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REPORT ON THE RE-EVALUATION

OF

CONC 2ETE MASONRY WALLS
. -

I:I 2ESPONSE TO NRC ISE BULLETIN 80-11
L

FOR T:IE

RANCHO SECO NUCLEAR GENERATING STATION

i UNIT 1
*

4

1.0 GENERAL
d

This report contains the results of the re-evaluation of concrete
masonry walls for the Rancno Seco Plant and serves as a complete4

response to NRC I&E Bulletin 80-11 dated May 8, 1980.,
t

,
2.0 DESCRIPTION OF MASONRY WALLS

a

2.1 Identification and Function of Walls

There are two areas of the Rancho Seco Plant that have masonry
; valls and they are as follows:

I - A. At the 40 foot elevation of the Auxiliary Building at the
vest end a three sided masonry wall enclosure around the
Nuclear Service Station Transformer Train "A". See Plan

t in Attachment "D".

3. At grade on the north side of the Turbine Building and
2eactor Suilding a masonry wall enclosure surrounding the
tank farm. See Plan in Attachment "D".

;
'

3oth of the masonry wall areas have security masonry walls,
to prevent intrusion into these areas, that enclose safety

'related equipment. The failure of these walls could
possibly damage this equipment and on this basis these wallsj

were celected for the survey and analysis. These are the
only masonry walls in the plant that are in the vicinity
of safety related items. The Field Survey Procedure
identifies the wall numbering system, the results of the
survey which indicates wall height and thickness and single
wythe masonry construction is incorporated in this report
as Attachment "C". These walls are classified as security'
walls.

i
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2.2 Wall Confi;urations and Details

The nuclear service station transformer enclosure, located at
the forty foot elevation of the Auxiliary Building is
constructed frem normal veight 12 inch concrete masonry with

- all cells 3 routed. At the top of the wall there is a 12 inch,

deep by 21 inch wide reinforced concrete bond beam. The
reinforcement in the bond beam consists of six #6 reinforcing
steel and #4 reinforcing steel closed stirrups at a maximum
spacing of two feet on centers. The bond beam is attached to
the existing we.c reinforced concrete wall using shell
concrete anchors installed in the existing concrete and
reinforcing steel dowels threaded *at one end to engage the
concrete anchors. The dowels are located to lap the bond beam
horizontal reinforcement. The north masonry wall is constructed
on too of a existing twelve inch thick reinforced concrete wall.
The vertical reinforcing steel is #4 bars at 16 inches on center
on 22cn face in the trouted cells. The vertical reinforcing steel
extencs into the bond beam and is attached to the existing con-
crete wall with concrete shell anchors and threaded reinforcing
steel dowels. The west and soutn masonry walls have vertical
reinforcing steel of #4 bars @ 16 inches on center staggered in
each face of grouted cells extending into the bond beam and
secured into existing concrete with concrete shell anchors and
thresoed reinforcing steel dowels. The exception to this
vertical reinforcing steel spacing is around the structural
steel louver in the west wall. The vertical steel in this area
are J4 bars at eight inches on center each face. Additional
vertical steel was placea because one end of the structural ,

steel beams are attacnea to the south masonry walls with
anenor bolts ecbedded in the grouted cells.

The hurizontal cataforcing steel is two v4 bars at 32 inches on
cantar. Tha bars have a lap splice with dowels that are threaded
on one end and screwed into concrete shell anchors installed in
the aisting reinforced concrete walls. Refer to the drawings
in .ittachment "D" for sheets 1, 2 and 3 for Plans, Sections and
Deta is of the Nuclear Service Transformer Enclosure for more
specific details of construction.

The accurity fence, located on the north side of the Reactor
Building and Turbine Building, is constructed using 8" wide ;

normal weight concret ' lock with all cells grouted with concrete.-

The ;aasonry wall is constructed on a continuous reinforced
concrete spread footing. The masonry wall is 8 feet high and
is topped by a 6 foot chain link fence. The vertical reinforce-
ment consists of two #5 in alternate cells with one bar cut-of f
5 feet above the foundation and one bar continuing to the top
of the wall. The horizontal reinforcing steel consists of

,
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five #5 bars" spaced over the height of the wall as follows: one
in the first course, one in the fourth course, one in the seventh !

course, one in the tenth course, and one in the top course. One
additional #5 bar is placed over the man door opening. The

.
horizontal bars have been lap spliced at the corners.

t

At each side of the openings for the 14 foot high gates a pilaster
has been constructed frem concrete masonry utilizing two blocks.
Each grouted cell has a #5 reinforcing bar full height of the
pilaster. The horizontal wall reinforcing extend into the
pilaster block and the blocks are tied together with #5 hooked
reinforcing bars. The spacing of .the ties, up to 8 feet, match
the wall horizontal reinforcing. Above 8 feet to 14 feet the
ties are placed in every third course. Each gate hinge is
secured by a anchor bolt hooked around the second pilaster cell ;
vertical reinforcine bar from the ooening. For more definitive

4 information on the niant location and construction details see
Attaen=ent "D" see Tank Farm Fence Plot Plan, Sections and
Details.

2.3 Materials of Construction

A. Concrete dasonry Block

Conforms to ASTM C-90 Specification for Hollow Load
*

3 earing Concrete nasonry Units. Grade "N" Normal Weight ,

Units were useu. '

3. Concrete

f' = 3000 psi at 23 days. *

C

C. Tank Farm Eence Cell Grout *,

,

f' = 3000 psi at 23 days !C
L

D. Transforcer Enclosure Cell Grout

f' = 2000 psi at 23 days
C

[

E. Mortar

Type "S" o r "M"
Type "3" f' = 1800 psi at 28 days
Type "M" f[ = 2500 psi at 28 days j

F. Reinforcing Steel

"
ASTM A615 Grade 60 " Specification for Deformed Billet-Steel f
3ars for Concrete Reinforcement." '

| '

3
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G. Bolts

Anchor bolts conform to ASTM A 307.
i

The material properties that were used in the analysis did not
, deviate from the standards listed above. Testing of concrete

and cell 3 rout was acccmplished by an independent testing
labo ratory. The method used for compressive test conformed
to ASTM C-39 " Tests for Compressive Strength Cylindrical
Concrete Cylinders." The following is the results of the
23 day tests:

1. Concrete f' = 3060 psi -

2. Tank Farm Fence Cell Grout f' = 3360 psi
C

3. Transformer Enclosure Cell Grout f' = 2280 psi

3.0 CONST2UCTION PRACTICES

Tha tank farm security fence construction sequence is as follows:

A. Drill pilaster caissons, set rebar cage and place concrete -

to the bottom of footing elevation.

B. Construct spread footing including footing and wall reinforcing
stael.

,

C. Lay up concrete masonry units, installing horizontal reinforcing
steel and euoedded antnor oolts at the designated locations.

D. Grout wall cells, and place chain link fence sockets.

E. Ccapiete pilasters and grout.

F. Set manually door irace and lustall door.

G. Surface raount security system conduit and junction boxes.

;i . Install chain link fence and install 14 foot high gates.

The transformer enclosure construction sequence is as follows:

A. Rouzhen concrete curb surfaces, drill and set concrete expansion
anchors. Place vertical reinforcing steel dowels and horizontal
curb reinforcing steel and place concrete to widen the curb to
12 inches.

B. Roughen horizontal and vertical surfaces of existing concrete
walls. Drill and set concrete expansion anchors for vertical
and horizontal masonry wall dowels.

C. Install ventilation louver sill plate.

4
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D. Lay up masonry units installing dowels sad horizontal
reinforcing steel, ventilation louver jamb plates.

E. When masonry units are layed up to 8 feet set vertical
reinforcing steel full height and grout all cells.

.

F. Lay up masonry units to bottem elevation of bond beam, place
horizontal reinforcing steel, ventilation head plate, lintel
stirrups in the west vall, and grout all cells.

G. Form, place bond beam reinforcing steel and stirrups and pour
bond beam.

.

H. Set structural steel, install connection bolts, place grating,
install ventilation louvers set man door frame and install
door. Surface mount conduit and junction boxes for security
system.

Tests conducted were identified in Paragraph 2.3 Materials of Con- -
struction. Inspections were conoucted under the Sacramento Municipal
Utility Districts QA/QC program for Rancho Seco.

The results of the tests and inspections are filed at the Rancho Seco-
,

Plant Site.

4.0 RE-EVALUATION CRITERIA AND COMMENTARY

4.1 Critaria

Attachment A concains the criteria used for the re-evaluation
of the safety-related concrete wasonry walls for this plant.

Licensing ccamitaents contained in the Final Safety Analysis
22 ort (?SA3) as related to loads and load combinations are
incorporsted in the criteria. In addition, the criteria con-
sidars present day state-of-the-art analysis and design
tecaniques as follows:

a) No stress increase factors for normal operating loads

b) Stress increase factors for abnormal and extreme
2nvironmental loads

c) Realistic damping values

d)- Interstory drift

c) Frequency variations due to uncertainties -in material
properties and effective mass

P
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4.2 ?<-m=entary on the Critaria

Attachment 3 in the cc=mentary on the criteria and contains
datailed justification of the critaria by reference to existing

.
codes, test data and standards of practice.

5.0 RESULTS OF THE EVALUATION

The results of the evaluation for the Nuclear Service Station Trans-
for=er is shown in Table 1 and the results for the Tank Farm Fence
is shown in Table 2.

The flexure capacity for the Nuclear Service Station Transformer*

Enclosure is controlled by the reinforcing steel and analyzed as a
one-way slab between the concrete floor slab and the bond beam. The
shear caoacity was calculated without utilizing the reinforcing steel.

The flexure capacity of the Tank Farm Fence is controlled by the
masonry and was analyzea as a cantilever from the spread footing.
Seismic forces controlled the desien and the factor of safety for
overturning is 3.2 for 0.B.E. and 1.6 for S.S.E. conditions. The
shear capacity was calculatec without utilizing the reinforcing steel.

The results indicate that the walls in both cases will not fail under
adverse environmental conoitions.

>
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NUCL2AR SERVIC2, STATION
'

T.*LL';SFO??R ENCIDSURE

SUMP.ARY (U: lits: Y.ips/7t. ar.d Ft. Kips /Ft.)

Load due I .&
' 'Wall Type Lead due to: 8' to: i

4@.
Re= arks

* '; i ,fs I 1

D |L Eo ML+EE Os -Y | Es kL+EdC9"5i?
s

No. Stress |

528.IN '

See wall no. 528.3S
i ,

i j
,

e

1

528.2W Axial 2.0 i 1.6 0.8 5.4 45.0 1.* 7 6.3 76.0 Co=pression

Flexure 0.2 1.4 1.6 2.6 2.7 2.9 5.7
.

Shear i- i 0.4 s 0.41 4.41 0.8 1 0.8 | 7.3.

'Of f - Plan.1) { I

!
I

Shear - 1 - .i 2.1 s 2.1i 5.5 4.1 | 4.1 9.2
In-Planej i

Lintel Flexure 1 11.2 11.7 4.31 27.2| 28.0 | 8.7 31.6 46.5<

1
:

Shear i 3.3 i 2.5 1.4 | 7.4 9.7 | 2.8 | 8.8 16.2,
i

! 1

I i i-

525.3S Axial 2.1 j 0.3 0.8 | 3.2 |45.0 1.31 4.2 76.0 Compression
1 : ! i

Fle:cu r e |0.2 j j 1.4 j 1. 6 j 2.6 2. 7 , 2. 9 ' 5.7
| i ir

Shear j ; j 0.4 0.4 4.4 0.3 ; 0.8 7.34

' oi: - ? la n.t. >
;

I J
,

.

I

e

.
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TA.';K F.Cf FENCE

_

St.5.ARY (Units : "ips/Ft. and 7t. "1ps/Ft.)

load due !
_

.:. . 4
Wall Type Load due to: ['j

x -
} ^@

to: Remarks
of -

- No . Stress _D |L f Eo h L+E M oY|Es fML+E b
i . !

181.IWSN Axia l I 0.75 j0.11 do.36 30.4 ! 50.8| Compression. 0.22' O.97i
thru
181.8E Flexural! - | ' O.69 ! 0.69 i 1.31! 1.4 1.4 2.2

.

1

Shear 1 1 ' O.19 CO.18 1.8 0.34; 0.34 3.04

(Of f -Plane )

Pila st er :: Axial 4.47 * 0. 7 ' 5. 2 91.6 1.34 5.8 152.9
I ! | I CocpressionFlexurali4.02i 45.6 19.62 111.9 110.9 15.5 19.8,

i i

.

!

<

f,
.

! ;

! !f
-

1.

.
4 r !

t

i

=

|

!
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ATTAC!iMENT A

|
-

CRITERIA FOR THE RE-EVALUATION
OF CONCRETE MASONRY WALLS

CC.'ITENTS

1.0 CEERAL

2.0 CG'ERNING CODE

3.0 LOADS AND LOAD COMBINATIONS

4.0 MATERIALS

5.0 DESIGN ALLOWABLES

5.0 /CIALYSIS AhD DESIGN

i
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CRITERIA FOR T*E 25-EVALUATION

OF CONCRETE MASONRY UALLS

- 1.0 General
1

1.1 Purpose

This criteria is provided for use in re-evaluating the
structural adequacy of concrete masonry walls as required
by KRC I&E Bulletin 80-11, Masonry W'all Design, dated

1May 8, 1980. *
'

l.2 Scope

The re-evaluation shall determine whether the concrete masonry
walla and/or the safety related equipment and systems associated
with the walls will perform their intended function under the
loads and load conoinations prescribed herein. Verification of
wall adequacy snail include a review of local transfer of load
from block into wall, global response of wall, and transfer
of wall reactions into supports. Anchor bolts and embedments
for attacaments to tne walls are not considered to be within the
scope of the evaluation.

,

2.0 Governing Coue

The governing code is nCI 531-79 " Building Code Requirements for
Concrete dasonry Structures." Supplemental allowables, as specified
hereta, aaall be useu for cases not uirectly covered by the governing
Code.

3.0 Loads and Lead Comoinations

Load Comoinacions

a) D+L D = Structure Dead Load

b) D+Lt E, L = Live Load (100 psf)

c) D+L-W E, Operating Base Earthquake=

d) D+L E W = Wind (101 mph)

E = Design Basis Earthquake (S.S.E.)s

4.0 Materials

a) Concrete F' 3000 psi at 23 days=

b) Concrete Masonry Block - ASTM C-90 Type "N"

A-1
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c) Mortar - Type "S" or "M"

d) Tank Farm Fence Core 3 rout f' 3000 psi at 28 days=
C

~
e) Transformer Enclosure Core grout f' 2000 psi at 28 days=

C

f) Reinforcing steel - ASTM A615 Grade 60

g) Structural steel - ASTM A36
'

h) Bolts - ASTM A-307 '

5.0 Design Allowables *

j 5.1 Design allowables for load combinations listed in Paragraph 3.0.
.

3.1.1 ifasonry
.4

!

The allowable tension, comoression, shear, bond and
bearing stresses snall be as given in the governing

; code.
.

I

5.1.2 Core Concrete or Cell Grout

Theallowabletensionstress'esshallbe2.5$[f[
cr 0.33 times tne moculus of rupture as determined
by test.

5.1.3 Reinforcing steel and Ties -

The allowable tension and compression stresses shall
be as given in cya governing code.

5.1.5 3ei;mic anc iiind Luading4

he allowaole acresses will not be increased for load
ecmoinations that include the operating base earthquake
it wind. For stress increases for load combinations,

'

.or design basis earthquake (S.S.E.) see Paragraph 5.2. -

5.2 Design :llowables for load combinations which contain safe shutdown
>

(design basis) earthquake loads shall be as follows:,

1

5.2.1 dasonry

The allowable masonry stresses given in Paragraph 5.1.1
through 5.1.2 shall be increased as follows:

; STRESS INCREASE FACTOR

Compression
axial: 2.0,

ficxural: 2.5
|

!
i

A-2
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ST'.ESS INCREASE FACTOR

3 earing: 2.5

Shear and Bond: 1.67
.

Tension
No tansion reb 3r

tansion normal to bed
joints: 1.67

tension .carallelbed joints; in ru.to thenning 1.67
bond:

5.2.2 3einforcine Steel and Ties

The allowable steel stresses shall be 90 preent of
ainimum ASTM specified yield strength provided lap splice
12n2ths and emoecment (ancnorage) can develop this stress
level. Allowable bond stresses may be increased by a
factor of 1.o7 in determining splice and ancnorage lengths.

5.3 Damping

5.3.1 The damping values to be used shall be as follows:

a) For uncracxeu sections, use 2 percent damping for
022 and SSE.

3) For cracked reinforced sections, use 4 percent
damping for G3Z and 7 percent damping for SSE.

5.4 Modulua of Rupture

5.i._ The extreae censile liber stress for use in determining
thelowerbounduncrackedmomentcapacityis6]f[or-).3 times the modulua of rupture as determined by test
for the core concreta or cell grout and 2.4 times the code
allowable flexural tensile stress for masonry.

3.5 Non-C..2 gory I Masonry 'Jalla

5.5.L Concrete masonry walls not supporting safety systems
but whose collapse could result in the loss of required
function of safety related equipment or systems shall
be evaluated the same as walls that support safety
systems. Alternatively, the walls may be analytically
checked to verify that they will-not collapse when
subjected to accident, or safe shutdown (design basis)
earthquake loads.

A-3
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6.0 Analysis and Desien-
,

6.1 Structural P.esponse of Masonry Walls '

:
6.1.1 Equivalent Mocent of Inertia (I ) '

To determine the out-of plane frequencies of masonry walls, '

the uncracked behavior and capacities of the walls (Step 1)
and, if applicable, the cracked behavior and capacities
of the walls (Step 2) shall be considered.

1

Step 1 - Uncracked Condition ,
,

The equivalent moment of inertia of an uncracked wall (I )
tshall be obtained from a transformed section consisting

of the block, mortar, cell grout and core concrete. Alterna-

tirely, the cell grout and core concrete, neglecting block
anc :ortar on the tension side, may be used.

Stap 2 - Cracked Condition
.

'

If the applied moment (M,) due to all loads in a load com-
,

,

bination exceeds tue uncracked moment capacity (Mc-) , the
wall shall be considered to be cracked. In this event,

the equivalent moment of inertia (I,) shall be computed
as follows:

,

3
-

.

3

! :1. \ fM h

,

-

2 ~* i I
'

t + 1_; I! (N / C#,1 a
,

[I \
_ i-

:! =f
|cr r y

N
'

.nere,

!_ = Uncracked moment capacity *,

w.

!, = Applied maximma moment on the wall
r

! = Moment of inertia of the transformed section
,

'

I = Moment of inertia of the cracked sectionCr
J

t

f = Modul'us of rupture (as defined in Paragraph 5.4.1)

y = Distance of neutral plane from tension face

!
,

I

A-4 r
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If the use of I results in an applied moment, M , which
is less than M *, then the wall shall be verifi$d for MCr .

Cr

6.1.2 Frequency Variations

-

Uncertainties in structural frequencies of the masonry
wall due to variations in structural properties and mass
shall be taken into account. Significant variables
include cass, boundary conditions, modulus of elasticity,
extent of cracking, vertical load, in plane and out-of-plane
loads, two-way action, and composite action of multi-wythe
walls. To account for the effect of frequency variations, it
is considered conservative to use the lower bound frequency
if it is on the higher frequency side of the peak response
spectrum. If the lower bound frequency is on the lower
frecuency side of the peak, the neak acceleration shall
be used unless a more detailed analysis is performed.

6.2 Structural Strength of Masonry Walls

6.2.1 Soundary Conditions

3cundary conditions may be determined considering one-way
or two-way spans with ninged, fixed or free edges as
appropriace. Conservative assumptions may be used to
simoiify the analysis as long as due consideration is

'

i3 ven to rrequency variations.

. 6.2.2 Distribution of Concentrated Out-of-Plane Loads

Two-Way Action>

Shere two-way bending is present in the wall the'

localized icomencs per unit width under a concen-
tratad load can be determined using appropriate
analytical procedures for plates. Standard solutions
and tabular values based on elastic theory contained
in textbooks or other published documents can be used
if applicable for the case under investigation
(considering load location and boundary conditions).

One-Way Action>

i For dominantly one-way bending, local moments can be
! determined using beam theory and an effective width of

six times the wall thickness. However, such moments
shall not he taken as less than that for two-way plate
action.

6.2.3 Interstory Drift Effects
|
'

Interstory drif t ef fects shall be derived f rom the original
dynamic analysis.

A-5
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I 6.2.4 Stress Calculations

All stress calculations shall be performed by conventional
methods prescribed by the Working Stress Design or other I
accepted principles of engineering eechanics.

i
;*

1 6.2.5 ~Analvtical Techniones |
1

. In general, classical design techniques shall be used in
i the evaluation. Simplified analytical assumptions may be |

,

used. However, more refined methods utilizing computer |
analyses of dynamic analyses yay be used on a case-by-case !basis. !

|
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COMMENTARY CN CRITERIA FOR TIE RE-EVALUATION

OF CONCRETE MASONRY WALLS

1.0 GENERAL
.

1.1 Pur,ose

On May 8, 1980, the NRC issued I&E Bulletin 80-11 entitled,
" Masonry Wall Design", to certain Owners of operating reactor
facilities. One of the tasks required by the bulletin was to
establish appropriate re-evaluatiop criteria. A detailed justi-
fication of the criteria along with qualified safety margins are
also to be provided by the Owner. This commentary serves as
justification of the criteria used and provides a discussion of
the Cartins of safety.

1.2 Secoe

The concrete masonry walls are evaluated for all applicable loads
and load comoinations. Calculated wall stresses are first com-
pared against an allowaole stress criteria. In general, wall
stresses are maintainea within the elastic range of the load
carrying components.

Anchor bolts, emoeds and bearing plates provided for support of
systams attaeneu to one walls are subject to another NRC bulletin
and are not consiuered to be within tne scope of this evaluation.

2.0 GO'lERNING CODE

The governing ccde is ACI 331-79 " Building Code Requirements fet Con-,
"

crete .:ascary Structures." Thase codes do not address the ah.ormal
loads y71cally applied to nuclear power plant design. Tb:.efore,
supplemen;al allowables and alternative design technique are specified
in the critaria for cases not directly covered by the code.

3.0 LOADS /C.L JAD COMBINATICNS

The loads identified and defined in the SAR for safety related struc-
tures form. the basis for licensing of the plant and were used in the
evaluatica of the masonry walls. The load combinations listed in the
SAR for safety related concrete structures were used except if licensing
commitments related to load combinations were not identified in the SAR
or other project documents, then applicable loads with a load factor of
unity were combined and form the basis for the evaluation.

I

4.0 MATERIALS

Material strengths were largely determined by review of project specifi-
cations, drawings and field documentation. It may also be necessary,
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in some cases, to perform in-situ tests or to test samples taken from
the as-built structure to supplement data obtained from project
docu=ents.

5.0 DESIGN ALLOWABLES
.

5.1 Allovables in this section apply to loads and combinations of
loads which are normally encountered during plant operation or
shutdown, and include dead loads and live loads. In addition,
this section covers allowables for loads infrequently encountered,
such as operating basis earthouake and wind loads. The loads in
the various load combinations have no increase factors and

'

stresses are maintained well within the elastic range.

In general, the governing code allowables are applied. However,
for cases not covered by the code, such as grout tension, allow-
chies are cased on a factor of safety of 3 against failure.

5.2 This section deals with other abnormal loads which are credible
but hianly improcaole such as the safe shutdown earthquake.

Code allowaole stresses for masonry in tension, shear and bond
are increaseo oy a factor of 1.67. In general, this provides a
factor of safety against failure of 1.8 (3 + 1.67). Masonry
c:=pression stresses are increasea by factors ranging from 2.0 to
2.5 vita a minimum safety factor of 1.2 (3 + 2.5).

Reinforcing steel is allowed to approach 0.9 times the yield
strengen waich is typical for reinforcing steel which is required,

ta resist abaormal loads.

5.3 Damoing for rainforced walls which are expected to crack due to
out-of plane ;eisaic iaertia for conservatively set at 4% for C .;

*

2nd E', for SSE. These values are typically recognized as being
r2aliatic for reinforcad concrete, yet conservative for reinforced,

aaaoary.
+

5.4 The :odulus of rupture of concrete, grout and mortar was assumed
try by 20%, therefore, a lower bound modulus of rupture isto

determined by applying a reduction factor of 0.8 to the theoret-
ical concrete modulus of rupture of 7.5Vf'c or to the modulus of
rupture determined by testing samples taken from the as-built
str =ture. For masonry, the modulus of rupture is approximated
by tacreasing the code allowable flexural tensile stress by the
factor of safety of 3 and then applying the 20% reduction to
arrive at a lower bound value. (0.8 x 3 Ft = 2.4 Ft, where Ft is

; the code allowable tensile stress.)

;
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6.0 ANALYSIS AND DESIGN
4

6.1 The structural response of the nasonry walls subjected to out-of- |plane seismic inertia loads is based on a constant value of '

3ross
*

moment of enertia along the span of the wall for the elastic
(tacracked) conditions. If the wall is cracked, a better estimate i
of the moment of inertia is obtained by use of the ACI-318 formula
for effective moment of inertia used in calculating immediate |deflections. (Reference 15)

:6.2 The determination of the out-of plane structural strength of
|masonry walls is highly sensitive ,to the boundary conditions i

assumed for the analysis. Fixed end conditions are justified for
walls (a) built into thicker walls or continuous across walls and
slabs, (b) that have the strength to resist the fixed end moment, ;

2nd (c) that have sufficient sunoort rigidity to prevent rotation. "

Jtherwise, the wall edee is sicoly supported or free depending on
.he shear carrying cacaoility of the wall and support.

Oistribution of concentrated loads are affected by the bearing
area uncer tne load, horizontal and vertical wall stiffness, ,

i

bouncary conoitions ano proximity of load to wall supports.
Analytical procecures applied to plates based on elastic theory
are used to determine tne appropriate distribution of concentrated

[
a

1eads. A conservative estimate of the localized moment per unit ;
lang:n for plates supported on all edges can be taken as: ~

M. = 0.4P
L

i

:here: M3 = Localized moment per unit length (in-lbs/in)
|

? = Concentrated load perpendicular to wall (lbs)

? r loads close to an uasupported edge, the upper limit moment-
'

'
,

per unit Acagta can be taken as: )

Mt = 1.2?

For ::edominately cae-way action, an effective beam width of
6 times the wall thickness for distribution of concentrated loads
is c:aservative for the following conditions:

;

i a) Concentrated Ivad at midspan; simple supports: L >9.6T

| b) Concentrated load at midspan; fixed supports: L >19.2T

c) Concentrated load on a cantilever: h >2.4T i,

d) Couple at midspan; simple supports: a >4.8T

.

k
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e) Couple near a support; si=ple supports: a >2.4T

'4here : L is the beam length

h is the distance from the fixed end to the point
- of load application

a is the distance between the concentrated loads
producing a couple

T is the thickness of the wall

.
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1.0 PURPOSE

This precedure specifies the items to be performed and
the data to be accumulated to aid in the resconse to NRC

~

, ISE Sulletin 80-11, Masonry Wall Design, dated May 8, 1980,
(Appendix A).

2.0 SCOPE

2.1 This survey shall be conducted and-the data accumu-
lated for all Concrete Masonry Walls which are in
proximity to or have attachments from safety related
systems such that failure of the wall could affect
the safety related system.

,

2.2 Sufficient data is to be recorded to deternine the
ch:::cteristics of the wall construction, geometry,
10:stion anc macnituces of applied loads and corres-
ponding connection details for safety and non- '

cafety systems supportec by the wall.

3.O SURVEY REQUIREMENTS

3.1 Each survey team is to consist of members repre-
senting pertinent disciplines. One member snall be
designatec as Chief of Party.

3.2 3ackground sketches of each side of each wall
pracared in advance in the office are to be ussd to

2 cord data (see Appendix B). Additional sheets
re to be used, as required, to record' plan views
;na actachment details. These shal] be numbered as
:naec 2, 3, etc. to the original wall number.

3.3 In the safety related areas the survey team is to
mc.ce a systematic search to identify the location
ci any concrete masonry walls not shown on the
casign drawings and is to survey those walls in
c.ccordance with this procedure. Areas inspected or
not inspected shall be identified and documented.

3.4 Photographs are to be taken of each side of the
nasonry walls surveyed except where determined
infeasible by the survey team. Photographs shall
he numbered to correspond with the masonry wall.

numbering system.

3.5 The survey will cover the following items:

3.5.1 The dimensional location and identification
of all Category I items attached to the
wall. Hanger mark numbers are to be recorded. i

1-
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3.5.2 The location and identification of all non-
Category I items greater than one inch in
diameter or groups of items adding equivalent

.

loads, e.g., multiple conduit runs.

0.5.3 The survey team shall identify the signifi-
cant attachments to be documented e.g.,
attachments estimated to weigh at least
25 lbs. (Note: project may establish a
higher cut-off weicht consistent with walls
sina if appropriat,e.)

.

N 3.5.4 Record sufficient data for attachments so
that tributary gravity loads and seismic
1: ads can be estimated. This will consist |

ai at least locatina the next support on.

aacn sice of the wall, not on the wall
undar consideration, for all items and the
nant seismic restraint or ancnor for seismic
Category I systems.

3.5.5 Dimensions shall be recorded to the nearest !
one inch. Where limited access prevents ;,

physical measurement, locations shall be '

istimated to cne nearest 6 inches and noted
tnat Inis is an escinate. t

r

4.0 SURVEY PROCEDURE r

4 . '. The survey team shall complete 'the sketch of the
tell showing:

. . .. 1 .ill cpenings and panetrations associated
iith each discipline's components. Record
locations and sizes.

.l.2 Details of wall boundary conditions, i.e.,
whetner top or sides are visible free or
attacned to walls, ceiling or steel beams.

. 1.3 Support attachments including the manner of
'

attachment to the wall, e.g., through
boltad with backing plates, or concrete
expansion anchors. (Record type, if can be
identified, and size.) Record relationship
between anchors and mortar joints for all

'
supports. This requirement does not apply
to non-safety related items which can
positively be identified *and the failure of
which cannot hazard any safety related
items.

.

-k .
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4.1.4 Type of wall construction and thickness, if I
<

i visu61 determination is possible. -

D1 Single Wythe
. D2 Multiple Wythe with Mortar

D3 Composite - Two Wythe with Grout
i

Core '

i4.1.5 Show the location and size of structurally'

significant cracking as determined by the ,

survey team. Survey the general condition i
of the masonry wall and attachments to the ;

masonry wall.
!i
c

4.1.6 Whether or not wall succorts or restrains '

2i307 related systems'or equipment which
p

r.cy se safety related. (Initial estimate '

to be made from drawinas and confirmed by
,survey.) The systems and equipment shall i

3 ha identified. *

4.1.7 Specify whether or not wall is in proximity |
to a system wnien may be safety related. +

(?ronimity is cefined as within an are
length equal to the masonry wall height
frca tne case of each face of the masonry
wall extencing to the floor. Proximity
does not extend beyond compartments. )
Systems and items falling in this category
2nall ha identified and the approximate '

location with respect to the wall shall be
-ia s criced . (Use additional sheets as
requireu.)

4.2 A composica sketch shall be prepared for each wall.
This sketch shall show all the information recorded
and verified by the survey team. A visual inspection
:nall than be made in the field to verify all the
1.: formation shown on the composite sketch. After
tne inspection is completed for a wall, the composite r

sketch shall be signed as " checked."

4.3 Tha form shown in Appendix C shall be filled in by
tha Chief of Party as each wall is surveyed and as

,

each wall is checked.
5.0 SKETCH PREPARATION (IN OFFICZ)

5.1 The sketch number should contain the wall number,-

'

and should also reference the drawing number where
the wall is located, e.g., 181.2N indicates drawing
C-181, wall 181.2.

.

3
i
l
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| 5.2 The side of the wall shown should be labeled as !

; such: Morth, South, East or West, e.g., 181.2N.
"

If more than one sketch is required for a side, A,
3, C, etc. will be added to wall number, e.g., "

- 131.2N(A).
4

4 5.3 Column lines and reference elevation should be
| shown for orientati.on.

i 6.0 INSTRUCTIONS FOR CCMTLETING SKETCH
i

Item (See Appendix B) *

| (1) To be completed by Home Office

(2) Indicate ciscioline - Civil |,

! - Ilactrical ['

- Mechanical :
- Plant Design

(3) Indicate type of construction f

;

i (4) Name of person making survey

; (5) Checher (to be used only for comcosite sketch of |
i eacn wall.)
.

(6) Additional sheets as required
;

b

(7) Date of survey.4

!, (3) Circle 'les or No, if conclusive
r

.

.

4
|

:
6

.

'
.

i
,!,

r
'

,

! >

>

!
! .
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i

|
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Ut:ITED STATES 7912190595
flUCLEAR REGULATORY C0!NISSION -

. OFFICE OF It!SPECTIOf; AND ENFORCEMEliT
. . .

-
'

'!ASHIriGTON, D.C. 20555-
.

,

:!ay 8,1930
' '

IE Bulletin No. 80-11,

MASONRY UALL DESIGN-
.

Descri'ption of Circumstances: .

'

In the course of conductino insoections oursuant to IE Bulletin Nos. 79-02 and ,

79-14 at the Trojan Nuclear Plant. Portland General Electric Co. (PGE) identi .
fied a problem with the structural inteority of concrete masonry walls with
Seismic Category I piping attacned to them. This problem was briefly addressed -

in IE Information flotice t;o. 79-28, which was sent to all Construction Permit

and Operating License noicers on riovemoer 16, 1979 (Attachment 1).

'The problem was that scme wails were found which did not have adequate
structural strength to sustain the required piping system support reactions.
These structurai deficiencies were at that time reported to be attributable to
two deficiencies: .

,

1) ApparanL lack of a final eneck of certain pipe support locations and
reactions to ansure that the supporting elements possessed adaquate
structurai integrity to sustain the required loads.

2) i;on-conservativa design criteria for the reactions from supports anchored
into tne facu of concrete ma:onry walb; e.g., relying on the combined
strength of Jcuble block walls withoui. substantial positive connection
bet.aen the two walR by maans other than the bond provided by a layer
of mortar, grout or concrate between them.

Continued investigations into the deficiencies identif ed at the Trojan Nuclear
Plant, engineered by Bechtel, confirmed the deficiencies to be attributable to
error in engineering judgment, lack of procedures and procedural detail, and - -- " "
inadequate design criteria (details are in Trojan Nuclear Plant's LER No. 79-15,
and su;plements). Because of this anri the generic implications of similar
deficiencies with other operating facilities, we have concerns with regard to
the adequacy of de-ign aiteria used for the design of masonry walls and an
apparent lack of Jesign coordination between the structural and piping / equipment
design groups.

IE Bulletin 79-02, Revisic. 2 issued on November 8,1979 required a review of
pipe suaports attached to masonry walls using expansion anchor bolts. For most
pipe supports in this category, the expansion anchor bolts were replaced by
bolting through the wall or the support was relocated to another structure.
Supports that are bolted through masonry walls are'also to be considered in the
revicu for this Bulletin.

. .
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.

. Action to be taken by all power reactor facilities with an Operating License
(except Trojan, Sequoyah Unit 1, !! orth Anna Unit 2, and Salem Unit 2):

Identify all nasenry walls in your facility which are in proximity to or1.

have a.ttachments from safety-related piping or equipment such that wall
failure could affect a safety-related system. Describe the systems and,

equipment, both safety and non-safety-related, associated with these.

masenry walls. include in your review, masonry walls that are intended
to resist impact or pressurization loads, such as missiles, pipe whip,
pipe break, jet impingement, or tornado, and fire or water barriers, or,

shield walls. Eouic=ent to be considered as attachments or in proximity
<

to the walls shall include, but is not limited to, pumps, valves, motors,
-

heat excnancers, cable trays, cable /cenduit, HVAC ductwork, and electrical
cabinets, instrumentation and centrols. Plant surveys, if necessary, for
areas inaccessible curina normal plant operation shall be perfomed atthe earliest opportunity.

.

.2.
,

Provide a re-evaluation or the design adequacy or the walls identified in
Item 1 above to determine wnetner the masonry walls will perfom their
intended function uncer ail postulatea leads and load combinations. In
this regaro, the iiRC encourages Ine femation of an owners' group to
establish botn appropriate re-evaiuation criteria and where necessary, a
later confirmatory masonry cest program to quantify the safety margins

. e.:;taolished ' y the re-evaluation criteria (this is discussed further ino
Item 3 below).

Establish a prioricued program for the re-evaluation of the masonrye.
vali;. Provide a dascri
for comp;ecion of cae repcion of the program and a detailed schedule

evaluation for the categories in the Nogram.! The ccmp.etion date of all re-evaluations should not be more than
| 130 days from the data of this Bulletin. A higher priority should

be plac.:d on the wall re-evaluations considering safety-related
piping 2-1/2 inches or greater in diameter, piping with suppurt

.

-

loads du.2 to thermal expansion greater than 100 pounds, safety-
related .:quipment weighing 100 pounds or greater, the safety
,ignificance of the potentially affected systems, the overall loads
on the wall, and the opportunity for perfoming plant surveys and,1

if necessary, modifications in areas otherwise inaccessible. The
factors described above are meant to provide guidance in detemining

b.
~uhat loads may significantly affect the masonry wall analyses.
Submit a written report upon completion of the re-evaluation
prcgram. The report shall include the following infomation.

(i) Describe, in detail, the function of the masonry walls, the
configurations of these walls, the type and strengths of the
materials of which they are constructed (mortar, grout,
concrete and steel), and the reinforcement details (horizontal
steel, vertical steel, and masonry ties for multiple wythe

-
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c:nstruction). A wytha is considered to be (as defined by
' ACI Standard 531-1979) "each continuous vertical section of

a wall, one masonry unit or grouted space in thickness
and 2 in. minimum in thickness."

_

(ii) Describe the construction practices employed in the construction
of these walls and, in particular, their adequacy in preventing

,

sienificant voids or other weaknesses in any mortar, grout, or
-

ccacrate fill. ..

(iii) The re-evaluation report should include detailed justification.

for the criteria used. References to existing codes or test -

.is a may be used if aoolicable for the plant conditions. The
re-evaluation 'should soecifically address the following:

(1) All postulated loads and load combinations should be
evaluateo against the corresponoing re-evaluation
acc20:ance criteria. The re-evaluation should consider
the loads from safety and non-safety-related attachments,
differ 2ntial floor displacement ano thermal effects (or
detailed justification that these can be considered self
limiting ano cannot induce brittle failures), and the
aff2 cts of any potential cracking under dynamic leads.
Describe in occail the methoos used to account for these
factors in the re-evaluation and the adequacy of the

-

2cceptance criceria for both in-plane and out-of-plane loads.

(5) The mecnanism for load transfer into the masonry walls
.

and costuieced failure modes should be reviewed. Fo,r,
.ut tiple wyde walb in which composite behavior is
relied upon, descri e the methods and acceptance criteria
used to assure that %se walls will behave as composite
walls, aspecially inth regard to shear and tension transfer-

at the wythe interfaces. With regard to local loadings such
as piping and equipment support reactions, the acceptance
criteria should assure dat the loads are adequately trans-

-

ferred into the wall, such that any assumptions regarding
the behavior of the walls are appropriate. Include the
potential for block pullout and the necessity for tensile
stress transfer through bond at the wythe interfaces.

3. Existing ten data or conservative assumptions may be used to justify the
re-evaluation acceptance criteria if the criteria are shown to be conser-
vative and applicable for the actual plant conditions. In the absence of
appropriate acceptance criteria a confirmatory masonry wall test program is
required by the NRC in order to quantify the safety margins inherent in the
re-evaluation criteria. Describe in detail *be actions planned and their
schedule to justify the re-evaluation crite- used in Item 2. If a testprogram is necessary, provide your coraitin or such a program and a
schedule for submittal of a description of t..e test program and a schedule
for completion of the program. This test prog im should address all

.

.__. . _ .-.



.. _.__. . . . _ _ .
.

-, .

..
*

.-
. - .

IE Bulletin Ha. 80-11 May 8, 1980
Page 4 of 4

appropriate loads (seismic, tornado, missile, etc.). It is expected that
. the test program will extend beyond the ISO day period allowed for the

other Bulletin actions. Submit the results of the test program upon itsccmpletion.
.

4. ' Submit the information requested in Items 1, 2a, and 3 within 60 days
of the date of this Bulletin. Within 180 days of the date of this Bulletin
submit the information reouested in Item 2b.

,

If in'the course of the re-evaluation, the operability of any safety related
system is in jeopardy, the licensee is expected to meet the applicable technical'

specifications action statement.
-

This information is reouested under the orovisions of 10 CFR 50.54(f).
Accordingly, you are re uested to provide within the time period specified in
Item 4, uritten statements of the above information, signed under oath or
af fi rma tion.

' Reports should be submitted to the Director of the appropriate NRC Regional
Office and a copy snouid be forwarcea to the NRC Office of Inspection and
Enforcement, Division of Reactor Operations Inspection, Washington, D.C. 20555.

The reporting requirements of this dulletin do not preclude nor substitute,

for the applicable requirements to report as set forth in the regulations andlicense.

If you require additional information regarding this matter, please contact
the Director of the appropriace HRC degional Office.

Approved by GAC, 2100255 (R0072); clearance expires 7/31/80. Approvalw$s
given undar a blcnkst cicarance specifically for identified generic problems.

Attachment:
IE Infurcation Notice No. 79-?8

.
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RECENTLY ISSUED .

IE BULLETINS

- Bulletin Subject Date Issued Issued To
No.

~

80-10 Contamination of 5/5/80 All power r~eactor
'

Nonradioactive System and facilities with an
.

Resultinn Potential for OL or CP
Unmonitored, Uncontrolled-

Release to Environment
*

.

.

80-09 Hydramotor Actuator 4/17/80 All power reactor-

22ficiancies operating facilities and
holders of power reactor
construction permits

80-C3 E.xamination of Containment 4/7/80 All power reactors with
Liner Penetration Welds a CP and/or OL no later

- than April 7, 1930
80-07 BUR Jet Pump Assemoly 4/4/80 All GE BWR-3 and

Failure BUR-4 facilities with-

*

ar CL

80-05 Engineered Safety feature 3/13/20 All power reactor .
(EST) Reset Controis facilities with an OL

" - - -

80-05 7acuum Condition Resulting 3/10/80 All PWR power reactor
in Damage io Chamical Volume facilities holding
Centroi Systam (CVCS) Holdup OLs and to those withR.us a CP

79-01S Zavironmental Qualification 2/29/80 All power reactor
of Class IE Equipment facilities with an OL,

80-04 Am11ysis of a PWR Main 2/8/80 All PUR reactor facilities
'

S>. nam Lina Break Uith holding OLs and to those
Can-inued Feedwater nearing licensing
Acuition

80-03 Less of Charcoal From 2/6/80 All holders of Power
Standard Type II, 2 Inch, Reactor OLs and cps

. Tray Adsorber Cells

80-02 Inadequate Quality 1/21/80 All BWR licenses with
Assurance for Nuclear a CP or OL

80-01 Operability of ADS Valve 1/11/80 All BUR power reactor
Pneumatic Supply facilities with and.+

OL

f

I'

--- _ . _ . - . -. ._ - - - . . . , ._, . , - - . - . , . . _ _ _ _-



- -

.

.

~
'

?' - 5 t ~

.fj ks( MM -
*

-
. . .

Attachment 1,

SSIt:5 tio.: 6870
Accession f;o.:

UtilTED STATES 7910250475
;!UCLEAR REGULATORY COMMISSIO!!

'

0FFICE OF ItiSPECTION At:0 EMFORCEMErlT
MASHI!!GTON, D.C. 20555

.Ilovember 16, 1979 ,

,

IE Information !!otice tio. 79-28
,

OVERLOADIriG OF STRUCTURAL ELEMENTS DUE TO PIPl SUPPORT LOADS-

Cascription of Circumstances:
'

ant -

Recently, the iiRC was informed that, in the course of the inspections pursul Electric Co. (PGE)

to IE Eulletin Ho 79-02 and 79-14 by the Portland Genera
~

t have adequate
at the Trojan i!uclear Plant, scme wails were found which did noBechtel
struc: ural strength to sustain the required support reactions.These structural
Corporation was the Architect Engineer for the plant. inadequacies were reported to be attributable to two deficiencies:

Apparent lack of a final check of certain pipe support locations andreactions to ensure that the supporting structural elements possessed.

1)
adequate structural integrity to sustain the required loads.
Inac quata desica criteria for the reactions from supports anchored intoi d strength
the face of concrete block walls; e.g., relying on the comb ne2) the
of douale concrete block walls without positive connection between

.

t between'

two .uils by means other than the bcnd provided by layer of grou
them. i

The :iRC is curr2ntly pursuing these issues in detail for the Trojan fluc pprimplications
Plant to determine the extnet of these deficiencies and the generic
for other Bechtel facilities. ible signif-

This Informa;icn flotice is provided as an early notification of a possIt is expected that recipients will review the information for
,

i formed under'

possible applicability to their facilities and the actins be ng perSpecific action is being requested relating to the
icant matter.

IE 2clictin Ma. 79-02. i fio. 79-02,;

adequacy of attachments to concrete block walls under IE Bullet n?!o specific actions are requested in response to this
If f!RC evaluations so indicate, further licensee actionsIf you have any questions regarding this matter,Revision 2, item 5.c.

Information Motice.

may be requested or required.please contact the Director of the appropriate f;RC Regional O
ffice.

fio written response to this IE Information tLtice is required.

t

.
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