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

Gentlemen: 

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

By letter dated February 17, 1982, the NRC staff stated that the 
non-linear elastic time history analysis methodology could not be accepted as 
the sole basis for evaluation and qualification of the masonry walls at San 
Onofre Unit 1. That letter also included specific comments on the 
methodology. By letter dated March 15, 1982, we indicated that we would 
respond to the technical comments and we would perform an alternate analysis 
of the masonry walls in accordance with the inelastic spectrum method.  

Enclosure 1 provides detailed responses to each of the technical 
comments raised by the NRC staff. Enclosure 2 provides the results of the 
analysis in accordance with the inelastic spectrum method. Based on the 
information included in these enclosures; together with the previous 
information provided to the NRC on this matter, it is concluded that the 
inelastic analyses we have performed demonstrate the capability of the masonry 
walls to withstand a 0.67g Housner ground motion.  

Notwithstanding this conclusion, in order to resolve the masonry 
wall issue, we have agreed with the NRC staff to develop a limited test 
program to provide further verification of the masonry wall evaluation 
methodology. It is our intention to discuss such a program in detail with 
members of the NRC staff in a meeting scheduled for the week of May 10, 1982.  

If you have any questions on this information, please let us know.  

Very truly yours, A035 

205O4544O820430 
6 ADOCK 05 

PDR



SAN ONOFRE NUCLEAR GENERATING STATION. UNIT 1 

EVALUATION OF REINFORCED CONCRETE MASONRY WALLS 

RESPONSE TO NRC REVIEW OF METHODOLOGY 

I INTRODUCTION 

In an enclosure to a letter of February 17. 1982, Docket No. 50-206 
LSO5-82-02-068, the NRC provided an evaluation of the non-linear inelastic time 
history analysis methodology for the San Onofre. Unit 1 masonry wall assessment.  
This evaluation concluded that the sole use of the proposed methodology for 
the wall evaluation was not acceptable, based on four general considerations: 

1. Assumptions and computational method not thoroughly verified by 
relevant test data.  

2. Test data based on static, monotonic load tests rather than walls 
loaded dynamically under earthquake type loadings. Also the test 
data was too restricted in size and scope for engineering 
conclusions.  

3. The QA/QC procedures do not provide reasonable assurance that 
the as built walls reflect accurately the drawings and specifications.  

4. A number of technical questions on the application of the 
methodology need to be assessed.  

In this report a detailed response to all of the technical questions raised by 
the NRC Is presented. The answers to these questions provide further verification 
of the methodology that was originally presented in Volume 2 of the report 
'Seismic Evaluation of Reinforced Concrete Masonry Walls'.  

The following sections address the four general areas that formed the basis 
for the NRC conclusions on the evnluation methodology.



2 BASIC ASSUMPTIONS FOR METHODOLOGY 

The NRC review expressed concern that the analysis methodology is not thoroughly 
verified by relevant test data. It has been our position throughout the development 
of the methodology that the basic formulation for modelling a masonry wall 
subjected to out-of-plane loads may be fully described by engineering mechanics 
principles.  

Further, for a wall which is well anchored into structural members top, and 
bottom and contains continuous vertical reinforcement the only possible failure 
mode is either by rupture of the rebar or by pullout of the anchorages. The 
other postulated failure mode, crushing of the masonry face shell. Is a servicability 
failure rather than a structural failure in that the continuous reinforcement will 
still function and hold the wall together as long as vertical support is provided 
by the, anchorages.  

These fundamental considerations of engineering mechanics and knowledge of 
the failure mode formed the basis for the methodology. The model so developed 
was then tested against the available test data and very good correlation was 
obtained. Therefore it is our position that sufficient validation has been performed.  

3 AVAILABLE TEST DATA 

The presentation of the methodology to the NRC by CES in Washington provided 
a review of the available test data on out-of-plane masonry walls. The four 
different test programs included the following specimens: 

a. Dickey and Mackintosh, 8 monotonic tests 

b. Scrivener. 4 cyclic tests 

c. SEAOSC. 9 monotonic tests 

d. Berkeley Shake Table. 6 dynamic tests.  

These tests therefore cover monotonic, cyclic and dynamic shake table loading 
functions. The Berkeley shake table specimens were of such dimensions that 
the peak ground acceleration of 0.63g was insufficient to cause yielding. It 
should be noted that this did provide some veilfication of the methodology in 
that walls of similar dimensions at San Onofre. Unit 1 were postulated to remain 
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elastic under similar peak ground accelerations using the analysis methodology 
developed.  

The monotonic tests by Dickey and Mackintosh provide validation for the effective 
stiffness of the elastic and yielding portions of the force-deflection curve as 
derived in the methodology. The cyclic results from Scrivener's tests provided 
very good correlation with the hysteresis shape predicted by the model. The 
tests performed by the SEAOSC demonstrated the structural integrity of masonry 
walls under high deflections.  

For the dynamic phase of the model development a number of conservatisms 
were Introduced into the model. These are discussed in more detail in Appendix 
A, the response to the technical questions. These conservatisms are cumulative 
and It is our judgement that the dynamic response predicted by the model 
will be considerably greater than that which will occur in a "real" wall subjected 
to the specified earthquake loads.  

4 QA/QC INFORMATION 

As with most plants of the vintage of San Onofre. Unit 1 quality assurance and 
quality control Information of the standards required for today's modern 
construction are not available. However considerable information on the standards 
of construction of the walls has been obtained from external and internal 
inspection and by the use of rebar locaters.  

At the start of the evaluation an external inspection of all walls was performed 
by Dr. Mayes of CES. This inspection indicated that the present condition of 
the walls was very good. The walls had good vertical alignment, there were 
no visible cracks. the masonry units were of good quality and the mortar joints 
were well constructed and showed no sign of deterioration.  

Recent construction at San Onofre. Unit 1 required the removal of small portions 
of masonry walls. This enabled Dr. Mayes of CES to perform an additional 
inspection of the internal condition of the walls. Several holes were cut in 
the walls of the Turbine Building, each about, 2'-0" square. Dr. Mayes was 
present when two of these holes were cut. These openings permitted Inspection 
of the mortar joints, the grouted cores and the existence and location of the 
rebar. The inspection also confirmed the presence of horizontal Dur-O-Wall 
joint reinforcement. Photograhs taken during this inspection are available.  
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The bond at the mortar/masonry interface was shown to be very strong as 
it required considerable mechanical effort to separate the components. The 

grouted core was extremely well consolidated and fully bonded to the masonry 
unit on all sides. A vertical rebar was cut at one of the openings and this 

bar was found to be correctly positioned at the center of the grouted cell.  

All items Inspected in these random samples were In complete conformance 

with the specifications for the project. This internal inspection of the wall 

confirmed the conclusions of the earlier external inspection that the masonry 
construction was of very high quality.  

Further evidence of conformance with the drawings and specifications was provided 

by the use of a rebar locater to determine the location of the reinforcement 
in the walls. Utilizing the rebar locater. BPC field personnel verified that the 

reinforcing bars in 10 randomly chosen locations were placed in accordance 
with the appropriate drawings and specifications.  

5 TECHNICAL QUESTIONS 

Item 4 of the NRC review included a list of eight technical questions. These 
questions required considerable detail to respond and the answer to each of 
these has been included as an Appendix A.  

This appendix presented a brief overview of the analysis methodology for the 
San Onofre. Unit 1 reinforced concrete masonry wall evaluation and addressed 
each of the technical questions raised by the NRC with respect to this evaluation.  
Following is a brief summary of the conclusions reached in Appendix A In 
items 4(a) to 4(h): 

a. ITEM 4(a) Masonry Face Shell Stresses: The stress strain distribution 
was computed in the face shell for each of the walls evaluated.  
The maximum strains were less than an ultimate value of 0.004 
derived from test data on plain concrete and much less than the 
limits specified in Appendix C of ACI-349. Results from a series 
of SEAOSC tests were also processed and showed strain levels 
at least as high as at San. Onofre. Unit 1 with no evidence of 
spalling.  

b. ITEM 4(b) Damping: Justification of the specified material damping 
of 7% was presented. Details of the means of .implementing this 
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damping Into the nonlinear model were provided and plots of energy 
balance used to demonstrate that the total effective dissipation 

due to viscous damping was less than for an equivalent elastic 

system.  

c. ITEM 4(c) Rebar Length and Joint Width: Theoretical considerations 

were used to confirm the validity of the overall model stiffness.  

Considerations of bond suggested that a conservative approach 

had been adopted for the length of yielding rebar. A series of 
parameter studies showed that the effect of the joint width In the 
final model was minimal and that any increase in yield length 
would reduce the maximum strains.  

d. ITEM 4(d) Displacement Ductility Values of the displacement and 
curvature ductilitles were computed in terms of the formulation 
in Appendix C of ACI-349. All displacement ductility values for 
the San Onofre. Unit 1 walls were less than the code limits as 
were the curvature ductilities for all but two walls.  

e. ITEM 4(e) Air Bag Tests : A discussion of the significance of the 
tests performed by SEAOSC was presented.  

f. ITEM 4(f) Computer Programs: Details of the computer codes used 
and their accuracy and numerical stability were listed. A number 
of parametric studies were used to demonstrate the stability of 
the solutions.  

g. ITEM 4(g) Combined Loads : Maximum masonry compressions were 
calculated for the two worst case walls for in-plane loads added 
to the out-of-plane face shell stresses computed in the response 
to Item 4(a). It was shown that the maximum compression did 
not exceed the ultimate capacity of the masonry face shell.  

h. ITEM 4(h) Wall Attachments : The local and overall effects of 
attachments were considered and it was demonstrated that the 
connections had ample strength and were configured such that local 
failure modes would not occur.  

The overall response to these detailed technical questions confirmed that the 
assumptions on which the methodology was based provided a conservative estimate 
of the maximum wall response. It was considered that the cumulative effect 
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of the conservatisms introduced to the various facets of the model would provide 

upper bound values of the overall wall deformations and for the detailed. material 

stresses and strains.  

6 CONCLUSIONS 

It is our position that the methodology for the evaluation of the San Onofre, 

Unit 1 masonry walls is well validated by the documentation provided In the 

original report and the detailed supplemental Information contained in Appendix 
A to this response. Because the methodology Is based on basic principles of 

mechanics. it adequately predicts the results of all available test data.  

The external Inspection of the walls together with internal Inspection of two 
random openings plus the confirmation of rebar positions In the field provide 
confirmation that the walls have been constructed as designed and specified.  

6


