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1. INTRODUCTION

Facility Operating Licenses DPR-80 and DPR-82 for Diablo Canon Units 1

and 2, respectively, contain a license condition regarding masonry walls
which require PGandE action prior to startup following the first
refueling outage of each unit. Specifically, the license condition
requires that PGandE shall (1) evaluate the differences in margins
between the Staff criteria as set forth 'in the Standard Review Plan and

the criteria used by the licensee, and (2) provide )ustification
acceptable to the Staff for those cases where differences exist between

the,Staff's and the licensee's criteria.

PGandE used the energy balance technique and its associated acceptance
criteri a (Ref. 1) as an alternative evaluation methodology for
qualification of Diablo Canyon safety-related masonry walls for
out-of-plane seismic loadings. The methodology was documented in reports
to the Staff on safety-related masonry walls for Units 1 and 2 in August
1983 and September 1984, respectively. This technique was used where the
out-of-plane bending due to seismic loads caused flexural stresses in the
wall reinforcement in excess of working stress allowables outlined in
IE Bulletin 80-11.

As a result of design audits conducted by the NRC Staff in October and

November 1984, the Staff requested that PGandE provide further
documentation substantiating the adequacy of the energy balance technique
used to qualify masonry walls at Diablo Canyon. The Staff's request for
additional information was based on the fact that the energy balance

technique may result in wall response in the inelastic range, whereas the
Staff's criteria are based on a working stress approach relying on the
elastic range of wall response. However, in SSER 31, dated April 1985,

the NRC Staff concluded with reasonable assurance that masonry walls at
Diablo Canyon will perform their intended function based on the following
considerations:

o Excursions of wall response into the inelastic range are limited,
and the predicted maximum displacements are small (less than

1.0 inch)
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o Stable performance of the walls under seismic loadings is indicated
by adequate design provisions and construction features such as

(1) fully grouted cells, (2) clip angle retainers at thy top and

bottom boundaries, and (3) ample horizontal and vertical
reinforcement

To confirm the adequacy of the energy balance technique, PGandE obtained
the results of masonry wall panel tests ':(Ref. 2) performed by Southern

. California Edison Company for San Onofre Nuclear Generating Station Unit
'I

1 (SONGS-1). The test results were correlated with the wall response

results obtained from the energy balance technique. This correlation
study was discussed in a meeting between the NRC Staff and PGandE in
November 1985. Although the NRC Staff found the PGandE approach to be

promising, they requested additional information on ten items.

The configuration and engineering properties of the SONGS-1 masonry wall
test panels are described in Section 2. The analytical cases considered
in the correlation study using the energy balance technique are described
in Section 3. The comparison of test results and analytical predictions
is presented in Section 4. Section 5 addresses issues such as yield
length and ductility of reinforcing bars, inclusion of the tension side
of the block in the energy balance analysis, and hysteretic behavior of
the test panels. Section 6 presents PGandE's responses to 10 items
raised at the November 1985 meeting discussed above. Conclusions are
presented in Section 7.
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'ESCRIPTION OF SONGS-1 TEST PANELS AND THE TEST PROCEDURE

The test wall panels considered in this correlation study are'he panel

types 1, 2, and 3 described in References 2, 3, and 4. The type 1 wall

panel specimen is a 24-foot-high (excluding base), 8-foot-wide, single
wythe, reinforced masonry wall. The wall reinforcement consists of ¹7
bars at 32 in. vertically and ¹5 bars at 48 in. horizontally. The type 2

wall panel specimen is a 17-foot-high; B-foot-wide, single wythe,

reinforced masonry wall. It is reinforced with ¹4 bars at 32 in.
vertically and ¹5 bars at 48 in. horizontally. The type 3 wall panel is
a 2l-foot-high, B-foot-wide, single wythe, reinforced masonry wall,
reinforced with ¹5 bars at 32 in. vertically and 48 in. horizontally.
All test walls are grouted in the cells where reinforcement is present.

The test wall panels were mounted vertically on a specially designed

testing device which consisted of a test reaction frame, an

instrumentation reference frame, and a pair of hydraulic actuators. One

actuator was located at the center of the top wall boundary and the other
was located at the center of the supporting reinforced concrete beam at
the bottom wall boundary in order to simulate the as-built condition.
The test wall panels were free to rotate in the out-of-plane direction at
the top boundary and were fixed against rotation at the supporting beam.

Rebar dowels were used to provide structural fixityof the wall panel to
the supporting beam.

During the tests, out-of-plane seismic acceleration time-histories were

independently input to the top and bottom boundaries of the wall specimen

through the independent actions of the top and bottom hydraulic
actuators.

Six wall tests were completed in the SONGS-1 masonry wall test program:

three type 1 panels (walls lA, 1B, and 1C); one type 2 panel (wall 2A);
and two type 3 panels (walls 3A and 3B). One type 3 panel (wall 3A) test
was unsuccessful because of an actuator malfunction during the test and,

therefore, was not considered in the present correlation study. The

remaining five test panels (1A, 1B, 1C, 2A, and 3B) were selected for
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this correlation study. These tests had different seismic input motions

(Refs. 2, 3, and 4). The construction, material, and eng'ineering

properties of the wall specimens are provided in Table 6-2. A summary of
the material properties and the response spectra of test input motions

are presented in Appendix E.
f

0703S/0042K





3. ANALYTICALMETHOD AND CASES

For the analytical prediction of the inelastic responses of %he tests
described above, the simplified energy balance technique was used. The

derivation of the technique and its application to a wall panel having

simply supported boundary conditions at the top and bottom boundaries

(pin-pin condition) are presented in Reference 1 and are included in
Appendix A. The application of the 'tethnique to a wall panel having a

simply supported boundary condition at the top and fixed-base condition
at the bottom (pin-fixed condition) requires modifications of the
technique in the inelastic load-deflection relationship of the wall. In
this case, two yielding hinges, one at the fixed-base support and one

near the midspan of the wall panel, are required to form an elasto-
plastic mechanism. The derivation of the inelastic load-deflection
relationship for a pin-fixed wall panel under a uniformly distributed
load is presented in Appendix B. Using the derived load-deflection
relationship, the application of the energy balance technique to the
pin-fixed wall panel follows the same procedure as described in Appendix

A for a pin-pin wall panel.
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The analytical cases considered in the test correlation study were:

(1) wall with pin-pin boundary conditions, using measured actual material
properties, and (2) wall with pin-fixed boundary conditions, using
measured actual material properties. All of these analytical cases

considered the actual sei smi c inputs of their respective tests.
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4. COMPARISON OF RESULTS

l

The typical analytical calculations using the energy balance*echnique

for test panel lA are presented in Appendix C, and the results from the

five test cases are summarized in Table 4-1. The calculations are based

on the average measured actual material properties. The spectral
accelerations used 1n the calculations are obtained from the average of
the top and bottom test spectral accelerations at the cal.culated wall
fundamental frequency using the effective moment of 1nertia for the wall
cracked section.

The comparison of the analytical and test results shown 1n Table 4-1

includes the maximum displacement and the estimated maximum rebar strain
duct111ty at the midspan of wall panels inferred from the tests. As

shown, the predictions are conservative and are 1n reasonable agreement

with the test results for the wall panels that responded inelastically.
The predicted results are relatively stable with respect to the different
boundary conditions assumed in the calculations.
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Table '4-1

SUHHARY OF COHPARISON OF ANALYTICALRESULTS(
MITH TEST RESULTS USING THE INITIALCRACKING HOHENT CAPACITY

BASED ON TRANSFORHED UNCRACKEO SECTION MITIi TENSION SIDE OF TiiE BLOCK EXCLUDED

Haximum Deflection d ma„(in.) Rebar Ductility, p ~ c/cy

Panel
Type

Vertical
Span/
Rebar

Test
Panel

easured
From
Panel
Test
(d)

Pin-pin
(b)

Pin-fixed
(c)

a u a ed b E 0. Determined
From
Test

Results Pin-pin
(d)(e) (b)

Pin-fixed
(c)

im t d from E, B. R s 1

24ft,0in/ 1A

07 9 32 in. 18
1C

9.7
11.5
10.8

10.3
10.9
12.3

11.5
13.0
12.1

12.2
12.3
13.8

17 ft, 0 in./ 2A (f)
04 9 32 in.

0.3

21 ft, 0 in./ 38 (g)
P5 9 32 in.

4.4 1.9 9.0

g ~

3.9

(a) The analytical values were based on actual measured material properties and the maximum grout tension stress at cracking is fr ~ 6 V fc psi

(b) Assuming pin-pin condition on the top and bottom boundaries.

(c) Assuming pin condition on the top and fixed condi tion on the bottom boundary.

(d) See references 2, 3, and 4 for test panel types 1, 2, and 3 respectively.

(e) Rebar ductility calculated from p ~ c/cy, ~here c measured rebar strain, and cy ~ yielded rebar strain from a)tua] sampie test.
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5. FURTHER INVESTIGATIONS OF PARAMETERS USED BY 'THE ENERGY BALANCE TECHNIQUE

Although the test correlation with the SONGS-1 test results. presented in
the previous section shows that the predictions of test response using
the energy balance technique are reasonable and conservative, several
technical issues were raised by the NRC Staff and its consultants during
the design audits conducted in October and November 1984.. These issues
are:

o The comparison of .rebar yield length and ductility from the test
, results with those predicted using the energy balance technique

predictions

o An examination of the inelastic hysteresis characteristics of the
tested walls panels, and the evaluation of these characteristics
relative to the hysteretic behavior assumed in the energy balance

technique

o The sensitivity of the energy balance technique with respect to the
assumption of the initial cracking moment of walls

The objective of this section is to present the results of further
investigations into each of the above issues utilizing the test results
of SONGS-1 wall panels.

A. r Yi 1 n h n D ili

Before addressing the issue of ductility and the length of
reinforcing steel over which yielding has occurred, it is useful to
examine the basic assumptions used in the energy balance technique.
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Thus, from the methodological point of view, the adequacy of the
energy balance technique should be judged solely on the basis of the
maximum predicted displacement. The adequacy of other engineering
parameters derived subsequently should be examined separately based

on the adequacy and the conservatism of additional assumptions used

in deriving these parameters.

I For application of the energy balance technique to out-of-plane,
inelastic seismic response analysis of block walls, an additional
assumption is required to derive the rebar ductility from the
maximum displacement response. This assumption is the length of
reinforcing steel which has yielded at the wall in the "yielding
hinge" region. Given the predicted maximum displacement, the rebar
ductility derived is inversely proportional to the assumed length of
the yielded reinforcing steel. This is because once the maximum

displacement is determined, the compatibility of the deformed shape

to the maximum displacement also determines the maximum rebar
elongation in the wall. Thus, a larger rebar ductility factor would

be predicted when a shorter rebar yield length is assumed; thi s

leads to a conservative ductility factor for engineering evaluation.

0703S/0042K -10-





BLANK PAGE

0703 S/0042K — ll—





BLANK PAGE

0703S/0042K - l2-





B. n 1 i H r i B havi r f h T H 11

During the NRC design audits, the NRC Staff and its consultants
raised a concern that since the energy balance techniqUe assumes the
inelastic energy dissipation characteristics of the walls to be the

type associated with an ideal elasto-perfectly-plastic hysteresis,
use of the technique for qualification of block walls would require
demonstration that the walls exhibi't the same type of inelastic.
hysteretic .behavior. This concern is also reflected in the NRC's

"SGEB Staff Position on Use of Energy Balance Technique to qualify
Reinforced Hasonry Halls in Nuclear Power Plants."

In order to address this concern, the inelastic hysteretic behavior
during the tests of the SONGS-1 test wall panels was investigated.
The moment-curvature response hysteresis of test panel 1A during one

cycle of inelastic response time-history was extracted from the
time-history recordings of rebar strains and deformations (gap
measurements). The calculations for,this moment-curvature response

hysteresis are presented in Appendix D. The resulting
representative hysteresis loop is shown in Figure 5-1.

Thus, even though the actual hysteretic behavior of the tested walls

(Figure 5-1) does not match the ideal elasto-perfectly-plastic
hysteresis assumed in the energy balance technique, the technique

was able to predict the test responses with reasonable accuracy and,

in several cases, with conservative margins. Since an ideal
elasto-perfectly-plastic hysteresis represents the upper bound

energy dissipation, any modification of the hysteresis assumed in
the energy balance technique to match the actual hysteresis (which

has less than the upper bound energy dissipation) would result in
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even more conservative predictions of displacements. Based on the

test correlation study, PGandE concludes that the .energy balance

technique has inherent conservatisms that more than compensate for
the apparent nonconservatism in the assumed ideal hysteresis, and

that use of the technique does not require validation of the assumed

hysteretic behavior of the walls.

C. ni vi D A m i n f='%ni i 1 r kin Hmn

As shown in Appendix A, the energy balance technique assumes the
initial cracking moment capacity of the grouted block wall to be the
cracking moment of a transformed grouted section on the tension side
and the total section (grout and block shell) on the compression

side. During the NRC Staff design audits, a concern was raised
regarding the sensitivity of correlation results to the assumption

of the cracking moment capacity. The NRC Staff and its consultants
requested an assessment of this sensitivity by assuming the initial
cracking moment capacity to be calculated on the basis of total
gross section of the blockwall instead of the transformed grouted
section.

To comply with this NRC request, an investigation was performed on

predictions of test responses for the five SONGS-1 test panels using
-the cracking moment capacity as determined from the gross section
(i.e., including block shell and/or mortar joint on the tension
side) and a modulus of rupture of 100 -psi . Appendix D shows a

typical calculation for the test panel 1A. Except for the change of
cracking moment capacity, all other parameters remain the same as

those used in the test correlations presented in Section 4. The

results of this assessment are summarized in Table 5-3. The

comparison of the predicted results with the test results shown in
Table 5-3 indicates that the predictions are still conservative and

in reasonable agreement with the test results. A further comparison

of the results in Table 4-1 with those in Table 5-3 shows that the
differences in the predicted results are insignificant. Thus, it is
concluded that the energy balance technique is relatively
insensitive to the assumption of cracking moment capacity.
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Table 5-2
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Table 5-3

SUNDRY OF COHPARISON OF ANALYTICALRESULTS( )
MITH TEST RESULTS USING THE INITIALCRACKING HOHENT CAPACITY

BASED ON GROSS SECTION MITH TENSION SIDE OF THE BLOCK INCLUDED

Haximum Deflection hmax(in.) Rebar Ductility. p e/ey

Panel
Type

Vertical
Span/
Rebar

Test
Panel

Heasured
From
Panel
Test
(d)

Pin-pin
(b)

Pin-fixed
(c)

Determined E timated from E. B. R ul
From
Test

Results Pin-pin Pin-fixed
(d)(e) (b) (c)

24 ft, 0 in./ 1A

//7 8 32 in. 18
1C

10.7
12.2
10.9

12.4
12.9
11.6

12.7
13.8
12.3

14.7
14.5
13.1

2

co

I 3

17 ft, 0 in./ ZA (f)
//4 8 32 in.

21 ft, 0 in./ 3B (g)
05 9 32 in.

5.6

0.2

2.1 11.6

0.9

4.2

(a) The analytical values were based on actual measured material properties and the maximum block tension stress at cracking is fr 100
ps'b)

Assuming pin-pin condition on the top and bottom boundaries.

(c) Assuming pin condition on the top and fixed condition on the bottom boundary,
I /

(d) See references 2. 3 and 4 for test panel types 1, 2, and 3 respectively.

(e) Rebar ductility calculated from p e/ey, where e ~ measured rebar strain~ and ey yielded rebar strain from actual sample est.
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6. RESPONSE TO NRC REQUESTS FOR ADDITIONAL INFORMATION

On November 5, 1985, PGandE and Bechtel met with members of Qe NRC Staff
and its consultants to discuss PGandE's use of the energy balance

technique to qualify some of the masonry walls at Diablo Canyon Units 1

and 2. PGandE discussed the use of San Onofre test data to demonstrate

the conservatism of the energy balance technique. PGandE also provided a

draft report documenting correlation study results and conclusions for
examination by the Staff and its consultants. The draft report was

formally submitted to the Staff on November 15, 1985 (DCL-85-343).

Based on the PGandE presentation and a cursory review of the draft
report, the Staff requested that additional information be included in
the final report. The NRC Staff's request for additional information and

PGandE's responses are provided below.

Provide additional data for hysteresis loops (i.e., a few more

"snapshots" of hysteresis loop for the pin-pin condition).

SRRIWJdLl ~

A typical hysteresis loop for SONGS-1 test panel lA is shown on Figure 6b

of Appendix D. Five additional hysteresis loops (Figures 6-1 through 6-5

in this section) were plotted using the SONGS-1 test data for panel 1A.

Figure 6-6 shows the time range for each hysteresis loop. Figure 6-7

shows the superimposed plots of all hysteresis loops developed. This

figure shows that the hysteresis loops are stable, i.e., the unloading

and reloading stiffnesses and structural strength of the wall under

cyclic loading remain unchanged.
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~m 2:

Discuss the correlation and conservatism in the energy balance approach

in the light of differences between the assumed hysteresis loop in the
analytical approach and the test data.

n 2:

The inelastic hysteretic behavior of the tested walls, the correlation
with the analytical approach, and the conservatism in the energy balance

tec)nique have been addressed in Section 5 of this report.

Consider bottom hinge effects in the correlation study by calculating the
maximum rebar ductility for the bottom hinge.

n
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Provide quantitative arguments to substantiate the similarity between SONGS-1

and Diablo Canyon walls.

n 4:

Table 6-2 lists the significant structural parameters of the walls tested for
SONGS-1 and the masonry walls constructed at Diablo Canyon Power Plant
(DCPP). These include items such as wall thickness, running bond, vertical
span, masonry and mortar compressive strength, rebar yield strength, modulus
of elasticity for steel and grout, and wall engineering properti es.

A comparison of data for SONGS-1 and DCPP masonry walls shows similarities in
wall thickness, number of wythes, cracking and yield moment capacities, etc.
The data also show that DCPP walls have a few structural features that are
better than those of the SONGS-1 walls, i.e., fully grouted cells, better
rebar distribution, and closer bond beam spacing. Therefore, it is concluded
that the DCPP walls are the same as or better than the SONGS-1 tested panels
in regard to energy absorption capacity.

Discuss the applicability of the plate action in the energy balance technique.

n

The energy balance technique is not used with plate action for qualification
of DCPP block walls. In previous calculations, plate action was used only to
calculate the frequency of three walls (Hall Nos. T2-85-5, T2-85-6, and

T2-85-7). These calculations were subsequently revised without utilizing
plate action. The revised calculations showed that walls are -still adequate.

Therefore, use of plate action in conjunction with the energy balance

technique has not been used in Diablo Canyon block wall analysis.
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~~m

Provide clarification for five walls where E 1000 f'as used (higher
modulus based on the grout strength).

~ll 6:

The energy balance technique was used in'the Diablo Canyon block wall
evaluations with the following considerations:

a. Homent of inertia based on concrete grout for the wall transformed cross

section

It. Gross moment of inertia with the tension side of the block ignored

Icr: Cracked moment of inertia

b. Hodulus of elasticity for concrete grout

E 57000 ~f'.27 X 10 ps1

During NRC Staff design audits in 1984, the NRC and its consultants requested
a sensitivity assessment for five block walls, T2-85-5, T2-85-6, T2-85-7,
T2-85-8 and T2-107-1, with the following considerations:

a. Homent of inertia based on masonry for the wall cross section

I : Gross moment of inertia with the tension side of the block
included

I „: Cracked moment of inertia

b. Hodulus of elasticity for masonry, E 1000f'm 1.95 X 10 psi
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An assessment of the sensitivity of wall responses has been made for the five
walls based on the above assumption of wall section rigidities as requested by

the NRC Staff. The results of this assessment show insigificant changes 1n

the displacement ductilities of the walls as compared with those based on the

Diablo Canyon assumptions. The displacement ductilities for those five walls,
based on the above set of assumptions, are actually less than those obtained
based on the assumptions used in the DCPP evaluation.

I

Discuss the shear transfer capacity for the walls where clip angles do not
extend to the block but may extend to the drypack.

n 7:

The ultimate shear capacity (V ) for walls with drypack top connections
t

where the clip angles do not extend to the masonry block was calculated using
ACl-531-79 Code allowables as shown on Figure 6-Ba. The construction
specification requires that the minimum compressive strength of drypack
material shall be 4,000 psi. The masonry compressive strength used in the
wall design is 1950 ps1 (Table 4.3 of ACl-531-79). Conservatively, the lower
value of 1950 psi was used for drypack in th1s evaluation. To account for the
effect due to the vertical seismic load, a coeff1ci ent of friction of 0.4 was

used between the drypack and clip angle as shown on Figure 6-8a.

Four potential controlling sections as shown in Figure 6-8b were used to
obtain the top connection ultimate shear capacity. These capacities were

compared against the shear demand (V) obtained from the DCPP masonry wall

calculat1ons. The safety factors (S.F. V /V) were calculated and grouped
u

as follows:

Group I - Includes all walls with a minimum S.F. of
3.0 except 30 walls listed below in Groups II and III
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Group II — Includes 16 walls with a S.F. between 2.0

and 3.0

Group III — Includes 14 walls with a S.F. between 1.4

and 2.0

Group III walls, in addition to the drypack-top connection, are strengthened

with vertical steel beams supported by the floor slab at the top and bottom of
the beam. These beams and their end connections transfer the lateral shear

load to %he floor slabs. These steel beam connections provide a reserve

capacity for shear resistance. Based on the above, it is concluded that the

shear transfer capacity of the top connections of the walls is adequate.

Provide qualitative discussion on margins of the masonry walls.

~~n~:
Margin on Displacement: As stipulated in the DCPP block wall evaluation
criteria (Ref. 8), the maximum allowable displacement for the Diablo Canyon

masonry walls is limited to 5 times the yield displacement. If the predicted
displacement exceeds 3 times the yield displacement, the resulting
displacement is multiplied by a factor of 2 and a determination is made

whether such factored displacement would adversely impact the function of
safety-related systems attached and/or adjacent to the wall. The maximum

calculated displacement for Diablo Canyon block walls is on the order of
1 inch.

Available test data on masonry walls from the SONGS-1 dynamic tests (Ref. 2

and 4) and the pseudo-static cyclic tests described in the Bulletin of the New
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Zealand Society for Earthquake Engineering (Ref. 7) were reviewed to evaluate

the margins of the DCPP masonry walls.

In the New Zealand tests, the walls were tested to a displacement ductility
of 8. The maximum recorded displacements were on the order of 8 inches. As

in the SONGS-1 tests, the cyclic loading did not result in any reduction of
wall strength.

None of the above tests were continued to failure of the walls. Accordingly,

the above test results have additional margin with respect to the ultimate

capacity.

Based on'the test results discussed above, the DCPP masonry walls have

adequate structural margin beyond the capacities stipulated by the current

acceptance criteria.

Calculate the yield displacement from the SONGS tests and correlate against

energy balance technique prediction.

n
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The above comparison indicates that adequate correlation exists between the
yield displacements measured in the SONGS-1 tests and the yield displacements
predicted by the energy balance technique and within 8'L of the values inferred
from tests.

Provide a list of the displacement ductilities for the Diablo Canyon walls to
demonstrate that they are less than 3.0.

The acceptance cri teria for displacement ducti lities were provided to the NRC

in a letter from PGandE (PACrane) to the NRC (GWKnighton) dated

August 17, 1983, and a letter from PGandE (QOSchuyler) to the NRC

(GWKnighton), DCL-84-312 dated September 26, 1984. These letters transmitted
the results of masonry wall evaluations for Units 1 and 2, respectively, in
response to IE Bulletin 80-11.

These letters stated that the maximum displacement of the masonry walls will
be limited to 5 times the yield displacement. However, if the maximum

calculated displacement is between 3 and 5 times the yield displacement, the

resulting displacement is conservatively multiplied by 2 to evaluate the

effect on the supported and/or adjacent safety-related components or systems.
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Displacement ductility factors for'Unit 1 and 2 walls qualified by the energy

balance technique are shown in Tables 6-3 and 6-4, respectively.

Although some of the DCPP masonry walls may exhibit responses beyond the

elastic limits, their maximum displacements are small (on the order of
1 inch). A comparison of these results with the available test data (see

response to item 8 above) indicates that the DCPP masonry walls have adequate
~s,wg

design margin.
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pV

Concrete or steel beam

1 to'1> in. joint filler
Clip angTe

~ ~

~ ~

e
~ 0 Varies

Drypack

Masonry

Cell grout

Rebar

4 ~

~ ~
~4

1 in.

V = Shear demand

V = Shear capacity, controlled by ultimate shear stress (v )
or ultimate tension normal to bed joints (Ftu)

v = (3)*(l.l~f')*+- not to exceed 3 x 50 psi
u m

F = (3)*(1.0~m )e* - not to exceed 3 x 40 psitu 0

where:

f' 1950 psi based on masonry to drypack interface
m

m = 2000 psi specified - use 1950 psi
0

p = Coefficient of friction = 0.4

* See ACI-531-79, Part 4, Section 9.)
** See ACI-531-79, Table 10.1

Figure 6-Ba

TYPICAL WALL WITH DRYPACK TOP CONNECTION
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~ ~ ~ ~
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~ ~
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~ ~

Controls all
masonry walls
except T-18a,
T-22b, ~
T-5e, and
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~ 0

' ' ~ ~ ~ ~ ~

~ g ~ ~

~ ~ ~ g ~

~ ~ ~
~ r ~

~j ~ 4y ~ ~ ~

Control s
masonry walls
T-22b, c

~ g
~ ~

~ ~

~ ~

4,
~ ~

M
~ ~

~ ~

~ ~ ~ ~

0

~
~

~ ~ ~

~ ~ ~
'

~ ~ ~

~ ~

~ ~

Controls
masonry walls
T-5e, T-18a,
and T-12a, b, c

~ ~

~,,
~ ~

~ ~

~ ~

~ ~ ~ ~

~ ~ ~

0
~ ~

' ~

~ ~ ~

r ~
~ ~

~ ~ ~

~ ~ ~ ~

Does not control

~ I ~

Figure 6-Sb

EVALUATION OF TOP CONNECTION CAPACITIES
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Table 6-1

MAXIMUM REBAR DUCTILITY AT BOTTOM HINGE

Test
Panel

From Panel
Test Data

Calculated by Energy Balance
with Assumed Plastic Hinge Length L

L.~ .4D L 6D L 8D

1-C

3-B

16.1

24.3

26.0

7.7

12.3

16.5

17.7

12.6

13.5

4.4

0703S/0042K -37-





Table 6-2

COMPARISON OF SONGS-1 AND DCPP MASONRY HALLS

San Onofre
Nuclear Generating Station

(SONGS-1) Tests
Diablo Canyon Power

Plant (DCPP)

all n tr i n

Thickness

Single or multiple
wythe

Bonding

Grouted cells

Single wythe Single wythe

Running bond

Partially grouted
(only bond beams and
vertical cells with
rebars are grouted)

Running bond

Fully grouted

8 in. (nominal 7.625 in.) 8 in. (nominal 7.625 in.)

Bond beam spacing

Span length and
direction

8 48 in.

Vertical spans of 17, 21,
and 24 ft (panel types
3, 2, and 1)

8 32 in.

Vertical spans of 11 to 17 ft

Vertical reinforcing
bars

Horizontal reinforcing
bars

Supporting boundari es

Top
Bottom

¹5 8 32 in.
Panel type 3

¹4 8 32 in.
Panel type 2

¹7 8 32 in.
Panel type 1

¹5 8 48 in.
Panel types 1, 2 and 3

Pin
Fixed

¹4 8 16 in.
(typical all walls)

2 ¹4 932 in.
(typical all walls)

Pin
Pin
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Table 6-2 (Cont'd)

COMPARISON OF SONGS-1 AND DCPP MASONRY HALLS

San Onofre
Nuclear Generating Station

(SONGS-1) Test
Diablo Canyon Power

Plant (DCPP)

Block unit weight

I

Masonry compression
strength, f'm

Grout compression
strength, f'c
Mortar compression
strength, Ho

Reinforcing bar yield
trength, fy

ulus of elasticity
of masonry, Em

Hodulus of elasticity
of grout, Ec

Hodulus of elasticity
of steel, Es

Light weight; conforms
to ATSH C90 Grade A

1,710 to 2030 psi

3,540 to 7,350 psi

Conforms with ASTH C270

54,500 to 62,900 psi

1.7lx106 to 2.03xl06 psi

3.39xl06 to 4.89x106 psi

27.lxl06 to 29xl06 psi

Light weight; conforms
to ATSH C90 Grade A

1,950 psi

3,288 psi

Conforms with ASTH C270

51,400 psi

1.95x106 psi

3.27x106 psi

29xl06 psi

n in P ri
Homent of inertia for
uncracked section (based on
transformed masonry section)

Including block in
tension (It)
Ignoring block in
tension (I')

392 to 408 in4/ft

146 to 178 in4/ft

502 in4/ft

348 in4/ft
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Table 6-2 (Cont'd)

COMPARISON OF SONGS-1 AND DCPP HASONRY HALLS

San Onofre
Nuclear Generating Station

(SONGS-1) Test
Diablo Canyon Power

Plant (DCPP)

Homent of inertia for
cracked section, Icr
Cracking moment capacity

13.7 to 30.0 in4/ft 13.0 ]n4/ft

For section with block 1.16 to 2.10 kip-ft/ft
in tension ignored, Hcr

2.0 kip-ft/ft

Yield moment
capacity, Hy

1.2 to 4.0 kip-ft/ft 2.2 kip-ft/ft
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Table 6-3

DISPLACEHENT DUCTILITY FACTORS

FOR UNIT 1 HASONRY HALLS

ili F r

ll Nm r
Haximum

1 mn in. 11Nm r
Haximum

i 1 m n in.

A-3a
A-3b
A-4a
A-4b
A-4c
T-8b
T-8c
T-9b
T-9c
T-10a
T-lob
T-10c
T-12a'-12b

T-12c
T-23c
T-23e
T-23d

0.4
0.4
0.3
0.3
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.3
0.3
0.2

A-4d
A-5a
A-Sb
A-6a
A-6b
A-7a
A-7b
T-2a,
T-2b
T-13a
T-13b
T-13c
T-14a
T-14c
T-14d
T-14e
T-14f
T-14g
T-14h
T-14i
T-14)
T-16a
T-17a
T-17b

0.5
0.3
0.3
0.4
0.4
0.5
0.5
0.7
1.1
0.4
0.4
0.4
0.4
0.4
0.5
0.5
0.4
0.4
0.5
0.5
0.4
0.6
0.4
0.4
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Table 6-4

DISPLACEMENT DUCTILITY FACTORS

FOR UNIT 2 MASONRY HALLS

uctili Fa or Le s th n Du i 1 i F or f . o .0

ll Num r
Maximum

i 1 m n in.
Maximum-''11 b

A2-100-1
A2-100-2 ,
A2-100-4
A2-100-7
T2-85-17
T2-107-7
T2-119-1
T2-119-9
T2-119-26
T2-140-1
T2-140-8

'2-140-11

0.2
0.2
0.3
0.3
0.2
0.2
0.2
0.4
0.1
0.2
0.3
0.2

A2-100-3
A2-100-5
A2-100-6
A2-115-1
A2-115-2
A2-115-3
T2-85-5
T2-85-6
T2-85-7
T2-107-1
T2-107-28
T2-107-29
T2-107-32
T2-107-33
T2-107-34
T2-107-39
T2-119-2
T2-119-3
T2-119-4
T2-119-6
T2-119-7
T2-119-8

0.5
0.5
0.5
0.4
0.4
0.4
1.2
0.9
0.9
0.6
0.5
0.4
0.5
0.4
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
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7. CONCLUSIONS

The comparison of test panel results from the SONGS-1 masonry wall test
program and the analytical predictions for the same panels using the

energy balance technique with actual measured material properties for
pin-pin and pin-fixed boundary conditions leads to the following
conclusions:

~ a. The application of the energy balance technique yields conservative

. yet reasonable predictions of the maximum inelastic displacement of
the walls and the inferred maximum reinforcing steel ductility at
the midspan of the walls.

b. The energy balance technique yields results that are relatively
stable with respect to different boundary conditions.

c. The energy balance technique predictions are relatively insensitive
to the different assumptions of initial cracking moment capacity of
the walls used in the energy balance calculation.

In summary, the safety-related masonry walls at Diablo Canyon Units 1

and 2 will perform satisfactorily for all postulated loads and load

combinations, thus assuring the integrity of supported or proximate

safety-related equipment or systems. This final report completes PGandE

activities related to the license condition imposed on the operating
license of Units 1 and 2, as well as the followup work associated with

the reevaluation of masonry walls identified in Supplement Nos. 13, 27,

31 and 32 to the Diablo Canyon Safety Evaluation Report.

0703S/0042K - 43-





REFERENCES .

2.

3.
/

"Energy Balance Technique for Inelastic Seismic Analysis of Single
Hythe Reinforced Hasonry Halls," by B. H. Hedelsborg and
H. S. Tseng, Bechtel Power Corporation, San Francisco Power
Division, August 12, 1980.

"Hasonry Hall Test Program, Results From Testing Halls lA, 1B,
and 1C," San Onofre Nuclear Generating Station, Unit 1, Bechtel
Power Corporation, Los Angeles,--Cal.ifornia, and Computech
Engineering Services, Inc., Berkeley, California, Report No.
R557.09, February 1984.

"Masonry Hall Test Program, Test Results Summary — Hall No. 2A," San
Onofre Nuclear Generating Station, Unit 1, Bechtel Power
Corporation, Los Angeles, California, and Computech Engineering
Services, Inc., Berkeley, California, Report No. R557.07, February
1984.

6.

7.

8.

"Masonry Wall Test Program, Test Results Summary — Hall No. 3B," San
Onofre Nuclear Generating Station, Unit 1, Bechtel Power
Corporation, Los Angeles, California, and Computech Engineering
Services, Inc., Berkeley, California, Report No. R557.11,
February 1984.

"Hasonry Hall Test Program, Correlation with Analysis Results," San
Onofre Nuclear Generating Station, Unit 1, Bechtel Power
Corporation, Los Angeles, California, and Computech Engineering
Services, Inc., Berkeley, California, Report No. R557.10,
February 1984.

Newmark, N. H., "Current Trends in the Seismic Analysis and Design
of High-Rise Structures," Chapter 16, h k n in r n , edited
by R. L. Hiegel, McGraw-Hill, 1970.

3. C. Scrivener, "Reinforced Hasonry — Seismic Behaviour and
Design," Bulletin of the New Zealand Society for Earthquake
Engineering, Volume 5, No. 4, December 1972.

Pacific Gas and Electric Company, Design Criteria Memorandum (DCH)
No. C-62, Rev. 1, "Criteria for Re-evaluation of Concrete Masonry
Halls," Diablo Canyon Units 1 and 2.

0703S/0042K 44





ENDIX

ENERGY BALANCE TECHNIQUE FOR INELASTIC SEISMIC ANALYSIS FOR

SINGLE HYTHE REINFORCED HASONRY HALLS

e
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INFORMATION PRESENTED IN THIS APPENDIX IS PROPRIETARV
TO BECHTEL POHER CORPORATION
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INELASTIC LOAD-DEFLECTION RELATIONSHIP FOR PIN-FIXED BEAMS
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INFORMATION PRESENTED IN THIS APPENDIX IS PROPRIETARY
TO BECHTEL POHER CORPORATION
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PPENDIX

TYPICAL CALCULATIONS AND INPUT RESPONSE SPECTRA FOR TEST PANEL lA
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INFORMATION PRESENTED IN THIS APPENDIX IS PROPRIETARY

TO SOUTHERN CALIFORNIA EDISON COMPANY
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CALCULATIONS OF PARAMETERS TO SUPPORT THE ENERGY BALANCE TECHNIQUE
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INFORMATION PRESENTED IN THIS APPENDIX IS PROPRIETARY
TO SOUTHERN CALIFORNIA EDISON COMPANY
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~NO X 0

a — YIELD LENGTH AND DUCTILITY OF REBAR
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~DIN D

b — HYSTERETIC BEHAVIOR OF TEST PANELS
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P ENDI D

c - TYPICAL CALCULATIONS AND INPUT RESPONSE SPECTRA FOR TEST
PANEL 1A HITH TENSION SIDE OF BLOCK INCLUDED
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PPENDIX E

TEST HALL PANEL PROPERTIES AND INPUT RESPONSE SPECTRA
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