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November 14, 1980
Mr. Boyce H. Grier, Director
Jffice of Inspection and Enforcement -
?ec,mn I . ',"« RS 4
U. 5. Muclear Regulatory Commissicn
621 Park Avenue
Xing of Prussia, Pemnsylvania 19406

Dear Mr. Grier:

Subject: Oyster Creek Nuclear Generating Station
Docket No. 50-219
I. E. Bulletin 80-11

Our letters of July 7, 1380 and September 19, 1980 supplied the preliminary
informaticn as required by I. E. Bulletin 80-1l. In accordance with the request lor
information described in item 2b of the bullotin, the attached represents the majority
of cur response. The final reevaluation of the design adequacy of all identifi
walls to perform their intended function under all postualted loads and load coambinations
is however, nct yet camplete. L

The delay in meeting our original schedule, enclosed in our July 7, 1980 submittal,
is attributed primarily to difficulties encountered in the development of the reevaluation
~riteria. The final reevaluation for all walls will be submitted on or before May 1,
1981. 1If additicnal information or further clarification is needed, please contact
Mr. J. XKnubel of my staff at 201-455-8733.

Very truly yours,

war K

Y Ivan R. Finf
Vice i

P 4
sworn and subscribed to before me this /m“"day of ’l:v-ywl—-—} .+ 1980.
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Notary Public

co: NRC Office of Inspection and Enforcement e
Division of Reactor Operaticns Inspecticn
Washincton, D.C. 2053S.
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Reanalvsis Status

In the sixty day report we had identified forty-seven
safety related walls that were required to be reanalyzed.
Thereafter, for convenience, wall no. 36 nad been
incorporated in wall no. 42. Consequently, there are 46
safecty~-related walls tnat require reanalysis. In the
course of the plant survey, it was determined that minor
pra2emptive modifications o0 19 selacted walls would remove
the potential missile hazard to the vital systems. The
removal of effected sections of these walls will praclude
further reanalysis. However, the reporting requirements
for the Bulletin's 180 day response will still apply. The
slock walls included in this scope are wall no.'s 1, 3, 4,
3, 10, 11, 12, 13, 14, 16, 34, 35, 37, 38, 39, 40, 41, 46
and 47. The praliminary reanalysis of the remaining 27
walls nave been performed. Only wall No. 18 nas been
completaly reanalyzed. The results of the reanalysis will
oe discussed celow. -

Praliminarv Analysis

The results of the praliminary evaluation for twenty seven
walls can be classified in three catagorias.

3. Walls which appear to be difficult to gqualify with-
out some modification. Block walls included 1n this
category are wall no.'s 8, 29 and 30. These walls
nave been reassigned to 2e high priority for
reanalysis.

o. Walls which are marginal. These are walls for which
calculated stresses exceed the allowaole limit wnen
modeled conservatively. These walls are wall no.'s
s, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 42
and 44. With accurate modeling and detailad
r2analysis some of the walls are expected to gqualify.
These walls nave also been reassigned to be aizh
oriority for reanalysis.

c. Walls wnicn should qualify. These are walls for whict
calculated stresses £all near or within the 3allowable
limits even when modeled conservatively. The block

walls in this category are wall no.'s 2, 5, 6, 7, 31,

32, 33, 43: and 45.
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In the f£inal reevaluation of the walls, considera-
tion will be Jiven to the secondary effects such as
penetrations and doorways, attacned equipment
loads, and the effects of higher wall response
modes ceyons the fundamental.

")

inal Reevaluatig&

The results of the final analysis for wall no. 18 show
tnat the calculated stresses are below the allowaole
{see enclosure 3). The mathematical model in this
analysis nad assumed pinned at all four sides of the
#all., The north vertical boundary of the wall is
lnterwoven with nlock wall no. 17. To be consistent
with this design assumption, bdoundary supports will pe
provided at the top and south boundary of the wall.

Reevaluation Criteria

A reevaluation criteria for concrete masonry walls is
provided in enclosure 2.4

This criteria document has been used for evaluation of
the olock .alls. The main topics in this criteria are:
Governing codes, load and load combinations, Materials,
Design allowables, Analytical technigues and alterna-
tive acceptance criteria.

Justification for the Criteria

The jusitification for the criteria for reevaluating the
concrete masonrcy walls 1is in 2nclosure 3.

Genaral Arrangement of Block Walls

The location of the walls including wall identification
aumber, £loor 2levation and the plart structures are
shown in 2nclosure 4.

Configuration of 3lock Walls

For configuration of the walls, specific location and
the type of material see enclosure 5.
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Jnction Oof tne Walls

The functicn of the block walls including the reevalua-
tLion status 1s shown in enclosure S.

3. Floor Response Spectra

The desian floor response spectra for bDlock wall re-
analysis are snown in enclosure 7.

10. construction Practices

Enclosure 9 is the original plant design masonry
specification that outlines the requiremencts for the
material, codes and standards, testing and installation
for the concrete masonry walls.
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Schedula

Enclosure 10 shows the schedula for reevaluation of the
remaining walls., This sghedul2 is based on experiance

to date performing the reanalysis of the concrete Block
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1.0

2.0

3.0

CRITERIA FOR THE RE-EVALUATION
OF CONCRETE MASONRY WALLS
FOR THE

QYSTER CREEK NUCLEAR POWER PLANT

GENERAL

e ————

1.1

1.2

Purpose

This specification is provided to establish design requirements
and criteria for use in re-evaluating the structural adequacy
of concrete block walls as required by NRC IE Bulletin 30-17,
Masonry Wall Design, dated May 8, 1980.

Scope

The re-evaluation shall determine whether the concrete masonry
walls will perform their igtended function under loads anc load
combinations specified herein. Concrete masonry walls not sup-
por+ing safety systems but whose collapse could resul’ in the
loss of required function of safety related equipmen . or systems
shall be evaluated to demonstrate that an SSE, ac~igent or
tarnado load will not cause failure to the extent that functions
of safety related items is impaired. Verification of wall
adequacy shall take into account support condition, global
response of wall, and local transfer of load. Evaiuation of
anchor Holts and ambedments are not considered to be within

the scope of [E Bulletin 80-11.

GOVERNING CODES

For the purposes of re-evalyation, the American Concrete Institute
"8yilding Code Requirements for Concrete Mascnry Structures” (ACI
531-79) will be used except as noted herein.

LOADS AND LOAD COMBINATIONS

The walls shall be evaluated for the following loads.

3.1

Service Load Conditions "

D+R+T+E
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Definition of Terms

D - Dead loads or their related internal moments and forces
including any permanent equipment loads.

2 . Pipe reactions during normal operating or shutdown conditions,
basad on the most critical transient or steady-state conditions.

T - Therma! effects and loads during normal operating or shutdown
conditions, based on the most critical transient or steady-
state conditions.

£ - Loads generated by the operating basis earthquake.

£'- Loads generated by the safe snhutdown earthquake.

4.0 MATERIALS

The project specificaticns indicgte that materials used for the
ser€ormance of the work were orf@inally specified to meet the
following requirements.

4.1

4.2

4.3

4.4

4.8

Concrete Masonry Units
Hollow concrete blocks:
Non load bearing C(C-129
Load bearing c-30
Mortar
ASTM C-270 Type M
Grout
None specified.
Horizontal Joint Reinforcing
Extra heavy "Our-o-wal" - where shown.
8ar Reinforcement

AST™ Designation AlS5, intermediate grade, deformed bars per
AST™M 205. (Grade 40)

: cemputeeh




Stresses

Allowable stresses for the loads and load compinations given in
Section 3.1 will be as given in this section based on the following
compressive strengths:

Hollow Concrete Units fa & 1200 psi (load bearing)
Hollow Concrete Units fa = 400 ssi (non-lcad bearing)
- Mortar ”o = 2500 psi

Seracses in the reinforcement and mascnry shall be computed using
working stress procegures.

*he 31lowable stresses for service lcads given in Section 3.1
shall he the S values given in Tables 1 anc 2 for reinforced and
unrainforced masonry respectively, For walls subjected to thermal
affacts tne allowable stress shall be 1.3 times the S values given
in Tables 1 and 2. The allowable stresses for the factored loads
given in Section 3.2 shall be the J values given in Tables ! and 2
for reinforced and unreinfrced masonry respectively.

-
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Damping

The damping values %0 Se used shall be as folt

Unreinforced walls

bl ol 0
bd @ AB:
e

a‘SSE
Reinforced Walls

4% - 0BE
% - SSE

6.0 ANALYSIS AND DESIGN

6.1

Seructura) Response of Unreinforced Masonry Walls

5.1.1 Out of Plane Effects

The following sequence of analysis methods will be applied.

1. Walls without significant openings shall be assumed to be
a simply suppor®ed beam spanning vertically and/or hori-
zontally and the natural frequency shall be determined.
A fully grouted wall may be evaluated either as an uncracked
wall or if it is grouted it may be assumed that the mortar
joint on the tension side fs cracked and the monent of
inertia calculated by neglecting the mortar any block on
the tension side. If the latter is used the grout core

tensile stress is evaluated.

2. The maximum moment and stress shall be determined Dy
applying a uniform load to the beam. The maximum value
of the uniform load shall be mass times accelerati.. taken
from the response spectrum curve at the appropriate fre-

quency for the fundamental mode.

[f only one mode of

vibration is calculated the moments and stresses shall be
multiplies by 1.05 to account for higher mode effects.

3. If the calculated stresses exceed the allowables or the
wall has a sianificant opening(s) the wall shall be
modeled 3s 3 nlate with appropriate boundary conditions.
For 3 multimode analysis the modal responses shall be com-
bined using the saquare root of the sum of the squares.

4. [f the calculated stresses exceed the allowables and the
wall is multiwythe steps 1,°2 and 3 shall be repeated
using compesite action if the wall contains a verifiable

collar joint.

5. 1€ the calculated stresses axceed the allowabies in step
3 for a single wythe wall and step 4 for a multiwythe
wall the wall will be evaluated for operability.

coemputech
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§.1.3

Frequency Variations in Out of Plane
Uncert.inties in structural frequencies of the masonry wall
resulting from variations in mass, modulus of elasticity,
material and section properties shall be taken into account
by varying the modulus of elasticity as follows:

Ungrouted Walls - 1000fa to 600f+

Grouted aor
Solid Walls - 1200f$ to 300f$

[f the wall frequency using the lower value of £ is on the

. higher frequency side of the peak of the response spectrum

it is considered conservative to use the lower value of E.
[f the wall frequency is on the lower freguency side of the
neak of the response spectrum the peak acceleration shall
be used. If the frequency of the wall using the higher
value of £ is also on the lower freguency side of the peak
the nigher value of E may be used with its appropriate
spectral value provided due consideration is given to
fraquency variations resulting from all possibie boundary
conditions. .

In Plane and OQut of ®lane Effects

Provided both the allowable stress criteria for out of plane
effects and the in plane stress or strain criteria are satis-
fied the walls shall be considered to satisfy the re-evalua-
tion criteria. [f aither criterion is exceeded walls will

be evaluated for operahility.

Stress Calculations

A1l stress calculations shall be performed by conventional
methods prescribed by the Working Stress Design method.
The collar joint shear stress shall be determined Dy the
relationship VQ/Ib.

6.2 Structural Response of Reinforced Masonry Walls

8.

2.

1
i
'

OQut of Plana Effects

The fallowing sequence of analysis methods will be applied.

1. Walls without significant openings will initially be
assumed to be uncrackec and Steps 1 and 2 of Sec. 6.1.)
will be followed. Note that either or both the uncracked
section or the section neglecting the block 2nd mortar on
the tension side may be used. [f the latter is used the
grout ccre tensile stress is evaluated. [f the allcwable
strasses for an unreinforced wall given in Table 2 are

5 .
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axceeded the wall will be assumed to Crack and the
squivalent moment of inertia for a cracked section
jiven in Sec, 6.2.2 snall be used. [f the calculated
stresses exceed the allowables of Taple 1, Step 2
shall be used.

Far walls with openings or those exceeding the
rainforced stress levels in Step 1 the wall shall

be modeled as a plate with aporopriate boundary
conditions assuming the wall is uncracked. See

Step 1 for sectior properties. [f the allowadle
stresses for an unreinforced wall given in Table 2
are exceeded the plate will be assumed to crack and
the squivalent moment of inertia given fn Sec. 6.2.2
shall be used. For a multimode analysis the modal
responses shall be combined using the square root of
the sum of the squares. [f the calculated stresses
axceed the allowables of Table 2 a single wythe wall
wi11 be evaluated for operability; a muitiwythe wall
will be further evaluated using Step 3.

For multiwythe walls where a single wythe of the wall
does not meet the stress criteria in Steps 1 ana 4
Steps 1 and 2 spall be repeated using composite actien
provided the wall contains a verifiable collar joint.

§.2.2 Equivalent Moment of [nertia

6.2.

2.1 Uncracked Condition

The equivalent moment of inertia of an uncracked wall
(I+) shall be obtained from a transformed section con-
sisting of the block, mortar, cell grout or core con-
crete. (Note that a centrally reinforced wall has

the same moment of inertia as an unreinforced section.)
Alternatively if the mortar joint is assumed to crack
or actually cracks the equivalent moment of inertia
may be calculated by neglecting the mortar and block
on the tension side.

.2.2.2 Cracked Condition

¥ the stresses due to all load combinations exceed
the allowables the wall shall be considered to be
cracked. In this event the equivalent moment of
inertia (Ig) shall either De conservatively calculated
from the fully cracked section properties of the wall
or as follows: .



6.2.3
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where:

wcr = Uncracked moment capacity

M

" Applied maximum moment on the wall

It Moment of inertia of transformed section

Icr = Moment of inertia of the cracked section

fr = S value of tensile stress defined in Table 2
muitiplied by 2 for mortar and grout if the
masonry joint is assumed to be cracked.

y = Distance #f neutral plane from tension face

If 1o of Equation 1 is calculated this should be used
over the full length of the wall. If [.. is used this
can be used in the cracked region only.

[f the use of [g results in an applied momemt M3 which
is less than Mcy, then the wall shall be verified for
"ch.

Frequency Variations

Uncertainties in structural frequencies of the masonry

wall resulting from.variations in mass, modulus of elasticity,
material and section properties shall be taken into account

by varying the modulus of elasticity from 1200fm to 800fg.

1t is considered conservative to use the lower value of E

if the wall frequency is on the higher frequency side of

‘the peak response spectrum. [f the wall frequency using

the lower values of E is on the lower fregquency side of
the peak of the response -spectrum the peak acceleration
shall be used. If the frequency of the wall using the
higher value of E is also on the lower frequency side of
te peak the higher value of £ may be used with its ap-
propriate spectral value provided due consideration is
given to freguency variations resulting from all possible
boundary conditions.

M
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In 2lane and Qut of Plane Effe
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Srovided both the allowable stress criteria feor out of
lane effects and the in olane stress or strain criteria
are satisfied the walls shall be considered to satisfy
the re-avaluation criteria. [f aither criterion is
exceeded the walls will be evaluated for operability.
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Stress Calculations

A11 stress calculations shall be performed by conventional
methods prescribed by the Working Strecs Design method.

The collar joint shear stress shall be determined by the
-relationship VQ/Ib for uncracked sections and in the com-
oression zone of cracked sections. The relationship V/bjd
shall 5e used for collar joints in cracked sections Detween
the neutral axis and the tension steel.

Accelerations

For a2 wall spanning between two flcors the envelope of the snectra
for the floor above and below shall be used to determine the stresses
in the walls. '

Interstory Drift Effects o

The magnitude of interstory drift effects shall be determined from
the original dynamic analysis.

In Plane Effects

[ 2 masonry wall is a load bearing structural element shear
stresses shall be evaluated and compared with the allowabie
stresses of Tables 1 and 2.

1€ the wall is an infill panel or non-lcad bearing element, shear
stresses resulting from interstory drift effects will not be
calculated. In this case the imposed interstory deflections of
Sec. 6.4 shall be compared to the displacements calculated from
the following permissible strains for service loads. For
factored loads the stra'ns shall be multiplied by 1.67. The
deflections shall be calculated by multiplying the permissible
strain by the wall heignt.

(1

Unconfined Walls
0.0001

Confined Walls 2)

Y- 0.00ce




An uynconfined wall is attached on one
vertical boundary and its base.

A confined wall is attached in one of the
following ways:

(a) On all four sides.

(B) On the top and bottom of the wall.

(¢} On the top, bottom and one verticail
side of the wall.

(d) On the bottom and two vertical sides
of the wall.

I¥ an infill panel or non-load bearing element is subjected to
both interstory drift effects and shear stresses due to inplane
loads from equipment or piping the following criteria shali apply.

actual inplane shear stress . actual interstory deflection <
allowab @ i1nplane snear stress allowable interstory deflection

A more refined analysis may pe performed if necessary.
Equipment

1 the tota) weight of att®ched equipment is less than 100 1bs.
the effact of the 2quipment on the wall shall be neglected. If
the total weight of the equipment is greater than 100 1bs. the
mass of the equipment shall be added to that of the wall in
calculating the frequency of the wall.

Stresses resulting from each piece of equipment weighing more
than 100 1bs. shall be combined with the wall inertial lcads
using the absolute sum method. The SRSS method may be used
provided its application is justified. i

Stresses resulting from the equipment shall be calculated by
applying a static load consisting of the weight of equipment
multiplied by the peak acceleration of the response spectrum
for the floor level above the wall. [f the frequency of the
squipment is known it may be used to determine the static load.




Distribution 2F Cancentrated Nut of Plane Loads

"

Ream or (One Way Action

for seam action loca] moments and stresses under a
concentrataed load shall be determined using beam theory.
An effactive width of four times the wall thickness shall
be used; however, such moments shall not be taken 3s less
than that for two way plate action.

6§.7.2 Plate or Two Way Action

For plate action local moments and stresses under a
‘concentrated locad shall be determined using appropriate
analytical procedures for plates or determined nimerically
using 3 finite 2lement analysis.

A conservative estimate of the localized moment oer unit
length for plates supported on all edges can be taken as:

M, = 0.4P

1

-

where: ML = Localized moment per unit length (in-1bs/in)
P = Cofcentrated load perpendicular to wall (1bs)

For loads close to an unsupported 2dge the upper limit
moment per unit length can be taken as:

ML = 1.2P
6.7.3 Localized 3lock Pullout
For a concentrated load t =k pullout shall be checked
using the allowable values for unreinforced shear walls

in Table 2. This allowable shall be used for both rein-
forced and unreinforced walls.

7.0 ALTERNATIVE ACCEPTANCE CRITERIA (OPERABILITY)

7.1 Reinforced Masonry
Where bending due to out-of-plane inertial loading causes flexural
stresses in the wall to exceed the allowable stresses for reinforced
walls, the wall can be evaluated by the "energy balance technique”.

7.1.1 Effects on Equipment .

[f the deflection calculated by the energy balance technigue
exceeds three times the yield deflection, the resulting de-
flection shall be multipiied by a factor of 2 and a determi-
nation made as to whether such factored displacements would

(3¢)
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adversely impact the function of safety-related systems
attached and/or adjacent to the wall.

7.1.2 Effects on Walls

The maximum deflection in the wall due to out-of-plane
inertia loading shall be limited to 5 times the yield
displacement. The yield displacement shall be calculated
by reinforced concrete ultimate strength theory, and the
masonry compression stresses of 0.85f  Dbased on a rec-
tangular stress distribution shall be used.

Unreinforced Masonry

When, due to out-of-plane loading, the allowable stresses for
unreinforced masonry are exceeded, the arching theory for masonry
walls may be used to measure the capacity of the walls. Oue
regard must be paid to the boundary conditions.

7.2.1 Limiting Deflection

The deflection of the three hinged arch could be determined
by assuming that the arch mempers are analogous to regular
compressiun membersgin a truss. The method of virtual work
(unit load metnod) may be used to compute the deflection at
the arch interior hinge. The calculated deflection should
not be more than 0.3T where the "T" is the thickness of the
wall. A determination should be made as to whether such
calculated displacements would adversely impact the function
of safety-related systems attached and/or adjacent to the
wall.

7.2.2 Allowable Stresses

The total resistance of the wall (f ) shall be calculated
using the following stresses:

I. Tensile stress through the assumed tension crack shall
be /%% for grouted walls or f, for ungrouted wails.

I1. The crushing stress of block material = 0.85fﬁ.
By applying a factor of safety of 1.5 to the total resistance

{¥ ) as calculated above, the allowable load on the wall is
limited to f /1.5.

~4
ra
L

Boundary Supports

The boundary supports should be’checked if they are capable
of transmitting the reaction forces applied to them. The
effpct of support stiffness on the reaction forces should
be considered.

— — "XA
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Tabie Allowable Stresses in Reinforced Masenry
3 g
Allowable Maximum Allowable Maximum
Qescriptio pst) psi (psi (psi)
compressive i {
‘ "~ | '
Axfal” ’ 3.22‘5 ' 1000 g O.Sdfm { 2000
M - ' i el ala) 1 & AT
Flexural | J.JE-‘m | 1200 | 0.351"“ | 24CC
' | i i
| Bearing ? ; j }
. On full area | 0.25F. | 900 | o0.e2f, | 1800
| On one-thirgd area O.STSFa 1200 i 0.95F5 2400
or less \
Shear |
] &) g 50 1.7 [F: 73
Flexura] members’ 1 # 50 . :
11 (3,8) '
Shear Walls!i3:%
Masonry Takes Shear ﬂ
! " " .‘l 1'. f!
M/ a1 0.9 - 34 5 - 56
M/id = 0 2.0 f% 74 3.4 fé 123
Reinforcement Takes
Shear
M/VaZ ] 1.5 /¢! 75 2.5 /¢! 125
n m
M/ ld= 0 2.0 /f‘ 120 3.4 /F 180
, ym m
Reinforcement
8ond }
@ Plain Bars | 60 . 30
i - Deformed 3ars | | 140 186
' l
Tension g
|
| Grade 40 | | 20,000 0.9F
| | {
| Grade 60 i | 24,000 i 0.9F,
| 1 T |
Joint Wire | ¢ LSF " 30,000 | v Q.9F
. ; } J q l Y
| Compression | | 0.4F [ | 0.9F

——— — ——————————————"
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Ares assumed effective in 'lexural compression,
forcgnormal 1o face

Net bedded area shall be used with these stresses

(4) For M/Vd values between 0 and | interpolate between the values

given for Q and 1.
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Table 2: owable Stresses in Unrainforced Masonry
? S y :
. Allowable | Maximum Allowable | Maximum |
| Cescription (psi) (psi) (psi] (psi)
|

[ | | ' | ‘.
Compressive ! ' | ;
1 | | L} |
11\ ! ! { e 8 :

Axial' ’ | 0.22f' { 1000 | 0.44f7 | 2000
‘ i m \ | m | v‘
1 - | ooy i AL s | i

| Flexural | 0.3 M 1 1200 | 0.85f | 3000
2395r‘ﬂ ; i | ! 1
i e R | | ] }
| g ! ! | |
. ‘ ; ‘ .
On full area E 0.28F ; 300 o 0.8ef 2230 E
‘ | l | Ao | = !
| On ore-third area or less | Q.375fF; 1200 ! O.:Er“ | 3C00 ,
| " ] i \
1 ! i
| Shear \ i
{ ,’2 3\ } !
Flexura) members' =*' ~' 1 /! | 1.7 Jf! 7 '
2 s s o 50 | . s 1
| (2) pas | \!

Shear walls

| Tension

Grout Core

join

Lollar

oY

S

Hollow units

Hollow units

Solid or grouted

Solid or grouted

Normal to bed joints

Parallel to bed joints

(4)
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34

40
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30
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51

67

34
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T 3 1 b ohes ] .‘.-'. > [} o\ - 2
"hesa valu@s shouid oe nultiniied by (1 = \33%/ !/ i¥ the wall has 3

Usa net bedded area with these stresses.

ar stacked 2ond construction use two-thirds of the values specified.
ar stacked bdond construction use two-thirds of the values specified
for tension normal to the bed joints in the head joints of stacked
bgnd construction.
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CRITERIA FOR THE RE-EVALUATION

OF CONCRETE MASONRY WALLS

GENERAL

The specification is provided to estabiish design requirements and
critaria for use in re-evaluating the structural adequacy of concrete bdlock
walls in nuclear power plants. DOirect reference %0 building code criteria
was not used for the following reasons:

1) The definition of the magnitude of seismic loads in building
codes is diffarent than that used in nuclear power plants. In
building codes damping, ductility, site effects and framing
systems are factored into tqs seismic design base shear force.
In nuclear power plants these factors are considered explicitly
in the design of components.

2) Building code allowable stresses do not consider two levels of
earthauake ground motion and the magnitude of the ground motion
included in the building code design spectrum is not explicit.

3) Factors such as damping, analysis procedures, effect of attached
equipment, two levels of allowable stresses, operability and
frequency variations are not considered in building codes.

Thus the specificaticn was developed to address the problems unique
to nuclear power plants.

GOVERNING COCES

Ac noted in Sec. 1 the specification covers most of the factors unigue
to nuclear power plants. Items nct explicitly covered by the specification
will be governed by the American (oncreze Institute "Suilding Code
Requirsments for Concrete Mascnry Structures’. ACI-331(29). This code
incarooratas most of the recent research data available on concrete

masonry.
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Thesa are in conformance with the slant FSAR and are in accorcance with

the design of all structural elements.

MATERIALS

The project specifications indicate that materials used for the per-
farmance of the work were originally specified to meet the requirements
given in this section.

DESIGN ALLOWABLES

The design allowable stresses given in Tables 1 and 2 are based on
f% the prism compressive strength, M the mortar compressive strength or
§ +the steel yield strength. The morgar compressive strength is based on

:ge nimimun specified compressive st;;nqth of ASTM C-270. The concrete
slock unit compressive strength is based on the applicable ASTM Standard -
AST™™ £-30 for hollow units, ASTM C-145 for solid ynits and ASTM C-129 for
nollow non-load bearing units. The steel yield strength is based on the
specified grade of the steel.

The prism compressive strength fﬁ is based on the specified values
given in Table 4-3 of ACI 531-79. This Table provides a conservative
astimate of f& hased on the mortar and concrete block unit compressive
strengtns. The minimum ASTM specified values of these variables was
ysed in detarmining the conservative estimate of fﬁ'

ALLOWABLE STRESSES

The justification for the allowable stresses of Tables 1 and 2
follows.



o

AYTAL COMPRESSION (Reinforced and Unreinforced)

A

The following discussion of test results has been extracted from

of Load 3earing Concrete Masonry.

The objective was to develop reasonable and safe engineering design
criteria for nonreinforced concrete maseonry based on all existing data.
A review in 1967 of the compilation of all available test data on compres-
sive strength of concrete masonry walls did not, according to scme, provide
3y syitable relationship between wall strength and slenderness ratio. From
3 more recant analysis, it was noted in many of the 418 individual pieces
of data that either the masonry units or mortar, or in some cases, both
units and mortar, did not comply with the minimum strength requirements
actablished for the materials permitted for use in "Engineered Concrete
Masonry" construction. Accordingly, it was decided to re-examine the data,
discarding all tests which included materials that did not comply with
the following minimum requirements:

Material Compressive Strength
Solid units 1000 psi

Hollow units 600 psi (gross)
Mortar 700 psi

Also aliminated from the new corrslation were walls with a sienderness
ratin of less than 5; walls with h/t ratio less than 5 were considered to
se in the cateqery of "prisms." For svaluation of slenderness reduction
eritaria, only axially loaded walls were used. The data that was available
consistad of tests on 153 axially loaded walls with h/t ratio ranging
netween 5 and 18. With this as a starting point, the data were analyzed
assuming that the carabolic slenderness reductfon function, (1 - (3%5)3},
is valid.

3asic squation used %o evaluate the test data was:

L

the commentary to the N CMA Specification for the Design and Construction
:
|



T -
£
race* = .
— - = C, xS.f (2)
£ (1 - (<2 v 3y
46//
E. X S.F. = X (3)
o
whers
‘% = Assumed masonry strength, net area, based on strength
of units
€'es* = Net area compressive strength of panel
N

S.F. = Safety factor

CO = Strength reduction coefficient
h = Height of specimen, inches
t = Thickness of specimen, inches

Net area used in the above formulae is net area of the masonry, and
does not distinguish between type of mortar bedding. In the evaluation,
mortar strength was assumed to be constant and was not considered as a
significant influence on wall strength.

[t was determined that the objective of reasonable and safe criteria
would be met if 30% of the "X" values were greater than the K value
selected and gave a minimum safety factor of 3. Accordingly, the K
values were listed in ascending order and the vdlue satisfying the
above conditions was K = .510 for the 153 tests as seen from Table 3.

Thersfore, from aguation [3):
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»
o
1
"
o~

la)

" :ﬁ_‘ig 0.208
This value, 0.205, agrees very closely with the coefficient 0.20
wnich nad been used for a numper of years with reinforced masonry design.

An analysis of the safety factors present with the formula:

¢ o= 0.205f, (1- =)
indicates the following:

Safety factor greater than 3 is available in 93% of the tests;
greater than 4 in 51% of the tasts; greater than 5 in 13% of the tasts,
and greater than § in 5% of the tes®s.

In ACI 531 the factor of 0.20 was increased to 0.225. The reccmmended
value of 0.22 for unfactored loads has factors of safety comparable to
those given above. DOoubiing this value for the factored loads was
deemed reasonable and gives a factor of safety of 1.5 for 33% of all
tasts performed. Although the derivation given is for unreinforced

walls the same values are recommended far reinforced walls.

-
-
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ELZXURAL COMPRESSION (Reinforcea and Jnreinforced)

1t is assumed that masonry can develop 353 of its specified
-ompressive strength at any section. The recommended procedure for
caleulating the flexural strengtn af a section is the working stress
orocedure, wnich assumes a triangular distribution of strain.

Zor normal loads an allowabie stress of 0.33 f& nas a factor of
safaty of 2.5 for the peak stress, which only exists at the extreme
¢inre of the unit and has Deen used in practice for many years. The
recommended value for factored loads also only exists at the extreme
fispe and is the value recommended in the ATC-3-06 provisions.

3EARING (Reinforced and Unreinforced)

These values for normal loads are taken directly from the ACI
code. The value recommended for factored loads is the value
racommended in the ATC-3-06 proygsion.

SHEAR (Reinforced)

Two major test programs have evaluaied the shear strength on
concrete biock masonry walls. The first was performed oy Schneider
and his test results were used as the basis for developing the UBC,
NCMA and AC! code allowable stresses for reinforced masonry.

A more recent and 2xtensive test program has been performed at
she University of California, Berkeley and these results will be used
as a comparison with the code allowables. The tast results are
shown in Figure 2 and lower bound values are indicated for rein-
faorcement taking all the shear and masonry taking all the shear.
These are compared to the allowables recommended for unfactored and
factored loads in Table 4.




cor the unfactored loads the factor of safety

ar the factored icads tne factor

-

saries from 2.22 to 3.0.

safety varies from

4

The ductility indicator associated with stress levels for

loads is of the order of 3

Taple 4:

Comparison of Test Restuls and Code

which orovides an added factor

- : ] ”~
|.¢0 €O 4.70-

the factored
of safety.

Allowables

| | | Test | Tests | Tests |
Description S ; J ' Resuits | S | U i
! i i ! !
? ' : 1 |
Masonry Takes Shear ; ‘ ; { g |
| : ' f i |
Mg = ] 3 v | 1.8 /F | 2Jf 12.22 | 1.33 |
/fu = | ¥ J.; fm | ].a m ; - mn i22 5 3 :
' | ! | |
M/Vd = 0 ' 3.4 fF| 5 /f 1250 (.47
/\d ‘ 2.0 /fq | 3 fm | 5¢'m i 2.50 i 1.47 @
. - : | . ) i ‘ |
Qeinforcement Takes thear ; ; ; ' i !
' ' { ! |
M/} 1 £ |2 ' ' T 1 1.
/4 = !1.5 - | 3’/‘fm'§ 0 |1.20 |
i | | | 1 1
M/ = I 2 | £ | £ | < } 1 !’_'f |
M/Vd = 0 | 0 /1 &AJ“! GJM i30 3116;
' ]
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SHEAR (Unreinforced)

s

PATRAR ST AN
.ul ‘i Cu\.u I adiY

The oresent literature on shear strength capability varies
greatly on the 2pproach Jsad +o detarmine acceptable values and %0
some extent, the controversay over thesa approaches and interpre-
sation of the resylts. DOebats, on the applicapility of model or
£511 size tests and the effects of monotonic versus cyclic loading
further seems to complicate this resolution.

Much of the affort to define a permissible in-plane snear
stress may be somewnat academic, in that the normal case for
unreinforced walls being used in auclear plant structures, the
nature of tne shear is one of being forced on the structural panel
as a result of being confined by the building frame and not one of
depending on the panel to transmit building shear forces. This
forced drift or displacement redults in  shear stresses and strains,
but because of the complex interaction Detween the panel and the
confining structural elements strain or displacement is a more
meaningful index for qualifying the in-plane performance of the
panel. The arsa of in-plane strains is being addressed in another
committee report.

The most extensive review oOn sqear strength literature appears
to have been done by Mayes, et al, and published in Earthquake
Engineering Research Center Report EERC No. 75-15 which was done
for both brick and masonry block.

This report attempts to summarize some of the findings that
appear %o be pertinent towards defining permissible shear stress
values that can e used for reevaluation of the non reinforced
concrets masenry.

SUMMARY

2.3
The shear value of 0.9 /@% orovided 3y the ACI-531-79

cade for reinforced masonry appear to De reasonabie basis on which
+5 orocsed with the reevaluation program. This value appears to
conservatively bound the actual expected snear strength of concrete

13
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masonry. A summary of several different sources for shear
-3

) % i
[

1Y

gs-design values is shown 2y Taple 5. An increase in these

v

allowable values for the re-avaluation program of I.BSV/?;.far
savere loading conditions appears warranted. Any further increase
at this time without furtner substantiation and review is not seen
as advisable.

DISCUSSICON

e e——

A numper of tasts have been identified as »eing the primary
sasis for permissible shear stress values in both National Concrete
Masonry Asscciation (NCMA) "Specification for the Design and
canstruction of Load-Bearing Concrete Masonry' “»® and the American
Concret2 Institute Standard “8uilding Code Requirements for Concrete
Masonry Structures” (ACI-531-79). %*»* No apparent tests are
sraceable to the origin of the Uniform 8uilding Code (UBC) chapter
24 on "Masonry."® *

Those tests performed to substantiate the NCMA values are
primarily performed by the National Bureau of Standards (NBS) on
ful1 size (4 £t by 8 ft, and 8 ft by 8 £t) test panels. These
tasts were performed by Whittemore, et al and Fishburn®?® within the
period 1939 to 1961. The Whittemore tests were done, as usual in
that period, utilizing a nold down detail and thereby introducing
a clamping or compressive stress within the assemblage. ~ A numoer
of studies have shown that compressive stresses affect the shear
strengtn significantiy. The Fisnburn tests, utilize a racking
configuration with the testing being performed on the pane! in its
original laid up position. A load setting up principal tension
stress causing failure is an accepted measure of shear stress
detarmination Dy the American Society of Testing Material for
srickwork.*! The test resylts from the above references used Dy
NCMA are shown on Table 8.

The principal tests that seem o formulate the ACI 331 basis
are =ne tests performea on ~oncrete masonry piers for Masonry
Researcn of Los Angeles, Dy Schneider.'? These tasts had a system
énr removing the compressive load on the specimen Seing loaded Dy

14



ratio and measure this

shear and were set uD to vary tne a/d (M/V3)

affact on a carametric basis.
The two 2redominant failure moces of a masonry panel under shear

' £3ilyre) and shear bond

are diagonal tansion (causing a “splitting
(causing 3 "joint separation" failure) or some compination of these
two offects. The theory senind these were elaboratad on by Yokel

et al.>? The parameter of normal stress and its effects on a shear
strength, which was also reviewed By Yokel** and Mayes®,'*, has Deen
+3 be consaquential on the determination of actual
parametar is not identified, tcaay,

demonstratad
shear stress capability. This
oy any of the ~adesi»*+511%:1% shown in Table 3.

1+ i3 axpected that under Zero oOr small comoressive loads the
failure will bSe by the shear hond mode of failure.
done with regard to the detarmination of joint
as well as Hamid,

predcominate shear
Tests which nhave Deen
separation were performed Dy Coq;land and Saxer,'’
13 Thesa tasts are, by their nature, extremely sensitive 0
normal stress and consequently do relate the affects of normal stress
an termissable shear values. This relationsnip is shown on Table S.
1+ is of interest that there appears to be goocd correlation Detween

+ne shear strength with zero normal stress.

these tests on t
The Applied Technology Council (ATC) is presently reviewing a

the shear stress as 2 function of normal

at al.

farmulation for increasing
strass. This formulation is developed to coincide with their present
permissibie shear stress of 12 psi and is consistent with the UBC's

fundamental direction as a design code, forcing reinforcing for

seismicly designed masonry structures.
As 3 practical matter, walls subject %o the conditions of

+i11 experience large compressive loads - although

Comprassive loads for the most

sart, imparted by boundary canditions and benavior of the building
frame are ignored in the gvaluation of the, masonry panel. If
s+resses are added the shear resistance would oe

This implies a conservatism on the allowable shear

increasad.
value when one assumes snis value as chosen on the basis of zero

confinement
rhese are 4ifficult to determine.

et

these normal




normal stress. On this sasis, and the tests results discussed, the
snear value af Z.EV/;:-:rcsen oy tne ACI code appears to de justified
a~3 should be established as 3 reasonable basis dy wnich t0 proceed
with the re-evaluation.

Qut of plane, or sO called flexural shear is defined by the code
as equalling ]']v/f;f- The derivation of this value is analogous to
se permissible shear valye of concrete , disregarding any reinforce-
ment, of 1.1 .;. Although this is somewnate different (there is no
+ansion steel Dy wn? ich to detarmine the appropriate j d4istance), the
actual value is a mute soint since tansion will be the critical
value for determining sut-of-plane acceptability 0f a flexural memper.

3ecause of the nature of the stresses, however, and the various
concerns with regard to she corractness of interpretation of the
affects on boundary conditions as well as such conditions as: actual
mortar properties; absorbtivity of the mortar; confinement or lack
of it on the test specimen duriflg test; arrangement and effect of
actual load, it does not seem warranted to increase these stresses
beyond a value of (’ §x0.9 € ) This value is consistent
with an adequate me.3in of safety for both the full panel wall test
specimens referenced and the shear tond values observed by test. Any
additional increase in the snear stress values for nonreinforced
masonry under extreme snvironmental lcads is not recommended at tnis
time.

(S 1)



TABLE 2

SUMMARY - UNGROUTED MASONRY

Source Date
| ———— — | ——— —
ACI-531 ° 7
WMCA 79
UsC 6 79
S -
ATC 1=06 78
uMasonry Proposed
Society
: , 18
Hamid, et al 79

Copeland/Saxen 17 LA

12/10*

. 1. Pox

- %/CH! (ficted)

(1) Values bHased on inspected workmanship

O = compressive stress,

-
~3

Remari«s
| e co———

M/VD > 1

Type M or S Motor

Type N Mortar

Based on NBS tests
(eirea 19.9-1961)

Type M or S/N Mortar
#12 psi for solid umits

Lightweight units limited

to 35 percent shear value
*heing proposed for -c-prcssxvc
stresses bDetween 0 and 120 psi

a/l 1
May Se increased by 0.20 ¢
(duc to dead load)

Ultimate value based on
type § morctar

Ultimate value based on
2630 compressive mortar
strength



TABLE 5 RACKING TEST DATA--NONREINFORCED CONCRETE MASONRY WALLS<Z>

Ultimate Racking

Mortar Load, psi, Net s.F.
Construction Tvpe Mortar Bedded Area Act./Allow Ref.
8" Hollow Units N 46 2.87 7
N 58 2.52 7
N 57 2.48 7
A" J=Core Hollow N 53 3.00 3
N 52 2.70 3
k| 78 3.39 8
8" Hollow Units R 79 3,43 10
N 79 3.643 10
N 73 .17 10
N 119 8:17 10
N 129. 5.61 10
N 109 4,74 10
S 132 3.88 10
S 139 4.09 10
S 129 3.79 10
S 159 4,68 10
S 132 3.88 10
S 159 4.58 10
4=2-4 Cavity Wall M 103 3.03 9
of Hollow Units M 108 3.18 2
M 192 3.00 9
Avg = 3.65

Range = 2.48 - 5.61

@ From Reference 5
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FOR SHEAR (Uareinforced)
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A, Normal to the Bed Joint

A-summary of the static monotonic tasts performed to determine
code allowable stress far tension normal to the Ded joint was given
in the NCMA Specifications.

stresses for tension in flexure are related to the type of mertar
ané the type of unit (hollow or solid). Research ysed to arrive at
allowable stresses for tensicn in flexure in the veritcal span (i.e.
sansion serpendicular to the 2ed joints) consisted af 27 flexural
tests of uniformiy-loaced single-wythe walls of hollow units. These
monotonic tests were made in accordance with AS™ E 72, Table 7
summarizes the test results.

Fram Table 7 the average nodulus of rupture for walls built
with Types M and S mortar is 93 psi on net area. For Type N mortar,
the value is 84 psi. Applying 2 safety factor of four (&) to these
values results in allowadble stresses for hollow units as follows:

Mortar Type Allowable Tension 'n Flexure
M&S 23 psi
N 16 psi

These values are consistent with those oublished in the 1970
ACI Committee 531 Report and which have heen only slightly altered
in ACI 331-79 Code.

Based upon these tests the minimum fictors of safey for each
mor<ar type are:

Mgrtar Type Factor of Safety
M 3.87
< 2.80
N 2.81

to astabl sh allowable tensile stresses for walls of solid
snits, the 3-inch composite walls in Table 8 were used. These walls,
comoosed of 4-inch concrete drick and 3-inch hollow block, were
jreater than 757 solid, and thus were avaluated as solid masonry

20



sanstruction. Modulus of rupture ‘grass area) for these walls

averaged 13
factor of & is apelied. The composite wall tests in Table 8 used Type

7 psi, giving an 31lowable stress of 39 ssi when a safaty

$ mortar. To establisn allowaple stresses for solid units with Type N
mor%ar, the mortar influenca astablished previousiy for nollow units

was used:

. £ s 27 psi

I

-t 0D
o Lo
- |t

w0

The minimum factor of safety for these tests for Tyoe S mortar was
2.33.

Recent dynamic tests have teen performed at 3erkeley and the values
af tension obtained at cracking at the mid-heignht of the walls are as
¢ollows: 13 psi; 20 psi; 23 psi; 27 psi.

The reccmmended values nave a factor of safety of 2.3 with respect
=5 the lower bound of tne stat&s tests for tne unfactored loads and are
sowards the lower limit of the initiation of ¢cracking for the dynamic
tasts. An increase of 1.67 appeared reasnnacie for factored loads based

on the static tests.
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AL -
FLEXURAL STRINCTH==SINCLE WYTHI WALLS OF HOLLOW UNITS=-

TEmARMSr T AN R e e b
DNIFOR! LOAD==VERlialad SPAN

! Morsar Type | [
Propersicn [ Modulus of Rupture
ASDY C 270 psi, Net Area Referecce
M | b § 10
M 108 . NCMA
M 10 10
M 87 10
M 95 NOMA
S 54 ' NCQMA
M 21 NOMA
M 8% ; NDMA
N 88 -
s 8 19
S 83 NCA
S ® 81 10
S 75 g RCOMA
~ s 69 NCA
o ] 67 4
N 62 4
S 60 10
N 58 4
N 45 4
0 60 10
0 4l 4
(o} 36 4
0 36 4
o] 33 4
o] 2 4
0 30 10
0 27 4
\ 3
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TASLE S TLINURAL STRINGLE,

FROYM TESTS AT NCNA LABCRAICRI

— et S8 A

MASQNR

v

WALLS

i wall
o ' { | Modulus of Rusture
\ ! ‘ | | Net
: l Max. g Ner | | Merzar
‘ASZ:X 1 Neminal ‘ ¢ Unifotm ! Sectican | Gross | Bedded
Merear | Thickness | Load ‘ Mod.lus Area, | Area,
! ia. | psf. in 3/8&c psi psi

Monewyzhe Walls of lollow Unic

X e 85.15 ‘ 80.97 81.74 i ge.73
- 8 87.10 30.37 63.15 |  90.76
M 8 91.00 80.87 65.97 |  94.82
¥ 3 103.3% ! 30.37 74.93 | 107.89
s B 62.40 | 80.97 45.26 | 69.47
s E} 72.18 80.97 $2.31 |  75.18
5 12 123.3 164 .64 57.11 93.9
s 12 161.2 \ © 164 .64 l $0.22 82.62
Cemposite Walls of Concrete Brick & Hellow QW
s .. ~ 8 222.3 103.82 ' 161.16 & 180.87
s 3 219.7 103.82 | 159.29 178.55 |
5 3 187.2 “78.16 | 135.72 202.09 |
s 8 228.8 103.82 | 165.88 185.95 |
s 8 218.4 78.16 $8.34 235.77 |
s 3 ‘ 223.6 78.15 ! 162.11 261.38 !
1 s | 12 ; 171.6 129.83 | 53.46 103.5S !
‘ s 2 12 g 150.8 ; 139.83 | 46.98 91.00 |
s 1 12 ‘ 156.0 139.83 | 48.50 94.14 |
{ s | 12 | 213.2 139.83 | 66.42 128.66 |
1
E Cavicy Walls
1 : ; [ )
| S | 10 | 98.8 | .50.36 | 158.62 165.55 !
i S l 10 . 156.0 | . 50.36 | 250.44 261.38 !
| s i 10 t 88.4 ! 48.16 | 141.91 154.88 |
| S i 10 f 119.5 50.26 ! 192.01 280.40 :
e 0, | 6.6 | 50.26 | 183.8¢  1%1.63
S 10 | 109.2 48.16 | 175.30 191.32
5 | 12(4=b=d) 145.5 50.36 | 233.72 243,95
| S i 1;(;-;-92 f 145.6 50.36 | 223.73 :f:.ga
S , 12(6=2-4) 125.2 : 77.80 | 127.38 146.63 °
| S i 12(6=2~4) 119.5 g 77.80 | 112.68 129,7C °
' | ' | ! i
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3. Tansion Parallel to 3ed Joints

Jaiues for allowable tension in #laxure for walls supported in the
norizontal span are establisned 3y doubling the allowables in tne
sertical span. While it is recognized that flexural tensile strength of
~alls sganning horizontally is more 3 function of unit strength than
mortar, it i¢ conservative to use double the vertical span values. Table
3 1ists a sunmary of all sublished tests and indicates an average safaty
éactor of 5.3 for the 43 walls =antaining no joint reinforcement and 5.6
for the 13 walls containing joint reinforcement.

1« i5 important to nota that the factor of safety for those walls
loaded 3t the guarter points, Reference (5), have an average factor of
safety of 2.02 with a minimum value of 1.22, while those loaded at the
center had an average factor of safety of 6.08 with a minimum value of
3.53. However, it shoula be noted that the values tasteg at the % points
were 31so tested it 15 days. .

The results associated with the early date of testing and the use
of quarter point loading are difficult to explain other than to state they
are at variance with all other test results.

An increase in the allowable by a factor of 1.57 is recommended for
factored loads. The committee believes that the recommended values could
he increased because of the larger factors of safety in the test results;
however the value of 1.67 was chosen to he compatible with the increase in
other stresses for ynreinfarcad masonry.

The values recommended for stack sonded construction although at
sariance with current building codes (which allow zero) are thought o se
reasonable values for a reevaluation program. In 2 test program performed
Dy pcali) a norizontally spanning stack bonded wall had 1/, the capacity
of an equivalent wall laid in running sond. The recommend- - values are in
sccordance with this test data. f1.e. two-thirds of the value normal to
+he bed joint is eguivalent toO /4 the values recommended for parallal %o
the ced joint. .

Refarenca:
') pgreland Cement Association, "Load Tests of Patterened Concrete
Masonry #alls, " Trowel Talk an 3id to Masonry Industry, 1963.

24



TAZLE ?

ey 4y S Sy
F O L e
AP S A A e A -
S eetweme wwatwasa - b

.- Rl A Ll 4 DA
uv?- ..... o SPH..-.

&
WALLS

Consarucsion

n o

Modulus
- P

- -
Rupsure
i

ATe2, SSi

Monewyshe 8" i
Hollow, 3=Caore

Mancwrohe 27
Boilew, Joias |
Reins. @ 16 iz.cc

N:novy'%c g"
Hellew Jein : @

[Reinf. @ 8 in.cc

i

an -
Monowyche 8
Hellew

18" Monowyche |
iHollow, 2=Core |

|

42l Cavicy !

fwa.-. Hollow i
i

iUnics

8" Monowy:the
iHoll:w e=Cor
Joint Ra.

g 3"ee
14-2-; Cavigy of
HC‘:;u\ Uaics Tied

-
niame T 2 o
[WiJeint Re. 2 &

U - A

=KX

- -
e e

1/4
"

"

Ceater
"

”

199
176
151

111
135
2g

v -

159

3359 |

192
139

159
e

Aa? !

- ————  — — . A S—————— . — . - —————— ———— ol v v s re—— i w——n= ] -

176 1

=
~3
(o]

FaTE I O L Pl o O R O SR o

» e r >

L 1D b b
. .

O 1)W1 W

OM B

@ oy O v OF O

L ———— —— ———

w o e
. .
O "N

.
b~

——

O Wnn W~

W
e

W

oo

v O
- - . -
Anin n W~ -
203 M
PR RS
Oy O

- —————————— ——— — - — — - ——

-




-
Construttios

&" Rellew
MMonewysthe

8" Hollow
Moncwythe

8" Bollew
Monowvche

8" Bollow
Monowythe

8" Esllew
Fcncvy:he

E" Hollow
~encwythe

8" Bollew
Monciumythe

12" Hollow
oneuwytha

O 0o

"
R
N

"
"

"

oo
\‘ B | .LJ

~ O~ O
O n
O wn O 0 O

o~
. - .
L O -
=

[ O S

b+ 0

O 8

as

)
-

a3

a3
23
2s

23
23
a3

-
-

as
25

23
23

-~
-

25
23

-
-

23

)
235

23

9

-~

9
-

—————— — ———— e, " ——— " ——— " " —— P ———. w———



L
.

w“h

-

m

AR AND TENSILS 30ND STRENGTH OF MASONRY COLLAR JOINT

he collar joint shear inc sensile Sond strength 1s a major

factor in the benavior of muliti-wythe masonry construction, narticulariy
Nith resnect to weak axis bending. A widely statad position is that
éor composite construction the zollar joint must De completely filled
with mortar. However, even if this jeint is filled, there must be

3 transfer of shearing stress across this joint without significant
s1ip in order for full compesite interaction of the muitipie wythes

t5 be realized. Since the ¢cracking strengtn, moment of 1nertia, and
J1timate flexural strength, of the wall cross section are significantly
influenced by the interaction of multinle wythes, it is crucial ¢
sstaplish the collar joint shear bord strength.

The only applicable published data on the shear bord strength
of collar joints is that determined by 3echtel on the “rojan Nuclear
Sower Plant. A number of 1/#® collar ioints were tested and the
accaptad NRC allowable for the snear bond strengtn was 12 psi.
asad on this information 12 psi is the recommended value for factorad
1oads.

There is conflicting data available on the relationship detween
+he shear and tensile bond strengths. [n most tests performed on
nortar bed joints (couplet tests) the shear sond strength was
approximately twice the tensile bond strength. In a more recent
methed of evaluation Dy means of centrifugal force the shear bond
strength was found to be 50% of the tensile bond strength. The
authors of the report ~onsider tne test procedure O be an improve-
ment over present methods since joint precompression is essentially
aliminated as a result of the tasting procedure.

3ecause of the conflict in the test data the committee
racommended that the values for tensile bond strength be the same
as for shear bond.

Unless metal ties are used it closely spaced intervais (less
shan 16 incnes on center) it is recommended that their contribution
+o snear and tensile bond strength be neglected.
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Refarance:

(1) Hatzinkolas, M., Longworth, J., and Wararuk, J., "Evaluation
of Tensile 3ond and Shear 3ond of Masonry by Means of
Centrifugal Force,” Alberta Masonry Institute, Edmonton,
Alberta.

30ND (reinforced)

Values for sond stress are taken directly from the ACI Code. Due
to the sensitivity of workmanship, degradation under cyelic load and
the implicaticns of a bond mode of failure it is recommended that these
values be increased 5y 33 1/3% for factored loads.

GROUT CORE TENSILE STRESS

The tensile value vecmnqsnded for the grout core tensile stress
is taken from ACI 113 for concrete witn a factor of safety of three.
An increase of 1.67 was deemed reasonable for the factored loads.

DAMPING

The damping values for unreinforced walls are based on Jjudgment
and include a differantiation for the OBE and SSE force levels. This
is based on the premise that damping increases as the stress level
increases.

The damping values for reinforced walls are bdased on the accepted
values for reinforced concrete.

Thers is no test data available in the literature to valicate or
refute these damping values.

ANALYSIS AND JESIGN

STRUCTURAL RESPONSE OF UNREINFORCED WALLS,
JUT OF PLANE EFFECTS

The steps given in this section provide a logical conservative
avaluyation methodology %o determine the stress levels in a masonry wail
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sutiected to out of plane forces. The first two steps orovide a lower
scund astimate on the frequency of the wall since it assumes tne wall
spans in only one direction. For 2 wall with two or more sices capable
of acting as boundaries the stresses resulting from one way or beam
action will be conservative comparsd to those obtained from a more
rigerous plate analysis.

[f the stresses resulting from the analysis axceed the allcwable
stressas or the wall contains significant spenings the beam analysis 1s
not agorspriate and the full affect of the actual Soundary congiticns
must he accounted for in a plate analysis. For walls with openings it
is recommended that a finite alement nlate analysis be performed %0
correctly model the 2ffect of the opening. For walls without open.ngs
aither 2 finita element analysis can e performed or standard test beek
formulae for plates may be used. [f a multimode analysis is not per-
farmed it is recommended that the mcments and stresses be increased by
1.05 to account for higher nofe effects. Many parameter studies have
heen pe-formed that indicate that in most cases the first mede of
vibration contributes 8% or more to the total response of the wall.
Thus the 1.05 factor is considered adequate.

FREQUENCY VARIATIONS QUT OF PLANE

This section acknowledges the fact that there vill be variations
in the freguency of the wall as a result of uncertainties in the mass
of the wall and attached eguipment, material and section properties
and the modulus of elasticity of the masonry. The method selectad t0
account for thesa uncertainties was a variation in the modulus of
alasticity. The range of & 25% for ungrouted walls and ¢ 20% for
grouted walls is conservative wnen ccupled with the use of a smoothed
specerum. 1f the frequency of a wall falls on the low frequency sice
of the amplified region of the response spectrum adequate provisions
are included to ensure that the determination of the stress in the
wall is conservative. ;
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IN PLANE AND QUT OF PLANE EFFE

vhe plant F3AR crovides for the design of a two-directicn (one
norizonta'l and one vertical) earthquake. The provisions of this
sec+ion are consistent with the FSAR. The vertical component of
motion is not included in the analysis procedure because the
sositive affect of the dead lcad on bed joint stresses is not
included in the avaluation criteria. It should be noted however
shat the affect of vertical acceleration is incluced in determining
sne pipe and aquipment loads on the wall.

STAUCTURAL RESPONSE OF REINFORCED MASONRY WALLS

OUT OF PLANE EFFECT

The comments in Sec. 5.1..1 are applicable %o the uncracked
condition of a reinforced wall. If the #ail cracks in either the
vertical or horizontal direction cracked section properties of the
wall are uysed to determine the frequency of gither the beam or the
olate. 1f a plate anmalysis is performed an orthotropic anaiysis must
he performed in which different section properties in the horizontal
and vertical directions are used.

EQUIVALENT MOMENT OF INERTIA

CRACKED CONDITION

The recommended value of I, is taken from ACI 318. The formula
«as developed for slender columns and was considered to de appropriate
¢ar the out of plane analysis of masonry walls. The formula was
checked against the test results of Dickey and Mackintosh’ (1) and
reasonable agreement was obtained. It should be ncted that if this
éarmula is used it should Se used over the total Tength of the wall
and not over the cracked saction.

The fully cracked section moment of inertia provides a lower
limi= and can be used over the cracked section of the wall, It is

very conservative to use it over the full length of the wall.

30



6.5

Refaranca:

Dickey, 4. L., and Mackintosh, A., "Results of /arifaticn
of "b" or Effective Widtn in Flexure in Concrete 8lock

Panels,” Masonry Institute of America, 1971.

FREQUENCY VARIATICONS

See Sec. 6.1.2 for comments.

IN PLANE AND OUT OF PLANE EFFECTS

See Sec. 4.1.3 for comments.

ACCELERATIONS

The masonry walls arc analyzed in a manner similar to that of
gquipment and piping syszems.. It is therefore consarvative to use
the envelop of the floor level spectra to which the wall is attached.
1 the wall is not attached at its top, forces will be induced from
the floor lavel of the base of the wall and this shou’d be used in
the analysis.

[N PLANE EFFECTS

Load bearing structural masonry walls shall be svaluated on an
allowable stress basis. The shear stress on the wall is determined
from seismic analysis of the building and evaluated as in conventicnal
design.

The majority of the masonry walls are not intended %2 Dde primary
structural elaments and for the purposes of this specification a non-
load bearing or non structural wall is defined as follows.

1. 1t does not carry a signifizant part of the building's

story shear or moment.

(A%

It does not significantly modify the behavior of adjacent
structural alaments.

N




Tn ather words, the axpectad serasior of the building must De
substantially the same wnether such ~alls are present or not.

In-plane effacts may be impcsaed :n These maionry walls by the
relative displacement netween floors dJuring seismic events. However,
the walls do not carry a significant part of the associated stary shear,
and their stiffness is extremely difficult to define. [n addition,
since the axperimental evidence to date demonttrates that the apparent
in-plane strength of masonry walls depends ne¢avil,; upon the in-plane
stress Soundary conditicns, lcad or stress on the ~waile is not a
reasonable basis for an evaluation criteria.

However, examination of the test data crovidel dy *Te list of
rafarences for this section indicates that the gross shear strain of
walls is a reliable indicator for predicting the onset of significant
cracking. A significant crack is considered to be a crack in the
sentra] portion of the wall extending at Jeast 10% of a wall's wiath
or height. Cracking along thé’interface setween a block wall and steel
or concrete members does not limit the integrity of the wall, and is
not addressed here. The gross shear strain is defined to be:

X = % where: % = strain

A = relative displacement Detween
top and bottom of wall

4 = height of wall

Tast resylts indicate that to precict the initiation of significant
cracking, masonry walls must be divided into twe categories:

1. Uncoanfined Walls - not bounded by adjacent stee! or concrete
orimary structurs, Significant "confining” stresses cannot
be sxpected.

2. Confined Walls - at a minimum, bounded tcp and bottcm or
bounded an three sides.

far unconfined concrete nlock masonry walls the works of Fisnburn (2)
and 3ecica (1) yield an allowable shear strain as defined atove of 0.0001.
T+ should e noted “hat Fisnburn's test specimens were 15 days old, on
averige.

32




far confined w~alls, tne most reliaple data appears to De that 9’
Mayes at 2l (4). [n static ang dynamic tests af masonry oiers (con-
fined top and bottom) varying block properties, meortar properties,
reinforcement, vertical Toad and grout conditiens, significant
cracking was initiated at strains exceeding about ¥ = 0.001. It
snould be notad here that reinforcewent can have no significant
affact on the cenavicr prior to cracking. Similarly, the presence
of cell grout should have no effect on stress or cracking in the
morsar ioints at a given strain., BSoth oredictions are confirmed Dy
she data in reference (4). In addition, the data shows that the onset
of cracking is not sensitive to the magnitude of initial applied
vertical load.

Klingner and 3ertero (3) performed a series of cyclic tests to
£3ilyre and found excellent correspondence with a non-1inear analysis
in wnich the behavior of an infilled frame prior to cracking is deter-
mined by an equivalent diagong% strut. While the equivalent strut
technique has been used by many investigators t0 study the stiffness
and load-carrying mechanisms of infilled frames, Klingner and Bertero
found that the quasi-compressive failure of the strut could be used to
predict the anset of significant cracking.

After some simplification of the relations in reference (3), the
strength of the strut corresponds to a strain at cracking

3, (1)

YOO00B/H_ in which
8 = wall width
4 = wall height
assuming £ = 1000fm

In summary, the -ecommended value for permissible in plane s*rain
far service loads in uiconfined walls is:
X = 0.0001
-

and in confined walls

%, = 0.001

ar factared loads these strains may be increased by 1.67.

33
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for non-load Searing walls that are subjected to dotn in plane
shear stresses and interstory drife affacts the combination aquation
specifiad limits the compined effect such that the sum of the praopor-
tion of stress induced by eacn is Jess than 1. The complexity of this
type of loading has not been validated by tasts and the procagure
recommended is deemea reasgrable.
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7.0

EQUIPMENT

The method specified to account for the effect of equicment is
conservative. The effect of equipment mass is included in the fre-
juency calculation of the wall and thus she inertia effect of the
mass of the equipment is included in the determination of the stress
in thewall. This procedure by itself may not be sufficient because
i+ does not account for any amplification of the equipment. Thus it
is recommended that the fully amplified affact of the equipcment De
included by applying a static load and combining the resulting stresses
with the stresses from the inertia loads. The combination snall de
serformed by the absolute sum methed.

Refinement to this procedure is permittec if the frequency of thr
squipment is known and the SRSS method of combining stresses can te
justified.

-
AISTRIBUT ON OF CONCENTRATED OUT OF PLANE LOADS

The =riteria ror distributing concentrated ou® of plane loads is
taken from the Uniform Building Code and fis applicable to both reinforced
and unreinforced construction. The limitaticn on stresses for beam or
one way acticn is specified to ensure that thesa are not lower than
those obtained from plate or two way action. )

The allowable stresses for block pullout are based on the shear
sond strength of a block since this is the mode of failure for uncon-
fined block pullout. The discussicn given in Sec.5./.5 for the allowable
values for unreinforced shear walls indicates that these values are in
sccordance with the available test data on the shear bond strength of
concrete masonry.

ALTERNATIVE ACCEPTANCE CRITERIA

RETNFORCED MASONRY

Reinforcad masonry ~alls which are ~ell anchored and supperted can
undergo large ductile inelastic and cut of olane flexural deformations [1).
An acoroximate analysis method of determining the out of plane inelas*ic

37



7.2

saismic response i3 the 'energy dalance” sechnique, This analysis
sacanique is, in essence, similar to Blume’s (2) reserve 2nergy
sscanique and is analogeus to Newmark's (3) inelastic seismic response

spectrum technigue.

Refarencas:
(1) Dickey, W.L. and Mackintosn, A., “Results of Yariation in
"yt the Effsctive Wwidth in Flexural Concrete 3lock Pane’s,”
masonry Institute of America, 1971.

#2) Blume, J.A., Newmark, M.M. and Corning, L.H., "Oesign of
Multistery Reinforced Concrete 8uildings for Earthquake
Motions,” Portland Cement Association, 1%61.

(3) Newmark, N.M., “Current Trends in the Seismic Analysis and
Design of High-Rise Structures,” Chapter 16, Earthquake
Engineering, Ed1ted‘5y R. L. Weigel, McGraw-Aill, 1970.

UNREINFORCED MASONRY

An axtensive test program performed Dy Gabrielson (1) on blasi
loading of masonry walls provides validation of the concept of arch
action of masonry walls subjected 0 loads that exceed those that
cause flexural cracking of an unreinforced masonry wall. An analytical
orocedure was developed to predict with reasonable accuracy the yltimate
capacity of the unreinforced walls tested. With a factor of safety of
1.5 the orocedures is used to determine the ultimate or collapse capacity
of masonry walls.

Refaranca:
(1) Gabrielson, G., Wilton, C. and Kaplan, K., "Resgonse of Arching
Walls and Dabris from Interior Walls Caused Dy 8last Loading,”
URS Report 2030-23, URS Research Co., 1975.
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OYSTER CREEK NUCLEAR GENERATING STATION
NRC IE BULLETIN 80-1l

CONCRETE BLOCK WALLS

REEVALUATION
wALL NC. WwALL LOCATION WALL FUNCTION STATUS (SEZ NOTE)
1% Csatrol Room North Wall D IV
]
- Conzrol Reom Scuth Wall F, S | I
3% . Control Reom Tast Wall 1 B | T
Z
- Conmtrol Room West Wall . D |1V
\
3 " Ohservation oom Eaclosure - South Wall I &, .7 I IX
\
) Observation Room, 3. E. to N.W. ! §, F I %
| |
7 Yhservart .on Room West Wall 8, K 3

3 Cable Tray ‘rea East Wall F (partial) } 11
g= . Vestibule No. 2 Computar Reom, ? 3

! Zast wWall ' PP i I1I
10% Healzh Physics Office - Nerth Wall . { PP '! I1I
11% ' Health Physics Office - South Wall § PP i 111
12% i Yealth Physics Office - East Wall { PP III
3%+ | Contaminated Clothing Area, HP Tech Office . e | 111

Scuth Wall | |

14% ' Contaminated Clothing Area =-East Wall } 2P ! III
15 | Monitor and Change -~ = South Wall % F I
Lo* i Control Rwoom Center Coiumn Block Facing % D ‘ v
17 . 3actervy Reoom (A&B) South Wall (West Seccion) i s, B8 ,F ' I
13 | Bazzery Room (A&B) Wwest Wall (South Section) ; S, F | COMPLETE "
19 | Zler--ic Tray Room - North Wall | s 1

» 1
20 | Zlaectric Trav Reom - East Wall - 4
21 . 480V 3Switchgear Joom - North Wall ; 8, F I
32 | .30V Switchgear oom - Center Block Wall f F I
= L30% 3wizchgear Room - South Block Wall z E I

.



REEVALUA.ION

crary - TIATY Y el I . =
Wall NO. wALL LOCATION ALL FUNCTION STATUS (SEE NOTE)
!
24 Turbine 3uilding North East Stairwell -
West wall F Iz
9 Cable Spread Room - West Wall F, 55 1l
25 cable Soread Room - West section of [ )
| Nerth Wall i F, SS 5
-l sable Spread Reom - North-South Wall om :
col. line H t{ F, 88 ; II
38 'Northeast stairwell from turbine operating ' !
flocr - West wall { F, CC v I1
L] ) {
29 leactor 3uildiag S/t stairwell to ! 1
' 12'=6" Neorth Wall | F,S58,FC v I
] ' 1
‘ . A} :
30 Reactor 3uilding 5/E stairwell o £ = !
1137-5" West Wall { F,ES,FC | T
3 i '-
31 | Peactor 3uilding Elevator 23'-6" to t '
| 317-3" West Wall | F, FC y T
|
1 '
: R : ; i {
32 | Rx 3uilding Stairwell 23'-8" to ® |
| 57"=3" Norstl Wall F, FC i
] L ] |
t 2 2t : 2 o {
33 | Rx 3uilding Stairwell 13'-6" to | !
| 51'=3" West Wall ; F, FC (.
' '
J4% ' Dffice 3uilding 3rd Floor locker room f {
Norzh Wall PP t % 9 4
} |
15% ' Shower Room North Wall | PP | III
| | ] N t |
36 Shower Room West Wall l Incorporate ia Wall No. 42
. |
37% ' Toilet No. & - North Wall ' pp | 111
‘ |
38% Toilet No. &4 = South Wall | PP Il
] ]
{ '
39% ' Supervisor Shower - Nerth Wall | PP II1
' . i
B . i = et % !
AL ' Supervisor Shower - South wall ! PP ! 3TI%,
\ i i
41% ' Supervisor Shower - Zast Wall { PP 5
| !
&2 Corridor Ne. 3 - East Wall i PP I
\ N . \
&3 st.ucdown Heat Exchanger Room = Norta !
wall (knockout section) | SW,F ¢ I1
A ' Northeast Stairwell from turbine operating j [
| £loor - Nort: Wall F, CC i 11
i t
43 :

' &% 3uilding Elevator 23'-%" to 51'-3"
' Noceh Wall

%]



REZVALUATION
WALL NO. WALL LOCATION WALL FUNCTION STATUS (SEE NOTE
4b% Monizor & change Rrccw - East Wall 2 IV
".'
Ak Duct chase - South Wall | PP yIIT
REE
+o be

# = Jallsydeleted from IE-20-1l Scope (S“ netes _ wo I¥)
SW = Shiela wal’

D = Decorative

F = Fire barrtier
S = Security
PP = Perscnnel partictiom only

i
w
"

Safety equipment support

8‘:
"

Equipment Support (nca-safety) other than conduit

rig
«a
"

Tlood control to protect safety equipment

CC = Contamination Control

NOTE I: Field survey, sketches and sectionms, Preliminary Reevaluationm,
Mathematical Models, Fresquency Calculations completed.

NOTE II: Field survey, sketches and sections, Preliminary Reevaluation completed.

NOTE III: Top portion of these walls that was initially considered tc Dbe
nissile nazard for safety related equipment is scheduled to be removed.

NOTE IV: Decorative tile to be removed,
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EVALUATION OF
L

CONCRETE MASONRY WALL FOR THE

OYSTER CREEK GENERATING STATION




-

Evaluaction Technigues

Calculations were based on the following procedures and

assumptions:

1. The wall was modeled by Finite Element Model

for both Frequency and Static analysis

L]

3cundary Condition for the 3eam Model was assumed

pinned at both top and bottcn of the wall

(]
.

Boundary condition for the plate model was assumed

pinned at all four sides of the wall

4. The masconry details for the wall shown on J.C.P.&L
Drawing 4514-2 were used to determine block dimensions
and reinforcing *

5. The reinforcing used at the intersecting blcck was
wire mesh at every other course with a ainimum
proiection length of 12 inches

5. Analysis procedure for the wall was based on

“¢riteria for the re-svaluation of Conc e’ -

Masonry “alls" by Computech Engineering Services, Inc.

The wall was evaluated with the following load and

load combination

Service loads D+ E

Factored loads D+ E

3. All attached loads on wall such as pipingz, conduits and

panels are transferred into the wall at the supporting

point



Resulcs:
T™he resul:zs of the evaluation are summarized in the following

rable. S3tresses of wall when modeled as plate and simply suppor=zed

all 4 edges are within the allowables as given in Table 2




SUMMARY OF

. AT S8 AT YN
peabkua L AU

.
kall Location Batcery Room (aA&B) West Wall |
(South Sectiocn) i
|
| ' 1 J
Dimension . Height x Width = 11l -0 x 14~
Type of Constructicn 8" unreinforced runniag bond

ASTM C-90 Block, Type M mor:ar';

Frequency Range,

3eam~
Plate~

Hz

10.23 - 13.21
16.73 - 21.60

PULSET T 5

+‘
Response Acgeleration = 3 }
3eam-_ | 0.41 (SSE) ; 0.22 (OBE)
Place” ; 0.60 (SSE) ; 0.32 (OBE)
.
e ;
Stress - psi Teasion- - gy Ure } i !
3eaml | .70.8 (SSE) ; 4l.1 (OBE) *
Place - Normal to bed je. | 37.8 (SSE) ; 21.8 (OBE) |
parallel to bed jt. | 20.2 (SSE) ; 1L.9 (OBE)
2 lowanie | al,5 558); 250 (98%) E
i i
iotas 1. Based on wall modeled as a simply supported beam.
2. Based on wall modeled as a simply supported plate.
=

“Aow

Shearnag 5ress = (1.6 pSt
J
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