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K. P. BASKIN TELEPHONE 

MANAGER OF NUCLEAR ENGINEERING, March 2, 1983 (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 
San Onofre Nuclear Generating Station 
Unit 1 

By letter dated January 3, 1983, the NRC forwarded additional 
questions and comments regarding our masonry wall test program for San Onofre 
Unit 1. Our responses to these items are enclosed.  

As indicated in the response to Item 11, we anticipate being ready 
to test the first wall specimen by about March 14, 1983. The actual start of 
testing will be based on NRC approval of the test program. Therefore, in 
order to ensure that the test program can proceed on schedule, your approval 
of our test program is requested by March 14, 1983.  

If you have any questions on the enclosed information, please let us 
know as soon as possible.  

Very truly yours, 

83007073830302 
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QUESTION 1 

Details of Turbine Building wall (not only at top but also at the sides) 
should be checked to show that they provide free boundaries in such a way so 
as to prevent in-plane loading.  

RESPONSE 

The typical connection detail of the top of the Turbine Building Masonry Walls 
is shown in Reference 1. The double pin connections are such that no in-plane 
loading from the structure will occur.. Furthermore, the Turbine Building 
masonry walls are continuous, with no free edges. 'Therefore, the only 
in-plane loading they will experience results from their own weight. This 
component of loading is addressed fully in the masonry wall analysis as 
provided in Reference 2.  

The masonry wall test program addresses only the out-of-plane loading of the 
walls. Reference 3 provided further clarification of the effects of the 
components of seismic loading on the analyses and testing of the subject walls.



REFERENCES 

1. Item III.E.4 of the Enclosure 1 to letter from K. P. Baskin to D. M.  
Crutchfield dated August 26, 1982, Subject: Docket No. 50-206 Responses 
to Open Items SEP Topic 111-6, Seismic Design Considerations, San Onofre Nuclear Generating Station Unit 1.  

2. 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.  

3. Enclosure to letter from K. P. Baskin to D. M. Crutchfield dated 
November 27, 1982, response to question 1.



QUESTION 2 

Due to the connection details between the wall and footing some rotational 
restraint could be developed. This could be amplified by the rigidity of the 
concrete footing and testing instrumentation attached. Therefore, the test 
wall may not behave as simply supported at the base as assumed in the 
analysis. Possibility of crack formation and steel yielding should be 
considered. Monitoring base deformation during testing is recommended. This 
information could be very helpful in the correlation between the analytical 
model and test results.  

RESPONSE 

The configuration of the test panel, the footing and the test system will 
provide a degree of fixity at the base of the test wall. This coincides with 
the actual insitu walls since all are dowelled into their respective 
footings. To monitor the degree of fixity at the bottom of the test walls, 
strains and curvatures will be measured. This will be accomplished by placing 
three strain gages on the center dowel at the bottom three joints (ncl. the 
wall-base joint) and two strain gages on the center rebar at the third and 
fourth joints from the bottom. The curvature at the joint between the wall 
and the footing will be monitored by two DCDT's placed on each side of the 
wall.



Question 3 

In generating the response spectra, a nonlinear analysis is used for the Fuel 
Storage Building wheras a linear analysis is used for the Turbine Building.  
Why different analyses are used? 

RESPONSE 

The'input to the masonry walls is in some cases affected by the response of 
the structure. In the Turbine Building the out-of-plane input to the top of 
the wall is determined by the structural response of the Turbine Building.  
The structural response of the Turbine Building (as modified) was predicted 
and verified through analysis to be linear. Therefore the response.spectra 
input to the masonry walls was determined by linear analysis.  

The structural response of some of the elements on the Fuel Storage Building 
was predicted to be nonlinear. For this reason elements expected to respond 
nonlinearly were assigned nonlinear properties in the three dimensional 
model. The nonlinear response of these elements affects the out-of-plane 
input to the masonry walls. Therefore, the response spectra input to the 
masonry walls were determined by nonlinear analysis of the Fuel Storage 
Building.



QUESTION 4 

In the pre-test prediction analysis the tensile strength of masonry joints 
prior to the formation of cracking will be included. How will the tensile 
strength values be obtained if flexural tests are not considered? It has to 
be stated that there is no documented information available in the literature 
to predict the flexural strength of masonry in terms of the properties of the 
constituent materials.  

RESPONSE 

In the pretest analysis each joint was explicitly modeled using a face shell 
element that remained elastic in compression but had a limiting specified 
tension. Once this limit was reached the tensile strength and stiffness 
reduced to zero. The tension value of 65 psi used in the pre-test prediction 
analysis was based on the mean value of data available from existing tests 
performed on walls with the same mortar type (type S mortar). References 1 
and 2.  

It should be pointed out, that the pre-test analysis is not the basis for .  
verification of the conservatism of the analysis methodology but rather is 
being performed for informational purposes due to an NRC request. The 
original model, modified if necessary to reflect test conditions, will form 
the basis for verification of the conservatism of the analysis methodology.  
In the original model the joints are considered to be cracked prior to seismic 
loading. Therefore, the tension value of the mortar is not needed.



REFERENCES: 

1. Copeland, R. E., and Saxer, E. L. "Tests of Structural Bond of Masonry 
Mortars to Concrete Block." Proceedings, American Concrete Institute, 
Vol. 61, No. 11, November 1964.  

2. Unpublished test data - National Concrete Masonry Association.



QUESTION 5 

The number and location of strain gauges mounted on the rebars are not 
specified. It is important to provide enough gauges to adequately determine 
the extent of yielding and the length of the plastic hinge. This parameter is 
very significant in the analytical model.  

RESPONSE 

Twenty strain gages are geing used on each test specimen. Seventeen are on 
the center reinforcing bar and three on the center dowel. Fifteen of the 
rebar strain gages are located around midheight of the wall spaced 8" apart.  
The remaining two strain gages on the rebar are located at the third and 
fourth joints from the bottom. The three strain gages on the dowel are 
located at the bottom three joints. For the Reactor Auxiliary Building test 
walls these numbers change to eighteen strain gages on the center rebar and 
two on the center dowel. Figures 5.1,.5.2 and 5.3 show the location of the 
strain gages on the three panel types. This number of strain gages (20) is 
limited by the availability of data channels in the data acquisition system 
(64). However, the location and distribution of the strain gages is such that 
the yield zone will be fully defined.
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Figure 5.1: 

PANEL TYPE 1: Fuel Storage Building 

Location of Strain Gages - 20 total.
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Figure 5.2: 

PANEL TYPE 2: Reactor Auxiliary Building 

Location of Strain Gages - 20 Total.
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Figure 5. 3: 

PANEL TYPE 3: Turbine Building 

Location of Strain Cages - '20 Total 
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-QUESTION 6 

LVDT's have been successfully used at Drexel University and other experimental 
studies to measure masonry face strains. It is recommended to directly measure 
longitudinal strain in the masonry face shells using LVDT's at critical 
sections. This is because of the fact that compressive strain is one of the 
major criteria in evaluating the analytical model.  

RESPONSE 

The compressive strains will be measured by DCDT's similar to the LVDT's used 
at Drexel. However, the Drexel tests were quasi-static and a problem may be 
encountered in the dynamic tests in obtaining sufficient resolution from the 
DCDT's. The DCDT's primary purpose in this test is to measure curvature, for 
which it is believed sufficient resolution exists. For this measurement 22 
DCDT's will be attached to the walls, eleven on each side. One pair will be 
located at the bottom of the wall and the remaining ten pairs at 8" on center 
along the wall over the points of maximum curvature as determined by the 
analysis results. The locations are shown on Figures 5.1, 5.2 and 5.3.  
Compressive strains will be measured by the DCDT's although the resolution of 
the data may not be sufficient for meaningful interpretation.



QUESTION 7 

It is stated that an attempt will be made to match cracking for precracked 
walls and walls tested with full intensity. This statement seems 
contradictory with the last statement in the response pointing out the 
difficulty in marking the cracks. At any rate, attempts should be made to 
locate cracks and mark them. The number of cracked joints, as shown from the 
parametric study of the model could have a considerable effect on the results.  

RESPONSE 

An attempt will be made to map cracks in the test walls. The walls will be.  
whitewashed to enhance the ability to locate cracks. However, it must be 
recognized that small cracks are very difficult to identify at the start and 
completion of dynamic test.



QUESTION 8 

A value of 1.5 Ice is used based on matching the model results with the 
MacKintosh and Dickey test results. First, it is only one test program.  
Second, the test panels were partially fixed at the base whereas analysis 
considers a pin support.  

- How was the correlation made between the load-deflection curves 
resulting from the model and ACI equations? 

- In case of an inadequate correlation between model and 
experiments, a more refined model will be necessary. This may 
require additional information about wall stiffness and 
leffective which depends on cracking moment. We feel that the 
flexural test provides valuable data which helps in a better 
understanding of wall response.  

RESPONSE 

Although the 1.5 Icr was based on matching the MacIntosh and Dickey test 
results, it was also verified by the testing done by Scrivener.  

The correlation of the load deflection curves used in the evaluations-are 
shown in Reference 1. The conclusion was that the deflection at yield 
predicted by using 1.5 Icr is in'quite good agreement with the deflection 
predicted by assuming various ultimate tension stress values for the mortar.  

Our recent evaluations show that varying the masonry tensile strength by + 50% 
would influence the maximum wall displacement by about + 0.5", that is, about 
10 percent, so that the tensile strength is not considered an important 
parameter.  

As was discussed in the response to question 4 the objective of the test 
program is the evaluation of the original analytical model that was used in 
computing the masonry wall responses. Presently, it is not intended to 
develop a more refined model based on the results of- the testing. Such an 
effort would be more suitable for a research project where test information is 
used to develop an elaborate model for response predictions.  

In case some of the key parameters from the test results are less conservative 
than those used in the original analytical model, some reanalysis may be 
necessary. However, the reanalysis will be made by modification of the 
original model rather than developing a new model, such as the pre-test 
estimate model. Since for this purpose the tensile strength is not a key 
variable,.the flexural tests are not deemed necessary.



REFERENCE: 

1. Figure 5.4 pp A-46, Response to NRC Review of Methodology, submitted to 
the NRC in a letter dated April 30, 1982 from K. P. Baskin to D. M.  
Crutchfield.



QUESTION 9 

Confirm that different input motions will be used at the actuators at top and 
bottom of the test wall.  

RESPONSE 

The program to develop individual control for the actuators has been 
successfully completed. Therefore, the tests will be performed as follows: 

PANEL TYPE 1: The input time histories were determined from a nonlinear 
analysis of the Fuel Storage Building. In the analysis time 
histories at the top of the fuel pool and at the roof levels 
were retained and are being used as inputs to the test. The 
motions are different for the two actuators.  

PANEL TYPE 2: The stiffness of the Reactor Auxiliary Building is such that 
it produces negligible amplified instructure motion and thus 
the same ground type motion will be used as input for both 
top and bottom actuators.  

PANEL TYPE 3: For the Turbine Building test walls the out-of-plane input 
to the top of the walls is determined by the structural 
response of the Turbine Buiding whereas the input to the 
base of the walls will be a ground type motion. The input 
motion at the two actuators will be different.



QUESTION 10 

Provide discussion why the 200 lbs. electrical conduits are not included as 
attachments to Type 1 walls.  

RESPONSE 

The Fuel Storage Building above elevation + 42 feet includes approximately 300 
linear feet of masonry walls. The small amount of electrical conduit attached 
to these walls is all surface mounted, with support spacing limited to eight 
feet. The maximum weight of conduit tributary to any of these supports is 
approximately 200 pounds. By comparison, the weight of the Type 1 walls 
exceeds 11,000 pounds for an eight foot span, so that the maximum conduit 
weight tributary to the Type 1 wall does not exceed 2 percent of the wall 
weight. In addition, the most heavily loaded conduit supports are found.  
typically in the top or bottom third of the wall and/or near cross-walls.  
Therefore, given the sparsity of the conduit, its location and weight, it is 
not deemed necessary to include it in the test program.



QUESTION 11 

Confirm the submittal date(s) of the pretest prediction analysis and-the 
schedule of the test program beyond the time the test program is approved by 
the NRC.  

RESPONSE 

Considering the current progress in preparation of the testing, it is .anticipated that we will be ready-to commence testing of Panel Type I by about 
March14, 1983. The actual start of testing will be based on NRC approval of 
the test program. The complete schedule for the test program will be as 
detailed in the November 22, 1982 letter from K. P. Baskin to D. M.'
Crutchfield. The pretest prediction analysis for Panel Type I will be 
submitted prior to the start of the testing.
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