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Southern California Edison Company 
P. 0. BOX 800 

2244WALNUTGROVEAVENUE 

ROSEMEAD. CALIFORNIA 91770 

K. P. BASKIN TELEPHONE 

MANAGER OF NUCLEAR ENGINEERING, November 22, 1982 (213) 572-1401 

SAFETY, AND LICENSING .  

Director, Office of Nuclear Reactor Regulation 
Attention: D. M. Crutchfield, Chief 

Operating Reactors Branch No. 5 
Division of Licensing 

U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Gentlemen: 

Subject: Docket No. 50-206 
Masonry Wall Test Program 
SEP Topic 111-6 
Seismic Design Considerations 
San Onofre Nuclear Generating Station 
Unit 1 

By letter dated July 19, 1982 we submitted to the NRC staff a des
cription of our proposed masonry wall testing program. In a letter dated 
September 29, 1982, the NRC staff indicated that our proposed test program is 
acceptable "subject to the satisfactory resolution of the staff's concerns as 
delineated..in the enclosure." Provided as -Enclosure 1 to this letter is our 
response to each of the staff s concerns as identified~in the NRC's
September 29 letter.  

Provided as Enclosure 2 to this letter is a schedule of the activi
ties associated with the test program. As identified on this schedule we are 
currently proceeding with testing of the test apparatus. The Panel Type 1 
walls have been constructed, however, the actual testing of these walls is 
currently on hold. As you can imagine proceeding with this test program will 
-involve a.-considerable expenditure of resources. .As such, it is our desire to 
get the unqualified acceptance by the NRC staff of our test program prior to 
proceeding with the actual testing. Therefore, it is our desire to meet with 
the NRC staff as soon as possible to resolve any remaining staff concerns. To 
avoid a significant delay in this program it is requested that you give this 
matter your prompt attention such.that all issues-can be resolved by'about 
December 10, 1982.  

If you have any questions on the enclosed information or if you wish 
to discuss this matter further, please let us know as soon as possible.  

Very truly yours, 

821129o05 821122 PDR ADOCK 05000206 
PDR 

Enclosures



ENCLOSURE 

RESPONSE TO NRC STAFF CONCERNS ON 

MASONRY WALL TEST PROGRAM 

NOVEM{BER 1982<:: 

SAN ONOFRE NUCLEAR GENERATING STATION 

UNIT I



Q1ESTION NO. a 

A discussion or assessment of the impact of not inputting vertical motion 
together with the horizontal one is needed to justify its omission in 
the test procedure. Also, expand to include the omission of the other 
borizontal motion (in-plane) in the test, in view of the fact that these 
components of earthquake motion should be included in the analysis.  

RESPONSE 

In the analyses of the masoary walls a very conservative method of eval
uating the impact of the vertical component of motion was utilized. At 
each time step when deflections were greater than the wall thickness the 
overturning moments due to vertical seismic load and gravity were com
pared to the horizontal inertia restoring moments. For a limited number 
of time steps the inertial restoring forces were less than the overturn
ing forces. However, these periods were of very short duration (maximum 
.045 seconds) and it is concluded that they do not affect the wall stability.  
For a more extensive description, refer to References 1 and 2. Therefore, 
as lng as thte actual 'deflecin deerined from be Essae h ect iosn:as- t h test's are of _the 

same order or less than those from the analyses, the vertical motion can be 
ignored.  

The in-plane horizontal component of motion is not pertinent for the Turbine 
Building walls since the connection details at the top of these walls.will 

prevent them from being subjected to this component of load. In addition, 
there is no vertical load on these walls other than their own weight. The 
Reactor Auxiliary Building walls-would be-subjected-to low in-plane shear 

loads. "This -level of load has little or no effect on the out of-p e 
response of the walls, and therefore, the -consideration of this. component.  

is not necessary for this test sequence. The Fuel Storage Building walls 
would be subjected to both in-plane and out-of-plane loads during a DBE and 
the combined loads were analyzed in accordance with the criteria established 

in Reference 2. These analyses included two horizontal and one vertical 

component of motion as reported in Reference 3. Therefore, given this 

information, the inclusion of the horizontal (in-plane) and vertical motions 
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would not affect the stated test objective. In addition, the physical 

limitations of the available test facilities do not permit the inclusion of 

two components of motion simultaneously. The only feasible method of test

ing walls of similar size to those in the buildings of interest at San Onofre 

is by the test method proposed.  
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References 

1. Computech Engineering Services, Inc., "San Onofre Nuclear Generating 

Station Unit 1, Seismic Evaluation of Reinforced Concrete Masonry 

Walls, Volume 1: Criteria," forwarded by letter. from K. P. Baskin

to D. M. Crutchfield dated January 15, 1982.  

2. Computech Engineering Services, Inc., "San Onofre Nuclear Generating 

Station Unit 1, Seismic Evaluation of Reinforced Concrete Masonry 

Walls, Volume 3: Masonry Wall Evaluation," forwarded by letter from 

K. P. Baskin to D. M. Crutchfield dated January 11, 1982.  

3. Computech Engineering Services, Inc., "San Onofre Nuclear Generating 

Station Unit 1, Seismic Evaluation of Reinforced Concrete Masonry 

Walls, Volume 5: Fuel Storage Building Soil Backfill Condition Evalu

ation," forwarded by letter from K. P. Baskin to D. M. Crutchfield 

dated September 30, 1982.  
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QUESTION NO. 2 

Discuss the basis of your selection of time history duration and demonstrate 

its adequacy considering the fact that the duration of motion may have impor

tant bearings on non-linear analysis results.  

RESPONSE 

The duration of the test input motions has been established with considera

tion of the nonlinear response of the walls. All the time histories that 

will be used in the testing of the wall panels are based on real recorded 

earthquakes. The duration of motion that will be used in the test program 

is 30 seconds for all the test walls.  

The factors that influenced the selection of the history duration were the 

following: 

1. The design strong motion duration which is appropriate for the 

San Onofre site was documented in Attachment 6 to SCE's letter 

to theNRC dated August 9 1982- gardin free field ground 

motion. Based on the data included in that report, it is con 

cluded that a mean design duration of about ten seconds is con

sidered appropriate since this duration will be used with ground 

motion parameters which are at least 84th percentile instrumental 

values. Furthermore, it is'concluded that the use of a twenty 

second duration would exceed the average maximum value of strong 

motion duration obtained from all sources in the literature and 

is very conservative. The duration of motion that will be used 

in the test program is thirty--seconds for all ,the .test wall

This duration is obviously conservative when compared to the.  

values in the literature as summarized in Attachment 6 to SCE's 

August 9th letter.  

2. Results from the nonlinear analysis of the masonry walls indicate 

that the maximum responses of key parameters, such as deflections 

and rebar strains, occur within the first 20 seconds of the res

ponse. The time histories used in these analyses had a duration 
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of 20 to 30 seconds. As stated above, these time histories were 

based on real recorded earthquake motions in which the strong 

motion part was contained within the first 20 seconds.  

3. During the past 1.0 years of shake table testing at the Earthquake 

Engineering Research Center (EERC) of the University of California, 

Berkeley, several earthquake motions have been developed and are 

kept on file. Each record has the essential spectral character

istics of the recorded motion, but is modified with a high pass 

filter to ensure that the physical capabilities of the actuators 

used to drive the shake table are not exceeded. These records 

include El Centro, Taft, Olympia, and Pacoima dam events. These 

earthquake motions all have durations of 30 seconds. The EERC 

experience in using these records with all kinds of structures 

has been that they are of sufficient duration for the nonlinear 

response.  
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QUESTION NO. 3 

Discuss the reason for not being able to input two distinct motions at 

the two actuator levels as was implied in the proposal. If indeed, the 

input motions can't be distinct, assess its impact on the test findings 

and test conclusions. Appropriate compensatory measures, if any planned 

for adoption in interpreting the data, should also be discussed.  

RESPONSE 

The test proposal states that "it is anticipated that the two actuators 

will be controlled by the same signal and that "a study is underway to 

determine the feasibility of controlling the actuators with separate 

signals." 

It is now clear that the two actuators can be controlled by one basic 

signal Which may then be scaled differently by the controls to each 

actuator. This implies that for the Fuel Storage and Turbine Buildings 

.the analysis motion at the bottom of the wall_ could be. used. as input-to the.-.  

bottom actuator wh'ereasa scaled version of that same motoncoud be-used 

for the top actuator. A typical scale factor for the Fuel Storage Building 

would be 1.45 whereas the scale factor for the Turbine Building still re

mains to be determined. The Reactor Auxiliary Building does not have any 

instructure amplification and the scale factor between top and bottom actuators 

would therefore be equal to 1.00.  

Using the same displacement controlled signal with a different scale factor 

for the two actuators is realistic for the Fuel Storage Building. The 

instructure.response spectra at' the -top. and bottom of the walls are, in all 

practicality, identical. over the frequency range of interest, with the excep

tion of a scale factor. Therefore no compensatory measures for interpreting 

the data will be necessary for these walls.  

If two different signals can not be used for the Turbine Building walls, the 

impact of using scaled signals at the top and bottom of the walls will not 

be significant relative to the objectives of the test program. This is true 
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since the objective of the program is to validate the analysis methodology, 

and the same input used in the test program will be used in the correlation 

analysis.  

The Reactor Auxiliary Building does not produce any amplified instructure 

motion and thus the same ground type motion will be-used as input for both top 

and bottom actuators. Therefore no compensatory measures for interpret

ing the data will be necessary for these walls.  

Although the method of using scale factors for the top actuator input signal 

is easy to implement, there do exist some physical limitations. For example, 

if too high a scale factor is used, the top actuator may be required to per

form a task exceeding its capabilities (e.g. extension beyond the maximum 

6-inch displacement). However, it is not expected that such conditions will 

occur. Refer to Question No. 6 with respect to limitations of the test 

equipment.  

The possibility of using two different input motions is still being investi

gated, and the prospects are good for finding an acceptable solution. If 

such a solution.is. found, it is planned to input two different motions to the 

two actuators for the-Fuel Storage and Turbine Building a Refer to 

Question No. 6 for the explanation on how this task would be accomplished.  

If not, the above method of using different scale factors will be utilized 

for both the Fuel Storage and Turbine Buildings.



QUESTION NO. 4 

Describe how the closeness/similarity between the test walls and the insitu 

walls are to be assured with respect to the construction material and 

boundary conditions.  

RESPONSE 

While the objective of the program does not necessitate close similarity 

between the test walls and the insitu walls, steps are being taken to 

ensure that this similarity is as close as is reasonably possible. In 

order to achieve similarity of construction materials the original specifica

tion used in the construction of the insitu walls is used in the construction 

of the test panels. This specification (BSO-112, January 11, 1965) includes 

information on all the construction materials used in the walls. The 

implementation of the specification by the constructors will be monitored 

by engineers and samples of all construction materials will be tested as 

further verification of the quality and similarity of the construction 

materials.  

All of the walls considered applicable for-the nonlinear analysis are 

dowelled into concrete members (footings, slabs, etc.) at their base. The 

base detail for each of the test panels will also be dowelled into a concrete 

base, utilizing the same area of dowelled steel and the same embedment 

percentage as in the insitu walls. This assures the same boundary conditions 

at the base of the test panels as are present in the insitu walls. All of 

the walls considered applicable for the nonlinear analysis have a pin 

connection at their tops. This connection is typically a ledger angle or 

in the case of the, Turbine Building (PanelType 3) a plate The test 

panels will all have connections at the top of the wall similar to that 

shown in Figures 4.1 through 4.3- The top actuator will be attached .to 

the steel member at the top of the panel via a pin connection. Therefore, 

the top connection of the test panels will be a pin, just as in the in 

situ walls.



QUESTION NO. 5 

Give detailed discussion about and justification for major piping/equipment 

attachment simulation in terms of weights, eccentricities and locations of 

such attachments. Also discuss the methods in attaching these piping/equipment.  

RESPONSE 

The items attached to the masonry walls considered applicable to the non

linear analyis consist mostly of electrical conduit and minor items such 

as grounding cable, telephones, small diameter copper tubing and other 

similar minor items. Due to their light weights, all of the above items 

other than the electrical conduit are not considered relevant to the test 

program. In addition, piping is not considered relevant to the program 

since none of the masonry walls subject to the nonlinear analysis have 

significant piping attached to them.  

The masonry walls in the superstructure of the Fuel Storage Building (repre

sented by Panel Type 1) have very little electrical .conduit attached to them.  

The small amount of electrical conduit attached to these walls is all 

surface mounted within one to two inches of the wallsurface. The maximum 

weight of conduit tributary to any of these supports is approximately two 

hundred pounds. Of the approximately half dozen supports with conduit weights 

near or above one hundred pounds, all but a few occur within the top or bottom 

third of the wall. Therefore, due to considerations of weight, eccentricity, 

location and the.low number of supports, attached electrical conduit is-not 

considered to be relevant to the Fuel Storage Building walls. This being the 

case, Panel Type 1will-not have any attached equipment.except those .instruments 

necessary for testing.

The seventeen foot high walls of the Reactor Auxiliary Building (represented 

by Panel Type 2) have even fewer attached items- than the Fuel Storage Building 

superstructure walls discussed above. Those few items which are attached to 

these walls are surface mounted with the heaviest tributary weight to any sup

port being approximately.fifty-pounds. Therefore, Panel Type 2 will also 

have no equipment attached except those instruments necessary for testing.  
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The twenty-one foot high walls of the Turbine Building (represented by Panel 

Type 3) do have a significant amount of attached electrical conduit in many 

areas. Figure 5.1 shows a particular support which occurs on a Turbine 

Building wall. This support is typical of those supports with the greatest 

weight and highest eccentricity for these walls. The weight carried by this 

support is estimated to be 250 pounds and the eccentricity is ten inches.  

The support is located at the extreme top of the wall. The great majority 

of the electrical conduit supports on these walls support horizontal conduit 

runs and occur within the top or bottom third of the wall. For testing 

purposes it is intended to represent four or five of these supports or 

similar supports within the top and/or bottom third of the wall. The 

supports and weights associated with them will be configured and placed 

in such a manner as not to interfere with the testing-instrumentation on 

the test panel. It should be noted that for simplicity, during the analysis 

it was assumed that all conduits were filled to capacity. This is not the 

case in reality and the information concerning weights contained in this 

response is based on information gathered during the current raceway 

support seismic reevaluation program.  
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QUESTION NO. 6 0 
How are the in-structure amplified design spectra to be used in defining 

actuator's input motion determined? Procedures for verification of simi

larity of input actuator motions to those of in-structure design spectra 

should be provided. What are the criteria for judging acceptability of 

the similarity of the motions? 

RESPONSE 

The actuator input motion for the three wall types representing the Fuel 

Storage Building, the Reactor Auxiliary Building and the Turbine Building 

will be determined as follows: 

a. The spectra for the Fuel Storage Building test walls (Panel Type 1) 

will be obtained from the three-dimensional nonlinear building 

analysis.  

b. The Reactor Auxiliary Building was determined to respond in the 

rigid range and thus the spectra for these test walls (Panel 

Type 2) will be the unamplified ground motion at both top and 

bottom..  

c. The spectra for the Turbine Building-test walls Panel Type 3) will 

be the ground spectra at the botton of the walls and the spectra 

obtained from the linear analysis of. the Turbine Building at the 

top of the walls if different input motions can be used as discussed 

in the response to Question 3.  

Verification of similarity of input actuator motions to those of instructure 

design spectra will be done through spectral comparison. The criteria for 

aceptabilityof the similarit of the motion is that the actuator motion 

response spectra be as close as possible within the physical limitations of 

the -actuators and, their control'system to the instructure design spectra 

over the frequency range of interest (i.e. the frequency range from the 

uncracked to the fully yielded masonry walls) 

It will be necessary, because of the physical limitations of the test equip

ment, to filter out some of the low frequency components of the input motions.  

Inclusion of these low frequency components would require actuator displace

ments and velocities that exceed the capacity of + 6 inches displacement and



26 in/sec velocity. This will require filtering out most frequencies lower 

than approximately 0.3 Hz. The impact of this will not be significant since 

this low frequency band (0-0.3 Hz) is outside of the frequency range of 

interest of the walls.  
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QUESTION NO. 7 

Bow representative are the 3 types of panels selected compared to the range of 

walls considered applicable for the non-linear analysis computer code? A 

discussion to demonstrate that reasonable representativeness has been achieved 

should be provided.  

RESPONSE 

The three samples chosen for the test program represent those typical wall 

sections whose response would be the largest under the motion associated 

with the DBE. The rationale for the selection of the panels follows: 

1. PANEL TYPE 1: This panel type is to be approximately 24 feet 

high with 7 reinforcing bars spaced at 32 inches for vertical 

reinforcement and #5 bars at 48 inches as horizontal reinforcing.  

All the walls in the Fuel Storage Building which are relevant 

to the test program have this same configuration. These Fuel 

Storage Building walls are all located in the second story of 

the Tbuilding (twenty.to thirty feet above-grade) and will thus 

have amplified input motions. The Ventilation Equipment Building 

walls have the same reinforcing pattern, however, these walls are 

four feet shorter and are founded on grade. While Panel Type 1-.  

is meant to represent the Fuel Storage Building walls, its 

response would also envelop that of the Ventilation Equipment

Building walls. .Therefore, Panel Type 1 represents the relevant 

Fuel Storage Building walls, and, in addition, it is a configura

tion which is considerably more conservative than that of all 

the Ventilation Equipment Building walls.  

2. PANEL TYPE 2: This panel type is to be approximately 17 feet high 

with 04 reinforcing bars spaced at. 32 inches as vertical reinforce

ment and #5 bars at 48 inches as horizontal reinforcing. This wall 

represents the tallest walls in the Reactor Auxiliary Building 

which have the same horizontal reinforcement and as a minimum #5 

bars spaced at 48 inches as vertical reinforcing. The test panel 

13



therefore provides equivalent reinforcing steel percentages to 

the actual walls. The remaining walls in the Reactor Auxiliary 

Building are approximately six feet shorter and are predicted to 

experience very little inelastic response due to their relatively.  

short span. The minimum reinforcing for these walls is the same 

as for the 17 foot walls (worst case #5 @ 48 horizontal and 

vertical). Therefore, Panel Type 2 is representative of the 

worst case walls, considering span and reinforcing, in the 

Reactor Auxiliary Building.  

3. PANEL TYPE 3: This panel type is to be approximately twenty feet 

high with #5 reinforcing bars spaced at 32 inches as vertical 

reinforcement and #5 bars spaced at 48 inches as horizontal 

reinforcement. This panel type represents the tallest walls in 

the Turbine Building. Since all the walls in this building 

considered to be applicable to the test program have the same 

reinforcing and are of the same height or shorter, Panel Type 3 is 

representative of the worst case walls in the Turbine Building.  

Table -7.1 gives a summary of the -above 4presented. information. The six 

typical wall types applicable to the test program are all shown in this 

table.  
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TABLE 7. 1 

BUILDING REINFORCING SPAN RFliARKS 

Fuel Storage 17 @ 32 V -24' Panel Type 1 Configuration 

(2nd Story) #5 @ 48 H 

Ventilation #7 @ 32 V "-20' 

#5 @ 48 H 

Reactor Aux. #5 @ 48 V 17' Panel Type 2 Configuration 

#5 @ 48 H 

#5 @ 48 V 11' 

#5 @ 48 B 

Turbine #5 @ 32 V ^20' Panel Type 3 Configuration 

#5 @48 H 

#5 @ 32 V I16' 

#5 48 H 
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QUESTION NO. 8 

Provide a discussion of bow pre-test prediction analyses by DRAIN-2D code will 

be done and what particular results will be submitted to NRC staff prior to 

the test? 

RESPONSE 

The pre-test prediction analyses will involve removing all known sources of 

conservatism from the previous analyses. These include: 

1. Adjusting the extent of plastic hinging of the rebar by modeling 

every joint in each wall.  

2. Including the tensile strength of masonry joints prior to the 

formation of cracking.  

3. Adjusting material properties to reflect material test results 

for each panel type rather than using the specified minimum 

values.  

The best estimate of the time histories that will.be used in each test will be 

used in the pre-test analytical prediction. Reporting of the results will be 

presented in the same format as previously submitted to the NRC (Reference 3).  

Reference 

1. Computech Engineering Services, Inc., "San.Onofre Nuclear Generating Station 

Unit 1, Seismic Evaluation of Reinforced Concrete Masonry Walls, Volume 3: 

Masonry Wall Evaluation," forwarded by letter from K. P. Baskin to D. M.  

Crutchfield dated Janua ry.- 1982 
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QUESTION NO. 9 

Key rebar strains should be measured directly by strain gages so that the 

strain time history is known during testing.  

RESPONSE 

Since the submittal to the NRC staff of the written test program, a study 

of recent experiments involving strain gauges on embedded reinforcing bars 

has been performed. This study revealed that marking the bar and then 

attempting to measure strains after its removal from the wall is not prac

tical. This study also revealed that a type of sealed strain gauge does 

exist and can be used in this test program. Therefore, in lieu of mark

ing the bar and removing it after testing, these new sealed strain gauges 

will be placed on the bar over the central length of bar and near the base.  

These sealed gauges have a design limit of 2, strain. Due to this fact, 

some of the gauges may exceed their design limit during testing. However, 

curvature measurements will be available from which the strains can be de

duced. The strain-curvature relationship can be developed up to the 2% 

limit of the gauges and extrapolated if necessary.<. The locations on the 

all of some of-the instrumentation may be modified to best accomodate 

this procedure.  
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QUESTION NO. 10 

Direct measurement of longitudinal strains in the face shell (both on tension 

and compression side) should be made. If such a measurement is difficult to 

implement, then discuss what are the difficulties involved.  

RESPONSE 

Measurement of the longitudinal strain in the face shell of a masonry unit 

in a dynamic test of this nature is extremely difficult. A strain gage of 

sufficient length (4-6 inches) is required to measure the compression or 

tension strain over a reasonable length of the unit. 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 a masonry unit. If 

bond is lost along any part of the length of the strain gage due to local 

microcracking or other causes the strain gages tend to buckle and thus re

cord tension rather than compression measurements. These problems have been 

observed in many previous test programs (e.g. References I and 2) and as a 

result strain gage measurements have not been utilized for masonry units in 

any recent masonry research programs.  

Other parameters will be measured to deduce the strain in the masonry face 

shells. These are the rebar strains, wall displacements and wall curvature.  

References 

1. Becica, I. J., "Behavior of Hollow Core Masonry Prisms Under Axial and 

Bending Loads and its Implications on Ultimate Strength Design of Masonry 

Structures", tructural Models Laborator vReport M-80-1, Department 

Civil Engineering, Drexel University, Philidelphia, PA, June 1980.  

2. Becica, I. J., and Harris, H. G., ''Evaluation of Techniques in the 

Direct Modelling of Concrete Masonry Structures", Structural Models 

Laboratory, Report M-77-1, Department of Civil Engineering, Drexel 

University, Philidelphia, PA, June 1980.  
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QUESTION NO. 11 

Describe the means of precracking the panels and at the same time preventing 

the yielding of the rebar. How is the panel to be loaded? Also, testing of 

pre-cracked panels should proceed only after an acceptable mapping of the 

cracks is taken.  

RESPONSE 

There are several means by which the panels may be precracked without yielding 

the rebar. In the test program two alternatives are proposed. The second 

alternative will only be used if there are unforeseen difficulties with the 

first method. It should be noted that when a wall is precracked, an attempt 

will be made to have the cracks form at the same location as they did in the 

full intensity test of the wall tested without precracking. This would corre

spond to the worst location with respect to the analysis.  

The two alternatives are: 

1 .Displacement. controlled point loadapplied at theappropriate 
- .~.'--.cfl,. , .- the 

height of the wall until cracking occurs 

2. A low amplitude sinusoidal displacement time history will be 

applied by top and bottom actuators. The excitation displace

ment will have a frequency equal to the fundamental frequency of 

the wall that is being precracked, thereby creating resonant res

ponse of the-wall until it cracks.  

In the case of the point load a strong I-beam will be placed against the wall 

and a hydraulic jack located between the beam and a reaction lframe. This system4

will apply a displacement --controlled force normal to the face of the wall. Dur

ing this load application the actuators at the top and bottom of the will will 

be locked in place. Because of the nature ofa displacement controlled force, 

it can only be maintained at a constant level for a certain displacement as long 

as the stiffness of the structure (in this case the wall) remains unchanged.  

Therefore, as soon as the wall cracks, the load will drop to a much lower level, 

thereby avoiding yielding of the rebar.  
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In the case of a sinusoidally applied displacement time history the same 

principle applies. As soon as the wall cracks, its frequency drops and 

excitation of the wall at its resonant frequency stops. This signifi

cantly decreases the force to which the wall is subjected, thereby pre

venting yielding of the rebar. To obtain the cracking load, the ampli

tude of the sinusoidal input will be slowly increased until the wall 

cracks. The disadvantage with this method is that the height at which 

cracking occurs cannot be controlled. Cracking will occur at the weakest 

joint in the region of the highest applied moment.  

Marking the cracks may be difficult because although the cra cks open up 

slightly in the deformed shape, they close completely when the wall is in 

the undeformed position. This makes the cracks almost, if not completely, 
invisible. However, every attempt will be made to locate the cracks and 

mark them.  

20



QUESTION NO. 12 

How will the test results be used to interpret the analysis results? The 

criteria to judge the acceptability of the test results as a means of veri

fying the analysis methodology and their bases should be provided.  

RESPONSE 

The main objective of the test program is to demonstrate the overall con

servatism of the analysis methodology and not to proof test the walls. In 

order to achieve this objective, several parmeters of importance from the 

results, both test and analytical, will be compared. These include maximum 

deflections, rebar strains, masonry strains and the extent of plastic hinging.  

If the test results yield values lower than or similar to those of the analysis 

for these key parameters, then verification of the analysis methodology will be 

complete. If the test results yield higher or non-conservative values for the 

key parameters, then the significance and sensitivity of the parameter(s) on 

the analysis results will be reassessed. The most important comparisons 

between the analysis and test results will be the maximum deflection of the 

S wall,.the-. amount of yielding :of therebar and the ability of the wall-to 

withstand the compressive strains induced by the maximum deflection. If 

the compressive masoary strains are excessive, face shell spalling along 

the-entire length of a bed joint will'be visually apparent from the tests.  
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QUESTION NO. 13 

The means and criteria to dispose significant differences between the test 

results and the computer analysis results and basis thereof should be pro

vided.  

RESPONSE 

The means and criteria to dispose of significant differences between test 

results and computer analysis results will depend upon what, if any, dif

ferences occur between the key parameters of the analytical model and those 

obtained from the test results. Three scenarios are possible: 

1. The key parameters from the test results are more conservative 

than those used in the analytical model. In this case the analy

tical results will be conservative and therefore acceptable.  

2. The key parameters from the test results are less conservative 

than those used in the analytical model. In this case the signif

icance and sensitivity of these less conservative results on the 

response of the walls will have to~be assessed. This may require 

revision of the modl-and reanalysisof some or all of the walls.  

3. Some of the key parameters from the test results are less con

servative and some are more conservative than those used in the 

analytical model. In this case some of the walls may need to be 

reanalyzed to determine the overall impact of the changes in the 

key parameters 

As noted in Question No. 12, the major criteria in evaluating the impact of 

a change in ;one o more of the key parameters will ._be.'.'.  

a. Deflection predicted by the analyti model, 

b. The ability of the wall to resist the compressive strains induced 

in the face shell of the masonry units; 

c. The amount of yielding in the rebar.  

A specific quantitative disposition criteria is not practical because of the 

relationship between the parameters affecting response.  
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QUESTION NO. 14 

On page A-38 of Section 5.1.2, Appendix A of your Response to NRC Review 

of Methodology, you referred to ACI-318 regarding a method of computing 

the effective moment of inertia. This method was used in the deflection 

calculations of Turbine Bldg. Group I walls. Also, on page 3,6 of Volume 4 

"Fuel Storage Building," Fuel Storage Building wall stiffness was based on 

1.5 times the cracked moment of inertia. The equations (9-7), (9-8) and 

(9-9) of ACI-318 code provide expressions for le, -Mcr and fr respectively, 

where le is the effective moment of inertia for computation of deflection, 

Mcr is the cracking moment and fr is the modlus of rupture of concrete.  

In view of the above, provide a discussion as to whether the pertinent "fr" 

values for masonry wall have been used in your analysis calculations and 

whether a number of flexural tensile strength prism tests are necessary in 

order to validate the "fr" values used in the analysis. If such tests are 

considered unnecessary, provide the basis thereof.  

RESPONSE 

The basic model used in the analysis of masonry walls assumed that the walls 

were precracked at critical locations. This was done to ensure that conservative 

analytical results were obtained and that the worst condition of the wall was 

accounted for. Therefore the modulus of rupture was not used in the analytical 

model.  

The value of 1.5 times the cracked moment of inertia was both developed and 

-verified bv matching the load-deflection curves taken from available test 

dat1on masont walls The determination of this vale. was not based on 

equations (9-7)1 (9-8) and (9-9 of the ACI 318 code. 'The details of the 

deve1opment and verification of this value may be found in Reference 1 

Therefore, the deflections reported in Reference 2 were not based on the 

ACI-318 equations. The ACI-318 equations were used only in Appendix A of 

our Response to NRC Review of Methodology to show the correlation between 

the load-deflection curves.resulting from (1) the model used in the non

linear analysis and (2) those curves resulting from the ACI-318 equations.  
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The only reason to obtain fr from flexural tensile tests would be to use this 

value in a best fit model of the wall. It must be noted that inclusion of 

this parameter in the analytical model will decrease the response of the. wail 

since it will delay yielding of the rebar. The flexural tests are therefore 

not considered necessary.  

24



References 

1. Computech Engineering Services, Inc., "San Onofre Nuclear Generating 

Station Unit 1, Seismic Evaluation of Reinforced Concrete Masonry 

Walls, Volume 2: Analysis Methodology," forwarded by letter from 

K. P. Baskin to D. M. Crutchfield dated January 11, 1982 

2. Computech Engineering Services, Inc., "San Onofre Nuclear Generating 

Station Unit 1, Seismic Evaluation of Reinforced Concrete Masonry 

Walls, Volume 3: Masonry Wall Evaluation," forwarded by letter from 

K. P. Baskin to D. ).. Crutchfield dated January 11, 1982.  

25



TOP OF WALL 

/W/ TH 

So eST/F ES 

TrYP/CA( FOR Fc41/eL 
STRAGe AND 

R6 C ACTOR AL/X/4 /A Y 

.. 9-Ae ..  

TYPICAL CONVECT/ON 
AT TOP OF TEST.PANEL 

FIGURE 4.1



Y ?OF WA LL 

07 

W/O W/T7H 
S T/FFENER 

3/ (~ TP/A -O 

REAC'OR A&/X/1/ARy 

PCAL CON/5C T/ON 
AT TOP.CF TESTPAv 

F/GURE 4.2



/ e 

TOP OF WALL 

7 

k//O W/ TH 
5 7/FFENERS 
(T-'P/CA. FOR 
TR/Ne &U1.//D/NG) 

5xO O~LT 

TYPICAL CONNEC 7/ON 
AT TOP OF TE ST PAN5L 

FGURE 4.3



T747-A W6/G/H7T 7-0 

6AS6' CAI 70% FILL.  

8CONVC"TE 64CAt LYG 7,q 

I~-4~COAIDL//Tf 

UNS7 7.* j S.j 
____ 

CON7RL-CONODU/T SUPPORT



VfP'1 I-/AL TEST E7- SO 

/234 56 7 S 9 VI 4/ ;1 10V3 4S, 2 

aqu Op TESF-JZiT ii 
CLE4RA100/F)- TEST 

SYT T E~l"ST 

PT /C CLE

Pr718 TEST rTT5/ 1 Oj 

P~T/ F10 A4 61L)AI'7~r Pr I WO 
PT? coOT/sr~/S KP '/3TLC/, O/ 

PT ?A CURE II 
P213 CUR~E TTgT-L 

P7OT2A8~r 7 TES TH I IL 

FT 23 COFST I PTSA C4'FiE1 .,Jjj:: :.~~j: I _ .7.  
POT3 2UR OU . jI 

P734 TE7 ' I H K 

PROT3AES'~'/ 7 
Pr.S' sc IIs Pf T~rj7 3TSTIj 
CoP73LA ~RfrE I I. 7W 

PRE TS T "A LYSIS 

1-10..II S 

PTr DCA*)S f-AA"Et T Yr.f 

© I/VCATU~ A cO1FEDA .TIW/TY 
AT*~ PA V LALE RA- l VIEW


