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Director of Nuclear Reactor Regulation
Attn: Mr. Robert A. Clark, Chief

Operating Reactors Branch #3
Mr. Dennis M. Crutchfield
Operating Reactors Branch #5

U. S. Nuclear Regulatory Commission
Washington, DC 20555

Reference: (1) W. G. Counsil letter to NRC, dated October 4,1980.

(2) R. A. Clark letter to W. G. Counsil, dated September 28,
1982.

Gentlemen:
Haddam Neck Plant

Millstone Nuclear Power Station, Unit Nos.1 & 2
Request for AdditionalInformation on IE Bulletin 80-11,

Masonry Wall Design

In Reference (2) the NRC Staff requested Connecticut Yankee Atomic Power
Company (CYAPCO) and Northeast Nuclear Energy Company (NNECO) to supply
additional information to our Reference (1) response to IE Bulletin 80-11 on
Masonary Wall Design.

Accordingly, CYAPCO and NNECO hereby provide the NRC with information as
documented in Enclosures 1, 2, and 3 for Haddam Neck, Millstone Unit 1, and
Millstone Unit 2, respec .vely. Where drawings have been referred to for the
Haddam Neck Plant and Millstone Unit I responses, three sets of drawings have
been provided for Staf f use.

We trust you will find this information responsive to your Reference (2) requests.

Very truly yours,

CONNECTICUT YANKEE ATOMIC POWER COMPANY
INORTHEAST NUCLEAR ENERGY COMPANY

rd ?wJ
W. C. Counsil dl 5 d
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Senior Vice President A0 p. bg.
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RESPONSE TO NRC QUESTIONS
MASONRY WALL RE-EVALUATION

(NRC IE BULLETIN 80-11)
HADDAM NECK PLANT

1. QUESTION:

Indicate how equipment loads were considered in the analysis. '

RESPONSE:

Equipment loads were conservatively estimated in the field on the
basis of their volume and contents. The details of how the signifi-

I cant components were attached to the masonry wall were obtained
; during the field inspection in order to determine how the loads

would be transferred from the attachment. These conditions were
represented in the model used to determine the masonry walls response.

2. QUESTION:

Indicate if testing for material properties was used in lieu of the
minimum specified. If so, provide a description of the testing
program and the test data.

RESPONSE:

All minimum values as outlined in the ACl 531-79 were used in the
re-analysis of Haddam Neck.

3. QUESTION:

Indicate how variations in frequency due to uncertainties in mass,
materials, and other parameters were considered in the analysis.

RESPONSE:

After making a preliminary review of the wall a decision was made
determining the use of either the peak response from an appropriate

i response spectrum or a calculation made to determine the fundamental
i frequency of the wall. If the fundamental frequency of the wall was

chosen, a broadened spectrum of 85 percent to 115 percent of the
fundamental frequency of the wall and steel system was used to
determine the corresponding maximum value of the assumed spectral
acceleration.

1

4. QUESTION:

In calculating seismic loads, the Licensee multiplies the wall
acceleration by factors of 1.3 for out-of plane loads and 1.0 for

,

in plane loads. Justify this difference in factors used for in plane
and out-of plane loads.

i

_ _. _ __
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RESPONSE:

Since the wall is rigid (frequency >33 Hz) in response to in plane
loads no increase factor was needed in the evaluation of in plane
wall acceleration. A higher load factor was needed in the analysis
of out-of plane wall acceleration because the wall did not act rigid
(frequency < 33 Hz). For these cases the criteria specifies that
the value of the spectral acceleration be multiplied by 1.3 in order
to get the total response of the wall which will include the contribution
of higher modes.

5. QUESTION:

Indicate whether cracking of sections was given proper consideration
in the analysis.

RESPONSE:

A field walkdown was conducted, and all cracking in the blockwalls
was inspected and evaluated. Based on this analysis, the wall was
modified so that only limited cracking would occur or that failure
of the wall would not interfere with safety related equipment.

6. QUESTION:

Specify limits for the relative displacement in the shear stress
equation (3) in Section 4.3.2 of Reference 2.

RESPONSE:

Considering in plane loads the maximum deflection was based upon the
maximum allowable shear stress of the wall without a specified
relative displacement limitation.

7. QUESTION:

In Section 4.4.1 of Reference 2, the Licensee states that the response
of in-filled panels to in plane relative displacements may be
analyzed by considering the non-linear composite action of the
masonry wall and surrounding frame. The licensee is requested to
identify all walls which were qualified by this technique. Discuss
and provide the technical basis for the non-linear composite motion.
The Licensee is also requested to provide the results of the analysis
along with some sample calculations.

RESPONSE:

Although an outline of the non-linear composite action of masonry
walls and corresponding frames was given, this method was not used
in the re-analysis of masonry walls at the Haddam Neck Plant.
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8. QUESTION:

In Reference 2, the Licensee indicated that arching action has been
used to qualify some cf the masonry walls. The NRC, at present,
does not accept the application of this method to masonry walls in
nuclear power plants in the absence of conclusive evidence to
justify this application. The Licensee is requested to indicate the
number of walls which have been analyzed by this technique and
provide a sample calculation. Before any conclusions can be m'ade
the following areas need technical verification:

Explain how arching action handles cyclic loading, especiallyo

when the load is reversed.

Provide justification and test data (if available) to validateo

the applicability of the arching theory to the masonry structures
at Haddam Neck with respect to:

a. nature of the load,
b. boundary conditions,
c. material strength,
d. size of the test walls,

If hinges are formed in the walls, the capability of theo

structures to resist in plane shear force would be diminished,
and r, hear failure might take place. This in plane shear force
would also reduce the out-of plane stiffness. Explain how the
affect of this phenomenon can be accurately determined.

RESPONSE:

One masonry wall at Haddam Neck was analyzed considering arching
action. Calculations outlining this method of analysis are included
in Attachment 1.

Arching Theory

The arching theory of confined masonry walls is based on ano

extensive full-scale test program sponsored by the Defense
Civil Preparedness Agency and the Veterans Administration
(Ref. 1). The tests were performed in a " shock tunnel" in
which a wall was " struck by a blast wave, the wave reflected
from the wall returned to its source area, then re-reflected to
strike the wall again, about 0.3 sec after the first loading.
Thus, these tests provided information on the ability of
[ arching] walls to withstand a number of reversing loading
cycles."

a) At the Haddam Neck Plant, arching theory was used too
,

determine the ability of masonry walls to resist uniform
pressure loadings and earthquake loadings. The test data
of Reference 1 provides justification for applying arching
theory to masonry walls subjected to pressure loads.
Reference 1 also cites field evidence which confirms the

\
___ _ _ _ _ _ _ _ ____ _
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increased resistance to out-of plane earthquake loads of
confined [ arching) masonry walls over non-arching walls.

b) Boundary conditions required for the application of
arching theory were validated through walkdown inspection.

c) Experiments on arching have been performed on walls that
range in crushing strength from 1,000 psi to 3,000 psi
(Ref. 2). The masonry walls at Haddam Neck fall within
this range,

d) The tests of Reference 2 were performed on walls arching
over an 8'-0" span while those of Reference 1 spanned
8'-6". We consider that application of arching theory to
the of wall size encountered at Haddam Neck is appropriate.

At its present stage of development, arching theory cannoto

adequately account for the effect of hinge formation on in-plane
shear capacity. However, the wall at Haddam Neck analyzed by
the arching method is not designed to act as a shear wall nor
as a bearing wall and, therefore, is not subjected to significant
in plane load. This eliminates the need to determine how
in plane and out-of plane loads interact.

9. QUESTION:

Indicate whether the construction practice for masonry walls at the
Haddam Neck plant was in conformance with provisions specified for
the special inspection category in ACI 531-79 [7]. If not, explain
and justify the use of allowable stresses.

RESPONSE:

The practices used in the construction of the masonry walls at the
Haddam Neck plant were set forth in the original specification for

{ masonry work (Ref. 4). Field engineers did not find any deviations
from these specification requirements. Higher stress allowables

| outlined in the special inspection category of ACI 531-79 were used.
|

10. QUESTION:

Justify by any existing test data or literature the use of 35 psi
for allowable masonry diagonal tension.

RESPONSE:

The use of 35 psi for allowable masonry diagonal tension was chosen
to correspond with non-linear composite action within masonry walls.
This method of analysis was not used in the re-evaluation of masonry

,

walls for the Haddem Neck Plant.

t

\

|
_ , - ._ - -- . , '
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11. QUESTION:

Provide any increase factors that may have been used for allowable
.

stresses under abnormal conditions. If they are higher than those
listed in the SEB criteria [15], provide justification. The SEB
factors are listed below by type of stress: ,

Axial or flexural compression 2.5
.

Bearing 2.5

Reinforcement stress except shear 2.0 but not
to exceed f

y

Shear reinforcement and/or bolts 1.5

Masonry tension parallel to the bed joint 1.5

Shear carried by masonry 1.3

Masonry tension perpendicular to the bed joints 1.5

Reinforced masonry 0
Unreinforced masonry 1.3

RESPONSE:

SSE was the only factored load case considered. A 67% increase was
used for all allowable SSE values. The allowable stresses were
increased by 67% for the SSE because the probability of occurrence
of the SSE is relatively low, and, if it does occur, the allowable
stresses can reach the ultimate or yield stresses. For structural
steel used in the modifications a 67% increase for the SSE will
increase most of the allowable stresses to the yield stress.
However, the maximum allowable steel stress with the 67% increase
will always be less than the material yield stress to prevent

; permanent inelastic ductile deformation.
i

12. QUESTION:

Indicate if block pullout was considered in the analysis. If so,
provide sample calculations of block pullout analysis.

| RESPONSE:
|

Block pullout was considered in the analysis of masonry walls at
i Haddam Neck. Based on this analysis, plates were sized to transfer

the pullout loads into the wall. Sample calculations demonstrating
this analysis are included in Attachment 2.

_

A sample evaluation demonstrating this approach is included in
attachment 2.

_ _ _- _ - - __ -- . _ _ -
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13. QUESTI0tn

Indicate whether the walls are stacked or running bond. If any
stacked bond wall exists, provide sample calculations to obtain
stresses of a typical wall.

RESPONSE:

All mortared masonry walls at the Haddam Neck Plant are running
bond. Some unmortared masonry walls which are used only for shielding
are stacked. These walls have been modified such that failure of
the wall will not result in damage to safety-related equipment.
Sample calculations demonstrating this type of design are included
in Attachment 3.

14. QUESTION:

In Reference 4, the Licensee reports that all modifications have
been completed except those for wall CYTB-1008 in the turbine
building, which were scheduled to be completed by September 1, 1981.
Verify the status of the modifications to this wall and other walls
in inaccessible areas.

RESPONSE:

The modifications to all walls at the Haddam Neck Plant have been
completed.

15. QUESTION:

In Reference 4, a final report was scheduled to be docketed upon
completion of the modifications. Provide this report.

RESPONSE:

The final report outlining the masonry wall re-evaluation and design
| for the Haddam Neck Plant has been included in Attachment 5.

16. QUESTION:

Provide a description of the modifications and detailed drawings of
some sample modifications. In addition, provide a sample calculation
to show that the modified walls will be qualified under the working

| stress design method.

RESPONSE:

Modifications to the masonry walls included:
,

o Detachment of the top and sides of the wall from the adjacent
boundry supports due to large interstory displacements.

.__ _
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Insertion of angles at the wall edges to assure pinned boundaryo

conditions.

Insertion of steel sections to transfer wall loads to theo

boundaries and limit wall spans.

Insertion of steel bumpers at the top of the wall to prevento

overturning, and at the base of the wall to prevent sliding.

Shielding so that falling blocks would not hit safety relatedo
equipment.

o Removal of the wall.

Rerouting of pipes.o
1

Relocation of pipe supports.o

Detailed drawings of some sample modifications have been included in
this package. Sample calculations showing that the modified walls
were qualified under the working stress design method are included
in Attachments 3 and 4.

17. QUESTION:

Since the Haddam Neck plant is a part of the systematic evaluation
program (SEP), the Licensee is requested to clarify whether the
seismic analysis was performed based on SEP loadings. If not,
provide justification.

RESPONSE:

The masonry walls at the Haddam Neck Plant were evaluated based on a
set of response spectra generated specifically for the effort to

,

t respond to ISE Bu11stin No. 80-11. The load combinations were

|
those specified in the Plant's Final Design and Safety Analysis

| Report. The time constraints associated with the Bulletin did
! not af ford the opportunity to use the response spectra which
; were being developed as part of the Systematic Evaluation Program
| (SEP). The response spectrum used to evaluate the masonry walls
' was the Interim Seismic Design Ground Spectrum. This criterion

was considered to be conservative and the actual floor response

spectra generated for the SEP will be compared to the assumed
spectra used for I&E Bulletin No. 80-11. We do not expect the
resul ts of the concrete masonry wall re-evaluations to be af fectedI

by this review. Additional information is provided in the final
report included as Attachment 5.

i

.

- . . - . - - - - - - - - - - - - , - - - - ,- ,, -, , - -
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ATTACHMENT 1

consists of a 21 page (sheets 2-20) example of arching action.
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wit of cauu. goA , sfrat~ 4o Avelj *wh- ,:

(
6

u) - X c _

_ t0 o - x c. 6.

L, ' U No"2A>' ~

Ec "

EG = D~ >SGnu.

aed m|dipg k rI[- h%d s'idt of above. e wdm
l

ce. C-13

.
- - - - - - - - -

~ '

_ _ _ _ _ _ _ _ _



"

)
'
-

URS/BLUME.

g W Street W New Montgomery)
SEET NO 10y r m , camone s4ios

g no g>40-o3_ me CY Block WALLS eV LC. DEE |0/l5/t
suarcT ARCH THEORY RR WALLS WITH 6AP ombs oes/a//p/pzh NUsco

. .. ..-.

.i._ .
O - X c_ I

. _ _, ..

'
T .=

24 - X c E { 2L'-2L-A ..

L'

(2 c} L' F '-

WT* ''' X EQN 44

F_(2L -2L -4)
.

'

wheA L' = 3 4d24ts BM 4A

wT = % 4k h cl"E A g X c-7

i

I

I

.

e e

e

,a

e

e

me
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. g/BLUME -

,,==% SEET NQ ||-
y Frandeco. Caslome 94106

e @40 -03 Joe CY BLOCK WALLS _ ev L C. QUE 10/15/80
,

anser ARCH THEOR'r FDR WA!.t9 WITH GAP OE M DEE/8//S/cva

g Nusco

P
>
h ) * Ch'Toid ch IItt free P

c = cadut smfAc.CI t+.
7,

I = 2 d - W - 2. (C - y)~

T

_.

W
'm' >= i s . 4

V; tor . p

C Cid OCk j . CD ICSSWC, SM. k_ l fdA b} ~ kkLfiS

of ik. holloto Wock bp . s. 0

| Y j"

[ tf c _

/ c,jL._" , ___
" -

. _.__.
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i

stydn slYess
|
,

I
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V

C-15

. .



'W
f .

'

URS/BLUME
g w street (at New Montgomery)
y Franosco. CaMomia 942 NM b
g ua R40-03 Joe CY BLDCk WALLS erLC ocE Ic/ls/n
hur NUSCO _ ABJECT ARCH THEDRY FOR WALLS WITH GAPoub@4B ocE / f/90

~

la m(..s
.

r = 2d - W * f'-7)T

M= "r

'' . 7wheu- p = c- c A
Jc, C

c , c, refa. b ny s . For sold block ci = o

P = o'- (' Y ^c
i,Cc

defk g= c

C

ead c$ dass Nok tocli=}auct bdse:A M.=

cenha of L. be. , P . see ny . 4.
'c
)c, 7d A|

=

| [c'; f( d A
|
!

07 t.

M= D;ki ( 24 - th -2(e-y)]
_

0,'k i [ 2(4- c) + zy - t0 ', ERN 5M= 7_

c-16
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|,gS/BLUME ;
'

, w street W New Montgomery) SEET NO I3 i

, rm, comorne 34es
, ,o M-03 Jos CY RLDck WALLS Bf LC. _ OcE b[ls/D_

#

SUBJECT ARCfl THEORT FOR WALLS WITH C,AP octFtf> ocr/a/M/re
.g Wsco

i
:
.

where. .

k= .fc$ 3 dA gay g
i

C

_

f,?j'dA_

J- EEN 56
[,' t dA

Pbr sok4 L ock n. shess block Ell wi46 ilep Mwen

H= (tr,;c ( 2cl - W 3 C) IEN 6
T

.

|

| Refeteaice.s -
|

StoL E. Sevas , " McLotg1. W .L . McDo well ,
k . k. . Mckee. , lls ",A3CE Jewsd

Theory >ivisinof Mascag WaAdint
Mcud 19 56shudtud ,

Mc'wk Olten a$d Edwed ladly ,W4k "Ascts

l* Discussim cr
2.

Theog of MascunArcung Acht 9 M 1954 -

.Jewtud Shb od hvisiov, ,
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ps/BLUME
g A Street W New Montgomery)-

y Franasco, N M2 NE.

gFt4e-02 Joe CY BLOCK WA& 9 - sv LC. QUE |D/l4-[D .
'

g. NUsco susJect ARCH TfiECRY FOR WALLS WITH GAP ombJtM ons I'/24p

FR0CEDORE FOR ANALYEING WALL WITH GAP
2 era - uri.s or - - u ncon ._ _.

1 Use g size ep4 do K " . Dew L . by L= "l^ ,

2 Defe#m'ine psdret dis >| ace nubXc, Ms SL Ollbaka
s , s[. sb

~

e udints n % Fgs A , B , at c a >.

edif .n
Block site BQLATION

16 x 8 x 6 Xc= 5.625 - S 3163%- 0.0625 L'
|6x8X8 Xc = -(.625 - N se.13%- c.os25L
16 x 8 x 12 xc = |i .g25 - '\'i35.|34- o.o6256

Note Xc. -fim e'ik poceJau sheald ke less b o. 5 ''.
}f X c k. grea h . n as o.S", 4ka wall U. w gualtfg for asch anal sis7

3_.. Osa maxinen odlou>dle aastic. stress, o% , ans s&N
4 and +A 40 c4 w.lxfe. Or.

(0 = ( 2d - X4 L' 0%7 4g pan +. - - - - - -

E (2L'-2L-4)
.

L' = 3 4 cl 2 4 L2 BM 4A
'

- - - - - -

II 10T is les: Mag 0. 5 " skn ste > a(j

Sa.. Subs 9xe. o. s fly W-|- i E M f ai, solve. -b t

4. Vse. D% a,d W- b sw2 a 2A fo .T
d cu.| de. C Eguadicrt N.

#C= - - - - - - - - E&W 3
212 t0 T
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,Re,/SLUME ) 1
,

. , ~. ,.j e =;et (d New Montgomery).,
* ED'm 15', n,w. comme omos a ;

,jn Pn4o-os me c.Y' Estock Watts - . L sv LC te ic/4/c
gosco suascr- ARG THEDRFJ FDR. tWh1_. ullTH GAP onbMA cm/d//bg

. .
.

.: -

,.

5 Use ERN 5 , BA a*d 58 for hollow, block 1,. N
''

.

WRN 6 for sold b!Ock M bo||cid 3!cck 'VilS.,
'

Sess h\oek Conk.c'I' svv(ece C ' \e?ssT'-fhah--
.

~

5Mt L Sichess to link IA w az _ . . ..

'

_M w" EC.k [2 (d-C) f 2y sl0 T 3
- - - - - - - EM 5

'
c, p A' ES{. kg

=

- ESRSO- - - - - - - - - -

c.

Jc''^dNA
'

_.
1y= EQWSE

cc'

,c,1,;g
-

,

s

M=$ i .} E c [ 24 - e,. 2 c; _ _ ____. ,,g g
|

,- -

'
.._ ,

~
.

.

Bg wg_ -tkt -ilmcw eas -fo kl wawustc.
0,.cce e fm , Sa., ick. WdI cae -wtfk.=fauc{.

| ,
' i

Sg _- rH3 4 , :
'

1.3(zd)W(2L)' .
,

'

dea. y , we@ d WoA
_,

| ma vh 4 m. ucck. ..

. .

* Denvah a 4k, %cs -

,

6
| g ___ W C2L) 2.
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h/BLUME,

y street (at New Montgomery)
NM ib

y Frandsco, Camore Sm06
g No 2D40-03 Joe CY Block WALT.s sy Lc onTE lo/24/ro

SUEUECT ARCH T}iEORY FOR WARS WITH GAP ~ omb J9-t oss l'h'//'eh NUSCO
. . - . .

. ._

E'A A MPLE ( Accord g o PbceJuu. Lisid a P.144is)i

.

De a
2LFA = 88" .

2.d = 7. c2 s " d = 3.vl2s "
'

Dy= 3 2 6 p s 't E = 4. 2. x | o p;r
.

y= o.o43+ ik/62 i.f - i. s -

,

step 1
)(g ''' 0.0625 '14Se s= =

43. 9 (>t r "| L= (it - M ) /2 =

s e> 2

fDr 16 x 8 x 8. block.

.
.

Xc: -(.(25 - q BR.1316 - o. 0625 (+35#)

0. Ir25 " < os" 0.k.=

Sb> 3
44.625|"L' = 0 (7.625)* -}.(t3,yig[ =

|4
_ (7.425 - 0.1825)(44. 6251)( 3&fI i 0 IE25I

4.2.x[or ( 2'(44.6251)- 2(43.16tF) ~ 5. 0 6 25)
|

_. .
.

0.4-u,,}". o. 2442. + o . l%2 5' = =

;. ..
.

S eo 4-

| C= 376 (43.96??)" 2. o72o=

2 (f. 2xjo )(o.410)r
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pS/BLUME
, =~ % DEET NO I7

-

,r e ,canne seg BV L C QUE 10/z4/gD
CY IBLOCK WALLSgo7040-o3 x2 omb J(M Oct s//rff(osummer ARCH WORY 70R WAtis WITH GAP

g NUsco.

. . . . . . . .

Sier 5 - - - -

i

ky = 1. 5 < 2.012o
.

'0.5720'6
1 2.0720 - 1. 5 =

' *t . w Y jY
0.153-| * Assm i soiI

-a

Ki=
*2 ' =

2 0220

n...v. 7 dy
- =- srze 1.472g .Assua. l* Ski)*_

7- 2.n.
3, j)ya0.58:0 (

% n =- 3% ( c.9st) (2(s.s|25- 2.os2) + 2( i.+726
o.+2 q 3-

2 2 i 5 " - 'b,

shes (,

? (22.|s) g
1. 3 (7.us)( o.o+34) (z y 43.%8?f 5.3 [-

*-
5 =6

.

D
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g/BLUME'

g A mroot W New Montgonwy) SEsT NO @
y Fr.no.co. camone seios
g so@44-03 Joe CY f5 Lock WALT er LC nos ic/n/a

oubasm nes,4v,b
@ NUsco suamer ARCH THEDRT INL Watt WITH GAP

_.

... PRDCEDV RE E Cau%w smas Tm a c,ww %m

J.- )ehevyk M wax cet l' Shi* -

L Cacu.\de w;c L widsm chelacewed ,xe.
I

Xc - 2c( - 9 f ol*- (LAt[]

' 3- Cdewlde L' . ..

.

L' = 1 4c? 4 L'
|

4. Co.|culde ol .

y= (2 d- ac) L'
tE (2L' -2L - A)

5. Asstuo. A vcdus_ of IT Fw -lyst ifid ,
.

use. & ydur. b k. egudim below .
Wuy_
S Whit. S it k sec %. mojujus

o{ block pes (" shr >

~

6. Delewsat. waginuun odds % doiccilm. , i4T-
,

1
-

- (d = UbU~M + E c-
~

T . _ .

.

6*

6 % h(M $k 1
7

. - -.
*

| c= # .
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' ps/BLUME
' i).

;
'

s > street (at New Montgomery)
y Franosco, camomms 94106

SEET NO lha wo R40-03 Joe CY block W ALLT sv Lc DUE N 3[bhNusco scarcT ARCH THEORY POR RALL WITH GAP ombXbi DUE /0b1f'O
. _ . ,

T. If C k o<At k. f9 ikkma. , p 6 49 va , '

{lc g less b ft epd 40 fly hkuu.,p4 -

i

e"PA4eAn M = ar. kN ec, wo-let t s .
.

M m = n k [2 (ci- c) + 27 - to ]r

kg = KV l ship
~C

; C ,

i, i

!
,

IC)c, g2p-
'

y= , 4,'.I
J*14 A

i

Ib C ClN bC- b mai b
0 b. hf|0Y elui'ich .

~,

b Max D~rt C [ 2 c - L0*

T~3 C
1

| _h- | Ny C Thi 5 SR 01 8b k SMt d.4

b Mt tv f4R b| d Ch I d T M CLj M / '

DNh k , M} |0 -D -D

10. > 2 ad hid , p io
%|0b .

|0a.. [br 3 d -tid d'

b6AAk jL E/ s
__ b

-

|Da . Assam. DL bt '

(

"""Ok G= '

th i%:a M .. w ,a ,
__
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f6/BLUME
g mm stmW W New MontgomerW DET No 20>

,pr.nsoo,comone segg av L c_ nas to/23/PD
, e70fo-o3_ me c_Y Block u) A u.s

.p Nusco a==cr ARCH THE4RY FoR WAu WirH GAP oub M DEEl8ki/ @
]

! !_.

lh teNJnudi> beh (f. Aak M .
_ . 10b hS3 twit A,

... Use vaja' of try aal M's,Srn Prevteo StaEA and

NyA>oldin AdkokYD Cdcdh W N $r M frid ,

IL_ Go to WE 6.

I

i

.

!

|

|
~

t

.

.

.

I

e

. . . -

@.6S

* eee

4@ h-

i

|

|

. _ . . . _ . . .
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ATTACHMENT 2

consists of a page (sheets 188-189, CYPAB101) example of block pullout
calculations.

.

I

I

|

)

1

1
i

!

}
!

.

9
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URS/BLUME
130 Jonese Street (at New Montgomery)

Sen Francisco. CaMornia 94105 6 NQ h
JOB NQ DYO-33 JOB CY 9'_OCV US I.bC BV bC EM Ib[El

'

CUEMT IT)CCP SUBECT CY OM = !O I CHKD BAS ENE l- 8 -81

Block PEPEPTy
,.

h(

ilyg"

,,

_
is Va '

,
,

eu-

l!x + 3= 4
VleW(; - = ( r,2 - ) x 61 /a ii-

F b Pg/neet W:na s N c..s.: 6,4nk.
v . .

2 [iz (12) (i.2s)3] s.$
'

I ==

z[ 02.)(i.25)] [(ii.62s -i.25) 2] = 8o7.3

2||.2."' % if sin ,

1

S =- 3 11. 2 E9 6 "# pet= i2 " shi
72 x 11.625

p

.

_ -- , - - - -- -- ,-
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URS/BLUME
130 Jeesse Street (at New Montgomery)

San Franaeco. CaMomia 94105 #EET NQ /N
JOB NOM - 53 _ JOB CY BLOCK (8)ALLE MDDFICATIOl) gy LC care 1/7 /2|
CUENT NVCCO SUBJECT cYPABiol oad BAS cure i-is-si

Check A % clu a isf h i/ E .

*{DL4

V)$ A 330.67 [ ( is2 xi24) o, ,; 4 y,;=

f
P.ll cf CYPABloIA evaldk c2c .

NB })e infm o.koI>cdudt

WJ1 C 233 4r // [( 2=i2+6 x (i2 < ic + oJ = o.e3 psi
-

1
PIS of CTPAElolE eva.jo.hnt cdc

VJa15. D ll 60 .lj.- (156 x 168) O.06j{si
f
I. Il of CTPAE lo! D ekalv al,'ru eMe

YJON k do wa 6 aSdd g/A

Wau F (2uu4oo)/ un x in) = "' t';
f
r.n g cyrteioie evale.miren c.fc

.

vec o. lo pi b A cLi d mig ntG wJs D & F.

pt E dadu: wei Lt n wJs A,BfE.use o. c z
g

~

Pg mje,L , u puei,. OL &k,ud Jnc7
.

La .q: . J. !: /:se.' cere;rk all bc .{ia d cn1bd 1.iA 1.w ||
\ \v

_ , - _ - - - - _
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ATTACHMENT 3

consists of a 12 page (sheets 2-10) example of a masonry wall redesign
such that failure will not result in damage to safety related equipment.

.
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' URS/BLUME
130 Jessie Street (at New Montgomery)
San Francomm, Califamia 94105 N NO I

'

JOB NO F VM-f. JOB C O/d A/E C 7/ C '/~~ VA Af /< E E sy 9'<A/ tytrE 9-80-60

cuEwr II:'r c. SUBJECT E .' O C I: >J ' * ! 43:1:~~'O. TiO'lS CHKb EAS tytrE 4-19 90*

)

]\ A '. i_ S * C Y PA 5 10 2 4 IO3 S EL. 2/ 'G"l
_

: 5'6" H = 4 'B " % - 16 * .

*C O: ID 5 H.*E L. D B! Oces ('SRicks)
Assws nr - 145*/c;G

* 5D,~7~Old 4. COURSES Mt.c-A-PcB
* TOP /0 COURSES STACKED O'J 73=' 6 20770/ ' CC:RSE 5'

e/sp*
Cr /& . 5LOct tdAlt. = /45 >=f f.23,1 /93i ~

: 4) v DT X v
.

4Ax LA7 2AL. FO?,cE (per crUeds ')is* |3 Q X to ,,,

SWE /TAK of SrECTcurt Sm,. o.9)- USE to, /.3 ra4cx|93 - 105_ '

s s cos,'wiw rits w wt.

USE 2 PIPE POSTS TO SUF'PORY AJAU NO/EMAL 7*O

'f 175 PL A A!E.

FORCE CA) EACH POST 9 = Us X l-/2
- IOS,x 5 67)2' = 298 |&#

NEGLECr FR/Gr/OAJAL REG /srAA/CE Foz COA /CERVA' 'nVC
ADES / gal Oc' SUPPORZ* 5ysrEM* P,g A

x: .

DES /G N OF PO.STs :
_ |

#|A k *z@ = 299 , ,

Q = %Iv = MSx4 67 - IS92. : 's
# '^'%, 1392 (4 67}'2 .,. 4) - %.55 }

'
..

6 hy S= 239 in * ( 7:Azuys 3 g 9 S r. D PIPE
.

. ' . f y= p.55 '
1-y_N --

= 18. g + t .u, s-< -

.- nb 3 2 39 . . - '--

| p..

}
'

ALLOMA GLE Ec ~~

O'QM3 3 = 2Sf bl '.b
.'. posr is ci evani ie rus< /es sP' ACED hH ' s-

~rHAT ONE POS7* CARRIES MORE THAU 50% - -

rm,u i sum , s,
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URS/BLUME
t30 Jessie Street (at New Montgomery)

SEET NO 3San Frenesaco, CaMornia 94105

~ ce nod 74/7-53xe COAJA)&G7~/CU7 VA A/ KEG er R C4 A IDnrE 9 a o so

CUENTd//,/TC/'') SUEUECT 3/6% I47A<L. Moh/F/C4T/OA/S oab R AS DATE9-|9-So

DES / gal Of eneAP R ATE ASSEHBLY s
EA/.D - HpuEh/r

HA'X FGR.&s /AJ S77dAf' W , P'= LEVER ARM OF RGSIS7WG CQIPL-

.

1EE -- e 4-4-.55- x
I.75'x/2 "A _ 2,/2= -

n

A FOR.c s ,/soi_/ = 2-|2/2. = |. OS *

| FROM DES /GA/ C,e/ TEA /A DA) HILT / kidlk-&7L.7~ VLrtA44-7E
'

Yh: UES (A>c,c. Gct-go-Seg d/sc+ G,19eo), f0K 3CCOpsi
[0A./CG[[~ f 3/gy 7''.q /4/L7*/ kta)/K ~ BCy.7,d

uL ri/tA-re Ts7t/siLE srX)Er/G7~H = |8,$00 _..

ALLGt.JA8LE 7Di/s/LE Sr2ctisTH, f = */?+00 , 4,600"
i l 5~

| {Uto-e. f s Jhe min {Dcfor ej )
fg*gi $O0'

{
oo

'o* $* b0 L ? / 06 3/4(b,X 7 '' Khl/tBOLTS O k----

Eot r sr.A cnic - /0X o.7.c = 7 5 in
o c 2. x ru. g e i, h d u e & c.p i L

t #SYq ' , f = V437, .3f y J.Of ~ &r0C CHBCDMEAlf DOTon' CF
*% e: 1 x 3.V - c.. sint

, kT SPA ctr)q = 7 5 " PROV/DED -|
'*

ftAh*L CAlt.y !Z'Als/ON A A/O SHCA9 JS PECSEX77~ -

ke_Y L,
'artcAcr/ Ort GTW.GssfG O k- By c&sERvomOU

| HAX MOI-/EMT /Al STKA-P PLA4E ,.,,,,,, J ,, , , , , ,

|
= I. 0 6"X / 4,3 '" - I. 73 "'^' 1I1T f F TIJT

| | |'

8Q /
Assuus sra Ar it 3je x 3; .

s 3,x(o.srs.).
- 0 0703 m. 3-,

s y,m C, Y2M #~BEAlD/AC RAbl03
\
'

| f73 ~ 8k' - [Y :g* /Ygt c 946"
.

24 * b K.S/
, _

~

| oc c

00703 a (*ht|1

V Fs agoate = o.75/y >< /33 < o 9 F, 9%*, ,

o.9 r % n' - 32.,9 N'- 1 w r 3 ' y - + ,* f | ) [ '''
~

..

= y.s ia os-~

.
57~R A P N 3/2 X 3 h)|2 - 3/4_$x 7 * kh)/K-BOL7N'

|
_
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URS/BLUME
130 Jessie Street (at New Montgomery)

,,,

San Franosco, CaMornia 94105 N2

soe m Rndn 53soe COAJ/u)&G7~/C')7~ VA A/ KEG __ er FMA)oes9.ia.so*

cueur/JiISCO sueaect BLOCr ts?A l t_. mob /PICAT7CAJS cwb Rh5 one9- 19-Bo
'

DE5/G/J OF GTRAP R-ATE ASSE PIBLY..s
EMD - HOMEh0'3

hl.EVER ARM Of RESIS7WG CouPL
E #I *W

,

M'W ""

/.'/5 'x/2 'V*
. 2.12.=

9
.

2 !2/2. = _ | OS "4 FOR.cs ,/ sot _t- =

FRO /4 DESIGAl Ce/7ER./A OA) HIL77 kkJ/k-847/T t/LY/A.fME
, FOR 3CQ2psj

VA LUE S (Re,c. G CE-go-Ses d/sc+ G, t9eo)OLr.COA./ CRETE ~ A 3/gx72gr h/L 7'i r is)/ K - s t,

ALLGAM4LE 7ms/LE .G-2CA/G7W, ;$ - |'$~fR 1,% *
ut ri|-wrr Ts7v'SiLE 572E7V'GY/.* = +3 g

(Mere q |S /hG min j ac/or o f S*3f'- &
-C

fg=4,400' *
oo

' * (1.4py 7 /. OS ' , 34.$>c 7 " K/J/t.BO475 0k -,
,

Ect -r s P.A c tr) G r /0X O.7S~ = 7 5 in

OL 2.X Ruf em)cdeer+t &
Sf,q ', Se 9437, 2 3g ' y j,0f *~ c~p_/~ce cHscvurstr 2tcPr8 of

i
+e: 2. X 3|/t= CarSn

,

* * SCt ~7~ SPA cix)q = 7 5 " PRov/DED -
SaxL crit.y ri.usica i r/o SHCAH dS P2.CSM
IAIT/LArr/C'r/ CTRC$s[G C4. By c&sERVoWTTOU W8eh -

2,

h

) vou11q |], u u ,r n
p ,,,

,

,/'

YM ;-BEAID/AG RA2>I /32

* 3/$' - gk] /}g'b c 9//g"'

1

:Jg'
. (*fa''.

| ' S ' |45''/ ,

3, a 60LY f?4Cir.
/JW hd||. & s 2 y.S if

- 1.s w c.

)



*

,

,""
.t \

URS/BLUME
130 Jesse Street (at Ne w Montgomery)

SEeT NO NSan Francaco, CaWornia 94106

f a Na Mo-o'> .ce c Y M o. w w W J V e,[x6-- aus 416/g(
'~

suBaecr WJL %) .Ldn,ic$w-Wdu CYfktio2 +*5-
cugb/AS one W6/Mcueur Al%CD

. ,,

k.ckLJy6) g s'W f + M k p w y is a s' A % . +u. fi

& -b u au 4 $ loa-, 4 a a
Xic

' n
,w= L4Yh (q.L g cA.) S*TE: ''T**F PcM M ? Tin'~

r a
i s Alo1~ i#cJ.vpEp 4,*per af is w\ ~'

*g'/ ( cox/Mep 70 44'.

N' $ 99. 'Yl'(C fW- Q.1-102- ACSL-)tp 9s n

Q& 2y' e.uce -c +.n i +n

,w */3 -u o s. u c. =
, , ,

pP A = 1,67 in"
~

(; ,- ,,

EE'. oF 'Pg meg

+a aa, u wa e a y.z-iosnsss, &w 44.me n zc, 9
A-21* o.- Go"

, <T%f f Y @0 (Ll')L G f- >.05u%I$O /i g
c (n iingM8,4

-

|
.

| 't"41 v4. A (_ % vp> e m -vq:rsp+, . &d - e , u tt- '
: e.

3 CM-dvq d c }a 8 4o.) l ad L.

%(1,')>(.mji)(4.n); (1' fyj')
~

_y%e o+
q e-i.n g . u-

y I.dx.1% . 3.#.g'

1.1

Awt is 9tw( hu. g:.,, SA q aAs)- M, jfJl 8 1.6 Y - 1.7 6 #
z--



. -
. . .. __:.. .

-- - - - - -

c.-

.

URS/BLUME
130 Joose Street (at N ew Montgomery)

San Frandeco. CalNorne 94105 NM

os m 104o3 xe cY h wuhw w(er- - one +k,/81
'^

'

suancr ddL WL DJ:>hSw. Als- CHAMot*3- o bth3 one 054/cueur NUSU
U ') /'

Nf 4 Fs F e i. m 1.n Q .7 S. .}Y
;.Fs+ u w

u.iny

F. " 'N * ''li i''bv *

011 - 3 e" ,67 e"| 5 15"-- ~ k * 4" C-

en c s:

t - X " > , S'
'

(- p , .1IS -t > . 3 e t. +

!

| n f' &p
-

:. w -
.

y
e d L niuri-nwx hsm ja w h o I ,,Jl g e .

,c
& %" W s t- W4' & , T ,- 2 8 * ., y g f

4-

G L ins, L ~ 212 :sk .4.'W ( t s,e s ( 4 ()

N Al J M A -b wp q hJJ,g e p + n&R wA-

'

iv 4% % W uat y s rpaA/*'y \ dh M ( A - L.4r Aw,. .: A + >q,Z),

&:n,,,4<I.oE' w.'
. -

4s
1 N 'd kit.Ti-Nic BoCDr, w-

Y | Q ' & l @ y E W Fot 4 rt M S

i %..

\

- _ _ _ _ _ . -. - __



,
. _ _ . .

. .-

s.

URS/BLUME
130 Jesse Street (at New Montgomery)

6 NO 4San Franosco, CaMomia 94106

soe no BO40-E2 Joe COA)AJEC.T/ cur YAiv'KEE er PA4L/one 9-to-so
cueur NUSCO suasecr BL&K. hlALL MODINCATICA/S o b 6hS one 4-19 sa

'

CHECIc METAL DECK :
_ _ . - _ ..

/vlETAL Dear. 9h/JS EETNEEN YME POS7s AssuM/h/G k!Ax.SPAC//M
Or 5'S'' A/JD PROV/D'/./G ROBERTSOAl SEC.3 GAGE 20 METAL DECL

3530*-TOTAL ALLONABLE UDL OA/ .DECn =- .(547f IOc7Ps.f

AtAx L ATERAL FORCE OAlbECK = /05fsf<109 Psf' 04
(SEE SNr. 2 )

~

& ROBERTsOAl SEC.3 GAGE 20 /4GrM .DGC/c. IS Ot-

OVERHANGE IN METAL DECK : .

IN CA5E OF Auf f /[LD /AfrERFEREMCE, THE P/PE Post._
40CA T!0H3 CodLD of AC./DSf60, LEA VIA/G OV'ERHAA/SS BEytuv-

'

((, THE POSTS. Assume max OVERHAA/G = / ' O .'
s

-yr /05 ,x (/.0) K-IhlN y /2 = 0 63#w 2

Sx FOR. ROBERTSotJ SEC.3 GA GE 20.DECt - O.273In
~

O' '
.: f. = 2.zi usi < 2cusi on

0273 -

THESC VALUES ARE OSTA/AICD f& ROBCR7SM Q-/477.D-79(7) ||Alc?rC: "

/\|07~E TO SOLvG THE PROBLEM OF PosStBL.E LDAD /AICREASE
CAUSEb By MOVEHEA/T OF SOL /D BLOCKS InitrMirl YHC
& " GA P BETHEEAl METAL DECK /AIG A THE WALL, A
BEAIT PLA-rE is PROV/DED BEThiEEAl P/PE POST ~

4/JD METAL DECK SO THAT METAL .CGCK. RESrs SNUG
AG A lh/Sr THE h)ALL FACE. SEE S H r. 6 TOR DETAILS

SEAT A/JGLE : SEAT 4A/GLE ,QES/STS OAny THE SELF h/T O.=

ii P/PE PO.ST kJHICH IS 6( FOR A 3)jg6x 7'O ''
,

LOAIG P/PE. By INSPECT /OAl, A'EkJ 1--4MX3PO:
l' ROV /DED is Ok .



. _

-. _

\ .

.

URS/BLUME
130 Jeeme Street (at New Montgomery)

SEET No 5San Francisco, CaNforma 94g

' ,/ soe na emo-s2 aos COMMCr/ Cur YAA/ REC BY DAS DCE 9 /6-&

CUENT tJUSco SUBJECT BLOCK v/ALC MO D tP tC ATIOlsh CWb O//]DCE9-/9-70

WALL 4- CYPA S IO2 &I03 ra?, acrAits nor .sno:sy,
SEE SMr N05./2-/6

DES /6A/ SUPT @W Fet WALL /Al /7 5 OWA/ PLANE

A. CREcx VER r/ CAL 6AACE (SGE SKE7CH OAJSH1; /2)

7. SE/SH/c cestr&A .

w: 0 546 Mo

2. wr of /g * CosCperE Beier AML4 PER Foor HE/6M C

/. Of */,%C= /15fe/ x /. 3 3 ',r . S. 4 =

ue/ fray //

.-

i

E. L ATTYcAg F$/CE ara fv0f HC/SM7, f
$69r/g.p = 0.:r4 6 i f.09 c/r1 =

K
1 .ONECA* Q y //. C 8 /g A C E

ASSUNE .WAfAf SdW0$75

R :

2 76*6 = f.2 = 0. s3 (+. i1 )
=

n

R = 0/z. - 2 74Y1 = . /.ze"
,_

9 9, s , y , g, v , q,s y ',,y , /13 ''K
J: 48 $*e.s3 eje y ,

g

| 0

( ; 6-

S CNFCK BEND /NG CAPAC/rf A 80Ur f4/A|0K AK/S,

Fy 0.75 ; # Q r f.33 x 0 6 % : 3 9 x8i
~

k d ." I S 3 * 2 4 . $ L*,i M KSE ) [k
S o 16i.5g

t

NDf5: CCs B. Z AND CMNECT/DNS Aff SAM &~ AS FM
s

6v444 C YPAB /04, BVr Sr.vJ'_ssC5 ALF SPIAllEE
o'o No ADD /r/ oval. CALCS frQu/MD.



. . -. .- ~-. .. .... ..~ .-. . _ .

_

. .

/

(. - '

.

URS/BLUME -

130 Jeesse Street (at New Montgomery)

San Francisco. California 94105 SEET NO 6
Joe Na 8110 o3 Joe conNecritor VANNEF BY BA$ DCE *1- 14 8 o

'

CUEMT .00SCo suBECT B OCX WALL MDO/cic A ric>Als CWh|N' / tWE $~|9-57)
'

-
.

_ _ . _ . . _ . . ._ _ . - __. ._ __ _ ._ _. _ _ _ _ _

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

. . AS A sosisr/ost 7'o rrg . 19ee84,msf p t.osep /MC Cdt/SfD Af
- .- MOVEAfCNf W/7W/M 77t'E V2 * 646 R.ACf A BfAtr R479 RE7 net |ird__. _

. ___. .._. /JPE MD ME7ML DVC'K AS SHOWW. . 8f4ON._ __ _ _. _ . . _ .

i
._ ._ _ _ . __ .. . __ _ _ ; _ _. i _ .___. . _ _ _

._ _ __. . __ _._. _. _ ' _ _ . _ . n. -- .- .. . _ _ . . _ . . _. . _ _ .

. . _ . . __. . . _ . _ . -- . _ . _ _ . . _ _ _ _ .. ._ _. ._ _ . _ . .

.

. _ _ . _ . . _ _ _ _ _ . _ -._. . _ _ _ ___ ._.. . . . ._ _ g7 - -- _ _ _

'
__. _. _ __. . ._ .. _ . _ __._ _.___ _ _ , . . _ .__ ___ ..__.

_. ._. g*g 9 __. _ _ . .. .__ - - __ __ . _-_ . . ,,
i

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

_ . ___ . ._ ._ __ _. . _ _ _ .__ _ : _ _.. _._. __._ . . _

,

_ __. . _ _ .__ _ . . . _ _ . . _ - . . ._. _ -. .

__. _ _ . _ __ _. 4 4, _ __ _ . _ ._. _ .__

s
.. ... . . .._ _. _ - -- ._ . . ._ --. .- ._ -

.__ ._ .. _ .- .IG __ . __ ._ _ _ . . .._.

|W: Vs* BE.4T . R. _ _ _ _ . . .__ ___ ._ ___ ._. ,,

._ __

M E I RoeER.TEoda
._ 3, g..- ._

h - !
~- ~

~d - AWED ERJAL~
GALVA4ezen A

,

_. _ __
._ J , _._

__. __ _ _. _ _ _ _: '
_ __ .. __ _ __

/ / / / / / / / /
.. _ - . . _-. _. ._ _. .e: owe. smcx wAu._ _ . _ .- ._ . ._ . _ .

_ _ . .._ .__ __ __. ._ _ ___ -_ . _. ___ __ _.. ._ . _ . . _ _ _ .

-- - ._. ._ ... _ _ PLAN WE W __ __ ._. _ _ _ __ . .. _.

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

_ ..__ __ _ SCALE. ONE- H ALF FOLL "S t 7 E . __ __ _ __. .. _. ,_

.- . __ __- _ . _ _ _ . - _ _ . . _ -- ._. - - - - ._. - ._. -

. ,em . M . .we m ,,p. p g w . m m ._ h . M & ' N *6

..p .e_ .g-. gp.i __ q .. .-m. e_= w e.e .al. ._ *P. .M h * * - *

1 -- - _ .__ _ __ __ .__ . _ . . _ _ _ .. __- -. _ . - - -

_. . _. . . _ .. _ _. . . . _ . _ . _ . . .- - ._ -- - .. ..

| -. . __ .. . _ . . __- _ _ _ . , _ _ _ .-_ - _ - * -

.. _ . . _ ._ .__ __. . _ . _ ._ - - - .- -- -- _..

a.p. W .m , . . . w g - - N .g_. M' N N DN9 "M "* ** *

. -. - -



- . . . .

o - - .

.
-

% ..

URS/BLUME
*

130 Jessie Street (a' New Montgomery)

San Francesco. Cal:fornia 94105 N NQ

.oe no. R!)//)-C! Joe C OAINECT/C.ur YA AlKGE av PA/AJtnre 9 .3-mq
*'

cueur Atti.Sm SUBJECT BtOct k.)A t. t. J.-tch/r~/:AT/C/Js o b (ffL tare 9-T-Pn
/UALLS * YPAB /02 A/OS f-

* ' '

L-

Sg , ,

-

DET C '
' '

t.o" e f.to" / ppf,.9)%,w ~ <
( NEA) C 6 x B2 . .y '

,

/

f / ,

. \
, < giAi.i.

. .)_ .-

y | ,. . ,-
.

|; % ' ''

Tor or / , '

- .- t

||
'

Ifit t V o tp.s .

| ,- g ,'y' cmc. (J, , . -;| ccxv.2 . . - / !.; -
-,-

-

f'| /
,

.scict:s ,
-

|
A m er m ps ex .' i.

,, , /' W'Ne/&vtg 7' ,.' ,' j. , ,/ - -i , ..
, ' -

fr a 1
- ~ - -: ;t

_;

c Sx '/f I -'I i 1'
_

.

I
-

-

N I '

| i | .tI i ..

| !|;| % D ei J 'I 'P
1 I

' -' - I
1

-

>[ l ! l i l'

h | l ' j!
-- I j

' s

| L MI ,9 9
l
jl-jj.~

,/ .- -
,e

- -

\:: /

.-
|

,

||,
,

-

.i .-
/ / .- .

|
.

, , , .

/. ..f / / | '| / ,-
.

'
'

;-- | /

.' 1 . | / S$ J .~ !

''
'

/
DEX8 | | ~. A -2 GARCS

-'
- -L;

L.2 . / .W"* TMS 7'lP. .-. .

,

, ,
_,

V j jj %. y . .h .
-

-
.

-
.. . . ,

,

|| |||
-

. .--

..
.

.' \. '-
-

. .

| ||
'

d |--v _.

|j|
~ * .--

[ N EK/ 50/,75 I s

NEWDUE.pt
, ii g g

,

1I;f7- I o*-
, .

s s < '

[,8 f +'+ -
s-

-

+- | +-
.

Ie * .
.

1 '

EL$VATIO_i5 OF hlOR7*H'' FACE - C'r'PAff02 ASfqq



__ _. . , _ . .

(
URS/BLUME

'

133 Jessie Stree: (a? New Montganery)
hSan Francisco, Califxnia 94105 8 FEET NQ

. OB NO S0[A-0EJoe CO/JA./E C 7~/C U T YAh/KEE BY Ph/Al MTe f-?-?D'

5 .:ueur Nusco suncr &Ccc. JJA U. MGZ)/F/ CAT /OA/S o bMit wre 7-T-Fo
"

W/ L L S * CYPA B IO2, /03 d/04-
.

16'2-; ' ;

,
.ny . .

2., - -

I
' ~

NfW . .
,

//fW BENT ft., BETW .
~ >J',

g. .. .
,

*
.

EL. 2.j! " d Y3Y i 1 .-
'

G
WM * f'_(/ . ~ coHe. scicz-

pfn.575EL DEM ~ {(,
. .. / /,,,

|
WL L-'

; ',/
- 4chEC.T.0 4 SEC.3 [ .'. , . .

20 G o . G AL V. CR \
*

/PPROVED equal \ .| N{ &
,

*

l
'** *

g,! '. . , ,/ / / N eC, ($

.

h

/ , ''. . 'l.'

paci- 97tet. I
,

MCK /A1 P4.4 CE. . | 1 . .
V

l CC'='AM [D&Es * fQ '
.' ~,- .' *E/J&dGE /AtTER- . ,

*

{. )p', 1
*

* .
, ,,

S.Y 9://|./ ,
-

I Q .

%* YI

|| / 1/,, ,,p i / ..' , . -
-

,

,

|
--

, // ./NEv/ |
*

.

I
y .

. ///
'

S4 ~$5 C. ,

Q)
//

*

P/PE ,.'

/ ' / ,/
-

( '..'/,['/
_

!! L ' . * / EL.21 G" ,,
i

9 .... . .: .;. -m.4
'

'

f . , _ p - p_ . - - - E .
,,

AfW .STEAP kiv3 * ' ! I
~

~

l
;

,

A[l f- % 'd X 7 " , -- --

. 5I gg g-{[' .

'
niiksoLrd@ gi o.c. I

p
-

, ~.

NEW 2-5f A 57/ BxfJ @ 4"e.c.
'*

|. . .
.

%Y 4( - si.or actes tu A+se et 4' L Millt.L
''~

.-

_

:' new aa i egeo'80 q
'

SECTICA) /-A,

mi wasxo-w, - - -
_

.

2- up" wimwe a"a.a. _| ; ;
..

_ ',, ' W .' "



- _ .

.

-.-__
_ _ _ -

... .. .. . . . . _
.

, ..

.

URS/BLUME
130 Jessie Street (at New Montgomery $ g-
San Francismo. Ca2iumia 94106 9.GT NO /

JOB NO 6.ON-0.? JOB COM&GCr/dWP YA/Nf6 pt 2345" OCE 9-#NM>)
cxxgr nacco a r rer Bt.ocx w/ALL Aeo/rece r/ON r OKb /% ocre 9-M-fo

-- YlALLS CYPA B /02 IO3 6|04, , .

.

----- .. -- _. . .- .., ... . __.. .;.
__. _,,.. _ __

; '
+.

i . 7 .-- -- .- --. - . _ . . . . .. . __ ___ ,___ __ ,_
---

. ,

- ' ,

.
. .. i ;

L
.

; .-
- .. -- -- - __.i_..__..',___._.'__;__4--- - --

- - : -. - -. - ; _. . .- ._ _

;
. .

__ _ ._ ,_

I
'

.

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

. .-

_
$~ ~. -

- 9
- - - - - --. - . .. .gg,gg p,gg..

j /-

i .-- t. - ;- , .- _ - __ _ _ _ - - - __ .. _ ._: ._
i . . , . .

- ; .. ,, - _.; _. _ . _.: _. __. .__ . , _ _ , , ,
-.- - - - ._

'

._ .I %-- . .. .. _ f . '
*

-HETA Lb. f ._ -,2_M__ .
'_'

; DECA:t
_ .. ._ _ . . . - - _3 _ _.. _

; usw -f(Bent _R & |h ' ~*S . ' ).
. r a
' .

I --
.

'
.

-
'

--

. . . . .. - e - .- - ..-- -- ; ---- - ... . , y,W . _ ; . _

W EA. M Y ,9,_g y g _. _ ._. _. .
I Syg.q _ pgpg~ _ _ _ , ,_ _ . ,;

4 . . ._ - ,_ _ % _ , _. ; _ = _ _ , _ i_ , .
%. ' .

.
_

1 I
|-- - - - . . i - _. -- .

J
* i

+ _ _e .
, ,__ _. _ ._ . . _ . ..

i. : .,
p .

- - - . - -. .l
. .i

I

. -. .. _ J_ . .. . _'. g . ., ,
e '4 ; ,

*- - ,
--i -- - A - _..' t f j -

-

t : a. _ . . . ._
t e i j .

. -.. _. - i .

_ _ , ,_!
._. _.,

i i i .

' j i| '
.' ,

' ' '! | g
*

.

I !.-.}
|

-

g __. _.
- -- a . . . _ . ... . . ._ 9 _ . _ ,,

i ! . 6 I
: L .- - - i i - - - ~

,
-

i i
i

g | |- -t .-
_ . . 3__ ..__l ! ;

I !
' *i .* .

i..- 1 i - .i
. . t ;.

.. , # .,

. I i i Sgcr* g g' i i i
' '
-- - - - I '4. .- ..,

I a
| ., ,- .

3
. ,

b|
,

.
.

' '

[ b*

.
4 6 i;-- ;m - I --4 .- t . _ ... .

.

9 .

e

* g a
* e

'

*..-

..

. .

.

_._ _ _ _ _



'' : . . .... . . . . . . . . . . . ..:-. . .- .. .... ... ; ,

-

*

r et.

% u-

URS/BLUME
130 Jessee Street (at New Montgomery) j

SHEET NO /, San Francoco Caritornia 94105

ae na 7D40-03.ce toav Ys-^ttEe w PHAlon'/-3-80-

6 CUEur fJUSP suesecr cz m . stont vist.L menificsriots o b 14t on <?-n b
Nm .D~CTA /L. O-

ceczcio .bE7~A/L (B) - --

ew t u.vs rioz,a

3/ %' gw,+w.c6 - C
-

- T rl'j 'v/. .\ '''~ ces uc.
'

i C
*

..

| 'r BKlct . '

| & N '. - Y .?
,

g$'p. | f ''' / $ % WML U -t
I \/ \%x4

.%)
. . / \ , . '1 ' /./.~ '' ' Y-c(aic.35N ./

.

'. / /\ b4 W |

-

~.*

.4-b .-
..

~
* * 43ht L.- - p . ,. .

b.g.' 1, 'y new.) .e ;
~ '-

.

.

ca --

. -(
.

$, { NS W 2- $ A 307b205@ 2N.''d. C.
'

\,4
. _f . .

a. p ['
S 61./07 Q" / | %

~~ ~

Nggy z a --'

4- 7 - - . , 1 . . . .
.-

^~ '

.
SisV t,

[.b 4'|
A/EW -

<:
5"

NEW . }.....-....... * ' , ,
.

'Lby?
. . . . _ . cfg , ,

~ _ - - _ . . Lc.6KwicboHr5 .5 x-tic >n 69--

.

. . . . . . . . ( ,

. .. ..

3 [c.[:/ccce
wett.

n
xo't0Z

~ |- a
Mtw Lgysy5's .

'p 4-ht ! 7 ,,L w k & 2 0 S @ C ' o.. c . , u e w . . . .new cs,\

g __ y - - - - - - - - - -
.

, .

,, ',''
, p .. ... .. - . . . . . . . . . . . -

,_ , ,

'
., ,(.CN(,k[f[

NAu- .. . DETAIL DD - . . . . . - . . . . .

..-.. .... .-.

,

./ -- -

|,/ /,.
b

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

L^ .,9 /...,,....,........--
.

< n . . . . . .. . ..

~

ScAtt /z,. = l ,O ,. .
..

( I'_ r .. . . . . . . . . . . . . - . . . . . . . . .. . .. . . . . . . . . . . . . . . .

. . .-- . . . .-

~

PETAIL S FOR WAELS CY'PAb /02, /03.4104



. . _ . _ _ _ . _.. - . - _. _ _

4

12 --

!

i

!

ATTACIDENT 4

consists of a 25 page (sheets 86-110) example of the use of the working
stress design method used in the modification of masonry walls at the
Haddam Neck Plant.
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Attachment 5 consists of the Final Report on Safety-Related Masonry Walls at
the Haddam Neck Plant.
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'. 1. INTRODUCTION
.

- 1.1 Purpose
.

This report, prepared by URS/ John A. Blume & Associates, Engineers

(URS/Blume), for Northeast Utilities Service Company (NUSCO), summarizes

the results of the analytical study of the structural adequacy of the

safety-related masonry walls at the Connecticut Yankee Atomic Power Plant

in response to the requirements of the U.S. Nuclear Regulatory Commission

(NRC) IE Bulletin 80-11!

Connecticut Yankee is a 600-MW pressurized-water-reactor nuclear power

plant located in East Haddam, Connecticut. The plant was designed by

Stone & Webster Engineering, Boston, Massachusetts. It began commercialo
.

operation in 1968.
!

.

1.2 Objective and Scope of Study

The objective of the analysis of the safety-related masonry walls at

Connecticut Yankee was to meet the requirements of NRC IE Bulletin 80-11.

The bulletin specifically requires the following:

A description of the safety-related masonry walls, includingo

their function, material properties, physical characteristics,
and locations

A description of the practices employed during the constructiono

of the safety-related walls,

Discussion of the development of the final design criteria used-

o
for analysis of the walls, along with detailed references to

,

codes, reference material, and reports

.,



'.

. o A description of the types and magnitudes of loads that the
. walls are required to withstand

.

Discussion of the mechanism by which the loads are transferredo

,
from attached equipment to the safety-related walls- -

The masonry walls were analyzed for dead, live, seismic, and all other

applied loads as specified in the FDSA (final design and safety analysis)

report for Connecticut Yankee.

4
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2. FIELD INVESTIGATIONS
,

-

'

2.1 Results of Field Inspection,

The entire Connecticut Yankee plant was inspected to verify that all

masonry walls in the plant were shown on the architectural drawings and

that all walls on the drawings actually existed in the plant. The

drawings were found to be correct.

All of the safety-related masonry walls at the Connecticut Yankee are

categorized as non-load-bearing walls. These walls function as either

partition walls, firewalls, or radition shielding walls. All of the

walls are single-wythe concrete block walls, and all were built after

construction of the main structural frame of the building in which they,

.

were located.
.-

.

To determine which walls were to be selected for analysis, a masonry wall

was defined as safety-related if it had safety-related systems, equipment,

or components either attached to it or located in promixity to it in such

a way that a wall failure could affect a safety-related system. Safety-

''

related systems, equipment, and components were listed in the (QA)

! Category I Material Equipment and Parts List.
I

In general, a safety-related system, item of equipment, or component was
.

considered to be in proximity to the wall if the radial distance from the

- base of the wall to the edge of the item (i.e., the radial distance about

an origin located at the bottom of either face of the wall) was less than

4
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*

the height of the wall. This criterion was applied only to items directly-

,

-

in front of or behind the wall and in the same room or enclosed area as
''

. the wall. In' special cases, where engineering judgment was used to

define proximity, the reasons were justified and documented.

Table 2.1 is the final list of walls that were determined to be safety-

related and shows the systems, equipment, or components that qualified

each wall as safety-related.

2.2 Description of Masonry Walls

Table 2.2 lists the architectural drawings that show safety-related

masonry walls at Connecticut Yankee. The drawings show the thickness of

the walls and also whether they were grouted. The thickness and length-

of the walls were found to be correct as shown on the drawings.
.-

.

Table 2.3 summarizes some of the required information obtained from the

field inspection of each safety-related masonry wall. Additional information

(e.g., block size, location of openings, weights and locations of attachments)

needed for the analysis was also collected.

2.3 Construction Practices

The practices used in the construction of the masonry walls at Connecticut

Yankee were set forth in the original specification for the masonry work

|
- and are summarized in this section. The URS/Blume field engineers did

l

I not find any deviations from these specification requirements. Table 2.4

A
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TABLE 2.1-

-

%,

)- SAFETY-RELATED riASONRY WALLS AT THE -
'

.

CONNECTICUT YANKEE ATOMIC POWER PLANT 'T
\\

.. .

.~
-

a
,,js-

t
'

Location Safety-Related.** s,, ,,
, ,,. Systems, Equipment, ano conponents

8vilding Floor Elencion Column Lines ,in Fronimity *d the Wall

CYCTICOI Containment 22'*0" 6 Wide range level transmitters .

IN'" d' * 'N"9''

pumps and a tors (and assoclag[ *g
Cv5F1001 hew and Spent Fuel 21'-6* R-5/104

-4tv5F1002 5/104-105
piping and electrical cables; .

,

Cv5F2001 35'-O' ' 5/101 104 Migw-point suction pipe %

to spent fuel pit pump

CVDG1001 Dieset Cenerator 21'-6" D- E /12 Diesel generator saltchgear
CYDG1002 0-t/12 penets, electriest cables, and

CYCC1003 tHE/12 air compressor

Cv001004 0-t/13 %
s

CYPA8101 Primary Assillary 21'-6" Y */10-11 Service water pipes, low-pressure .-

safety-Injection pumps and piping,
, and cable trays

CYPABt02 h J K/11=12 Charging pump B'
s'

CYPA8103 N J-K/il 12 Charging pump A

CYPA8104 i L/II Charging metering pump

(YPAB105 L/12 Nonregenerative heat exchanger
'

CVPA8106 m-4 /11-12 Service water, purification
pump, piping, electrical conduits

CYPA6107 L-18 Charging metering pump

CYPA8108 E-Il Charging pump A
- s . s

CYPA8201 35'-6" F/Il-12 Service warar piping, batteries located
in ter alce Osliding switchgear room

*~ Cv'A6202 F/10-11 Batter:es' tocated in service Swilding
*

cvPA8203 F-H/ll $ert'Ce water piping

CYPA6204 M/10- 11 Service weter piping

(vi81007 turbine 21'-6" C-0/Il Service water piping
Cyt01008 UA-2 A'as i l l e r y t e'd=ater flow transeltters

tvi8100) l/l Availlary feed.ater piping

(v181010 t/0-1 Aunillary feedwater piping

Cvi82004 37'-f," C-0/1 Feed =ater piping

tv1B2005 C/l Feed =atre pip!ng

(v581001'
and Service 41'-6" F/10-11' Satteries, ventilation dwet. switchgear

(v581002

Cv581003 0-F/8 5=lichgear cable trays

Cv582002 59'-6" t/9 5 Control ventitation system (vent ducts.
fans, switches, and air da*cer)

Cv582003 EI8-9.5 Control venttiation syste= (vent ducts,
fans, switches, and air damper)

a. The wall iden t i f ' cat ion nw*ber is defined as follows: T he first too letters stand for the ple't (*onnecticut

va%ee). The nest two or three letters indicate the building (e.g., TB = Turbine Balising). The nex t no*Ser
represents the floor level (e.g., 2 = second floor). The last ' two- of three-digit nw*ber is an arbitrary na-ber
assigned to the wall.

'
b. This is the top of Cvie1009

,
c. These are the toos of CYPA3201 and CVPA3202.

.

-%

- 5-
-

'
- .



,

I ,

., .

-
.

,

%

. .

.

TABLE 2.2

REFERENCE DRAWING LIST,

CONNECTICUT YANKEE MASONRY WALLS

Reference Drawing and
W 11 ID NumberRevision Numbera

10899-FA-7C, Rev. 7 CYTB1009, 2004, 2005

10899-FA-11B, Rev. 8 CYSB1001,1002,1003, 2002, 2003

10899-FA-15A, Rev. 7 CYTB1007

10899-FA-16A, Rev. 6 CYTB1009, 2004, 2005, CYTB1010

10899-FA-20A, Rev. 8 CYP AB 101, 102 , 103, 104, 105, 106, 107 ,,

. 108, 201, 202, 203, 204

10899-FA-22A, Rev. 6 CYSF1001,1002, 2001-

10899-FA-31A, Rev. 2 CYDG1001, 1002, 1003, 1004

10899-FC-38B, Rev. 4 CYCT1001

10899-FC-63 A, Rev. 3 CYDG1001,1002,1003,1004

10899-RA-3A, Rev. 9 CYSB1001,1002,1003, 2002, 2003,
CYTB1007, 1008

10899-RA-11A, Rev. 10 CYTB1007, 1008

a. Drawings were completed by Stone & Webster Engineering, Boston,
Massachusetts.
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TABLE 2.4

MATERI AL PROPERTIES OF CONNECTICUT YANKEE MASONRY WALLS

.( Material Specification

Concrete Block Units:
Exterior or Load-bearing Partitions ASTM C90, Grade A

Non-Load-bearing Partitions ASTM C129,.

- Solid Block Units ASTM C145, Grade B

Lightweight Block Units ASTM C90, Grade B.-
.

Mortar ATSM C270, Type N

( Reinforcement ATSM A305 and AIS

(

(

.

9

. - *
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.

' , . lists the types of materials specified for construction of the masonry
,

walls and the ASTM specification for each material.
..

.

.

The workmanship described in the specification was required to be of only

the highest grade. Masonry blocks were to be kept dry while the walls

were being constructed. The 3/8-in.-thick mortar joints were specified

to have full mortar coverage on vertical and horizontal face shelves.

Blocks that were to butt up solidly against the underside of the roof

decking girders, and beams were to be mortared solidly in place along the

joints. The mortar joints of all masonry walls were specified to be

struck off flush against the wall surface. Bed joints were to be full

and level and not furrowed. Vertical mortar joints were to be shoved

tight.

..

.

.,
Before starting the work, the contractor was to have furnished two

'

samples of each type of concrete block for approval by Connecticut Yankee

engineers. During the time of the wall construction, the engineers

reserved the right to inspect the work.

The specifications also stated that the contractors were not to be

relieved of any responsibility for quality, material, workmanship,

correctness of details and dimensions, or any adjustments, changes, or

repairs that may have been found necessary after delivery of the material.

Furthermore, any work covered up without approval or consent of the
.

engineering superintendent, or without necessary tests and inspection,

could be required by the superintendent or public authorities to be
.

uncovered for examination and testing.

| . -
,

10
-
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' . . In summary, it appears that the masonry walls at Connecticut Yankee were
,

constructed in accordance with the masonry work specification and that
..

1 they were constructed with the highest grade of workmanship and the assurance

that the materials did not fall below the minimum specification requirements.

2.4 Priorities For Analysis

In accordance with the requirements of NRC IE Bulletin 80-11 (for the 60-

day report), the safety-related masonry walls were assigned priorities

for reanalysis of high, medium, or low. Within each of these three

groups, individual priorities were established for each wall, and the

walls were analyzed accordingly. The determination of the priorities for

structural analysis included the following considerations:

..

*

The importance of the safety-related equipment located eithero

on a wall or near a wall. In general, equipment is safety-related,.

. if the equipment is necessary to shut the plant down safely
during and after an earthquake or if the equipment can possibly
fail and cause a release of radiation that could harm the
public.

The nature of the loading on each wall and the distribution ofo

the loads. These loads included concentrated loads for equipment
located on the wall, the distribution of loads from attachments
on the wall, and inertial loads.

o Structural characteristics of the wall. Wall dimensions, wall
thickness, whether the block cells were filled or hollow,
whether the walls were stacked block walls or mortared block
walls, the number of significant openings in the wall, and the
conditions at the boundaries of the wall were the major considera-
tions in this category.

.

e"

|

|
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" . . 3. DECIGN CRITERIA FOR ANALYSIS
..

.

.

Appendix A outlines in detail the design criteria used for analyzing the

safety-related masonry walls at Connecticut Yankee and also contains a

detailed commentary that provides justification for the use of some of

the critical allowable stresses that are specified in the criteria.

Table 3.1 summarizes the important structural characteristics of the

Connecticut Yankee masonry walls, and Table 3.2 gives the allowable

stresses for the masonry walls according to the American Concrete Institute's

code for concrete masonry structures (ACI 531-79), which are defined as

the acceptance criteria of the design criteria document (see Appendix A).
-

.

; ,
Appendix B discusses the phenomenon of gapped arching action and its

.

applicability to the safety-related masonry walls at Connecticut Yankee

and presents the theoretical development of the actual equations used for

the wall analysis.

Arching action can be considered in the analysis of the out-of plane
.

response of masonry walls provided the following conditions are met:

The boundary elements are more rigid than the masonry wall.o

The structural boundaries around the masonry wall are able too

withstand the loads imposed upon them by the arching action of
the wall.

'

There is adequate restraint against translational movement ato

the boundaries so that the wall ends do not move when the wall
arches (e.g. , wedging action or shear restraints allow the,

shear forces to be adequately transferred from the wall into

|
-

the boundary support).
:

|

-12-,

|
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f TABLE 3.1
__

STRUCTURAL CHARACTERISTICS OF MASONRY WALLS

AT CONNECTICUT YANKEE ATOMIC POWER PLANT

i
item Property

Blocks Compressive Stress on Gross Area:

ASTM C129: 350 lb/in.2
.g ASTM C90 Grade A: 1,000 lb/in.2

750 lb/in.2ASTM C270 Compressive Stress m# =

Type N Mortar

150 lb/ft3Masonry Walls Weight Density*
=

,

''

Poisson's Ratio v 0.15=

700 lb/in.2f' =

4

Modulus of Elasticity F =

420,000 lb/in.2600f' =

g flodulus of Rigidity C =

163,000 lb/in.2G. 4_] 240f'= =

i

e

,
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TABLE 3.2

ALLOWABLE STRESSES IN MASONRY WALLS AT

CONNECTICUT YANKEE ATOMIC POWER PLANT
I

ACCORDING TO ACI 531-79

Allowable
Type of Stress ACI Formula Stress

C (Ib/in.2)
Flexural Compression 0.33f' 231

Bearing (on full area) 0. 25f" 175g

Bearing (on one-third area or less) 0.375f" 262.5

Flexural Tension Normal to Bed 0.54I- 13.7I..- #
Joints -- Hollow Units

'' Flexural Tension Nornial to Bed 1.0di~ 27.4
#

Joints -- Solid and Grouted Units

Flexural Tension Parallel to Bed 1.04i- 27.4
I #

Joints -- Hollow Units

Flexural Tension Parallel to Bed 1.5di~ 41.1
#Joints -- Solid and Grouted Units

|

! Shear for Flexural Members 1.1/?~ 29.1'I ~

(no re inforcement)

l Shear for Shear Walls 0. 9 /?- 23.8
| (no reinforcement) ~"

l

|

t
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,

.,



.

:,

*

.

, .

. .

When a wall responds in an arching mode, a tension crack is assumed to

|
. have formed where the elastic moment and flexural tension stress are,

.

l
*
.

! maximum. Blast tests, in which a wall cracks and responds by arching

caused by out-of plane loading, with several cycles of back-and-forth

out-of-plane motion, have shown that the wall maintains its structural

integrity throughout the entire arching response. Twenty-five years of

theoretical development (see list of references in Appendix A) and

; testing indicate that arching action can be considered in the analysis of

those masonry walls at the Connection Yankee plant that meet the conditions

described above. Not all the Connecticut Yankee walls meet these conditions;

however, when applicable, the arching action mode of response can be used

to determine whether the wall will maintain its structural integrity with
~

- the boundary supports and not fall or impair the functional operation of
,

,
ar.y safety-related equipment.

.

|

l

|

|
,

|

|
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4. PLANT MODIFICATIONS.

.

Any safety-related wall which could not meet the analytical design criteria as

outlined in Section 3, was modified by one of several different methodologies

so that the resulting wall responses caused by the postulated loading. conditions

would not have an impact on nearby safety-related equipment. All of the necessary

wall modifications were designed and drawn on structural drawings and all

modifications have been completed.

.
'

)

* +
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APPENDIX A

CRITERIA TO REEVALUATE MASONRY WALLS

AT Tile CONNECTICUT YANKEE ATO.'fIC POWER PLANT
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1. INTRODUCTION.

I -
'

t -

e, These criteria are applicable to the reevaluation of the masonry walls at
~

the Connecticut Yankee Atomic Power Plant as required by the United States
.

'

Nuclear Regulatory Commission (NRC) in IE' Bulletin 80-11. -

( Characteristically, the masonry walls at this plant are constructed as non-
structural partition and shield walls. None of these masonry walls have
been incorporated into the lateral-load-resisting system or as major load-
bearing walls. Furthermore, these masonry walls are predominantly composed

( of hollow, single-wythe construction with mortar joints between the masonry
wall and adjoining structural elements.

All safety-related walls will be reevaluated for all loads and load combina-
( tions defined herein; the reevaluation will include the global response and

the local transfer of the equipment loads to the walls. Revisions of these

i criteria to address special cases not covered in this document will be pre-
sented with the necessary supporting documentation to the NRC for review.

i /

.

(

I
I

|

t

i

.

< -

.

.d
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. 2. LOADS AND LOAD COMBINATIONS

.

.

I 2.1 Loads

The reevaluation will consider all relevant loads and load combinations* *

,

specified in the FDSA for concrete design. The field survey of all safety-

related masonry walls at the plant concluded that none of these walls is

subjected to loads from tornados, winds, missiles, thermal gradients, pres-
sure differentials, pipe whip, or jet impingement. Thus, only seismic loads
must be considered in addition to dead and live loads. The following two

procedures shall apply to seismic loads.

2.1.1 Wall inertial Loads. Inertial loads due to earthquake loading will

be based on the " Interim Seismic Design Ground Spectrum for CY" currently
undergoing review by the NRC as part of the Systematic Evaluation Program
(SEP). This site spectrum curve for the safe-shutdown earthquake (SSE) is
only preliminary and utilizes a peak horizontal ground acceleration of 0.179
Conservative estimates of amplifying the ground spectrum for various floor

j- levels of different buildings will be made from this ground spectrum for

i analysis and design of the masonry walls. After the SEP detailed dynamic
| .

analysis is completed for the various buildings, the actual floor response,'
spectrum values for the walls at different elevations in the various build-

( ings will be compared to the assumed conservative estimates to ensure that,
the analysis and design of the masonry walls is adequate. Seismic input to

,

| the masonry walls will be as defined by the appropriate floor response spec-
tra at the base and top of the wall; the maximum response from the use of

either floor spectrum will be used in the analysis and design.

2.1.2 Equipment inertial Loads. The equipment support loads imposed on the

| walls will be distributed on any wall in accordance with the method of equip-

b', ment anchorage to the wall and the response of the attached equipment. Each

significant load imposed on the wall from an attachment will be treated in-

dividually and will be determined on the basis of acceptable structural anal-

ysis methods.
.

s
~

.

.

..
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/ 2.2 Combination of Responses Due to Different Components of
- Ground Motion

,

s. Codirectional wall and equipment responses due to each horizontal component
of ground motion will be combined on an absolute sum basis with responses

~ *

due to the vertical component of ground motion. .

( 2.3 Load Combinations

The reevaluation of masonry walls will consider the following load combina-

tions:

I Load Category Load Factors

D L E HE

Severe Environmental 1.0 1.0 1.0

Extreme Environmental 1.0 1.0 1.0
I'

where:

Gravity load of masonryD =

wall and attachments

/ L Live load=

OBE inertial loads fromE =
.

' -,
masonry wall and attach-

*

ments

SSE inertial loads fromHE =

( masonry wall and attach-
ments

'
(

I,

i

e
~

.

|
.
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3.. MATERIAL PROPERTIES.

.

.

f For the determination of the strength and stiffness of the structures, the

material properties will be taken as the minimum specified for the masonry,
.

~

mortar, grout, and steel specified in the contract drawings and documents -

(see Table 1). Testing for material properties may be used in lieu of the

8 minimum specified. Such testing will follow testing procedures defined in

the American Concrete Institute (ACl) publication, Building Code Requirements
for Concrete |fasonry Structures (ACI 531-79) . If testing other than that de-

fined in ACl 531-79 is to be used, a description of the testing program and
( procedures for using test data will be submitted to the NRC for review and

comment.

Damping in concrete masonry walls may be taken as 4% of critical for severe
i environmental load combinations, and 7% of critical may be used for extreme

environmental load combinations.

.i
,'

.

t

I

(

.

.

< -

.

A -4 Rev. 1, 3/12/81
8-

-_ _ ._



i -

.

'.
i. -

|
'

' <

L- .

~

.,

l

| '

!
I ii

TABLE 1

MATERI AL PROPERTIES - CY BLOCK WALLS

I'

Item Property

Concrete Block Units

Exterior or Load-Bearing Partitions ASTM C90, Grade A
i - Non-Load-Bearing Partitions ASTM C129i

*

Solid Block Units ASTM C145, Grade B
Lightweight Block Units ASTM C90, Grade B

-

Mortar ASTM C270, Type N
I

Re i n fo rcemen t A305 and A15

I

t

!

u -

.
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4. ANALYSIS PROCEDURES.

, .

.

8 Masonry wall stresses shall be calculated on the basis of the following
analysis procedures. Several acceptable procedures are defined herein,

ranging 'from the simplest and most conservative to the more rigorous and
realistic. If more sophisticated analysis procedures are to be used, a

( description of such procedures will be presented to the NRC for review
and comment.

4.1 Frequency Calculations

i
The fundamental frequencies of masonry walls will be calculated using
values for modulus of elasticity as defined in Section 5; moments of in- g

* ertia defined by the gross cross section, the mass of the wall, and all
attachments; and with the appropriate boundary conditions.;

(

4.1.1 Non-Load-Bearing Walls. Walls supported along all four edges will
be assumed rigid (i.e., fundamental frequency greater than 33 Hz) in their
own planc, in plane frequcncy of all other walls will be calculated using.

"

standard dynamic analysis procedures.
.-

I ~ 4.1.2 Valls with Openings. The fundamental frequency of piers alongside
openings in masonry walls will be calculated on the basis of a simply sup-
ported beam spanning the height of the opening and having the cross section
of the pier.

[
| 4.1.3 Load-Bearing Walls. The fundamental frequency of load-bearing walls

I
within the buildings will be calculated using standard dynamic analysis pro-
cedures, with adequate representation of any tributary masses.

!
|

4.2 Acceleration Response of the Walls
t

Given the seismic input to each wall as defined in Section 2 and the funda-
mental frequency of the wall, the applied loads for nonrigid walls (e.g.,

* [ < Hz) on the wall shall be defined by a uniform load u , where:
,

4 -

*

1

1. 3Sp (1)u =

A-6 Rev. 1, 3/12/81
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,
where:

- u, Applied out-of-plane uniform load in the direc-=

tion of ground motion
i

^

S Spectral acceleration for the fundamental fre-=
#

quency of the wall. The value of S shall be, e .
* from governing floor response spectra as defined -

in Section 2 and for wall damping as defined in
Section 3.

' (
Mass of wallr- =

'

In the case where a fundamental frequency for the wall is not calculated, -

the value of S n Equation (1) shall be taken to be the peak of the floor '

a
response spectra for the appropriate damping value of the wall.

|

Applied loads, both horizontal and vertical, where the walls are rigid
(e.g. , ' > 33 Hz) shall be defined by a uniform load u , where:

u = cm (2)
4

i .-
I. where:

'

Applied load in direction of ground motionu =
,

; a = Zero period acceleration from governing floor
response spectra

Mass of wall7 =

:

4.3 Level I Analyses

II This level of analysis defines initial conservative procedures that may be
,

used in the reevaluation of the masonry walls. More rigorous analytical

techniques defined in this document may also be used to calculate the re-
1 sponses of the walls.

fe

4.3.1 In-Plane Stresses. In plane shear stresses in the walls and piers
due to the wall and equipment loads will be calculated and compared to
allowable stresses defined in Section 5..

; e
-

!
,

:
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, 4.3.2 In-Plane Relative Displacement. Masonry walls that are confined on.

* the sides by lateral-force-resisting members (i.e. , knock-out panels) shall
,,

g, be considered as infilled panels, and the response of these walls due to

imposed ih plane relative displacements shall be calculated. A conserva-
*

tive estimate of the imposed shear stress T is: .

ffi (3)I T =

where:
;

Shear stress in masonry panel( r =

Relative displacement between top and bottomA =

of wall

C Shear modulus of masonry wall=

(
h Height of wall=

4.3.3 Out-of-Plane. Out-of-plane moments on the walls shall be calculated

c for the wall and equipment loads. The moments shall be calculated consider-
(

ing the wall as a plate spanning in one direction only and simply supported
~

at two ends. The elastic moment calculated must not impose extreme fiber
.

stresses higher than the allowable tensile stress in mortar as defined in

Section 5.
!

4.4 Level II Analyses

4.4.1 In-Plane Relative Displacements. An alternative and more accurate

|t approach to the response of infilled panels than that described in Section

4.3.2 is to consider the composi te action of the masonry wall and surround-
ing f rame,

, in general, this is a nonlinear problem since loads at the panel-frame

interface can only be transmi tted through compression, and the two compo-
nents are f ree to separate from each other at this interface.

.

The diagonal tension i r- the panel due to the :omposite action of the panel -,

! and frame can be calculated with the use of a finite-element or finite--

difference approach. This may be done by developing a composite frame-
,

A-8 Rev. 1, 3/12/81
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I

, panel mathematical model with proper consideration of nonlinear interface
,

conditions and then using the model to calculate the diagonal shear in the-
,

, panel for the prescribed relative displacements.i

| -
t -

' 4.4.2 Out-of-Plane. If the elastic out-of plane moments calculated in *

.

Section 4.3.3 cause extreme fiber stresses higher than allowable, a crack
g perpendicular to the span of the wall will be assumed, and the capacity of

the wall to resist the loads through arching action will be calculated as
'

follows:

e The loading on the wall will remain as described
i I in Sections 2 and 4.2 (see Figure la). This is

conservative since a crack in the wall will render
the wall more flexible and hence produce a smaller
value of S2 in Equation (1) than that based on the
elastic stif fness of the plate.

t e A crack will be postulated perpendicular to the
span of the sall (see Figure Ib) at the point of
maximum elastic moment, and the wall capacity will
be calculated on the basis of the moment P(u)r(u),
where:

'

f P(u) Compressive force developed at cracked=

1 boundaries (see Figure Ib)-

Moment arm between the two compressive
.

r(u)e =

.' forces (see Figure Ib)
e Maximum compressive stresses at the cracked sections

, and shear stresses in the wall shall be in accordance
with the acceptance criteria defined in Section 5.

e All walls qualified on the basis of Section 4.4.2
shall have positive restraint against out-of plane
translation at the supports, as shown in Figure 2,
or its equivalent.

i

e The maximum wall deflection (U) af ter initiation of
! cracking (see Figure Ib) shall not exceed 1/2 in.

1
i

4

j

,

,, .

|

|
|

'

1
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. 5 ACCEPTANCE CRITERIA

.

.

'
) - 5.1 Masonry Construction

ACl 531-79 shall be used as the governing code for all allowables, except*
-

as follows:

i i
600ff but not greatere Modulus of Elasticity E =

than 3,000,000 psi

240ff but not greater| e Modulus of Rigidity C =

j than 1,200,000 psi

Minimum Factor of Safety (FS) to prevent sliding and( e'

overturning is 1.5

e For OBE seismic loading, the allowable stresses can
be increased by 33%.

e For SSE seismic loading, the allowable stresses can
t be increased by 67%.

e For pullout or punchout, the allowable punching shear
stress is 2/ T for the masonry wall and 2di for the

'' #
: mortar.
l

8 5.2 Steel Construction
~

All steel construction shall be in accordance with requirements of the
.

American Institute of Steel Construction (A13C) in Specification for the
Deci,7n, Fabrication, and Erecticn of Structural Steel for Buildings,1979
edition.

(
;

1

1

,

e

9

I

e

P
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6. ACCEPTANCE CRITERIA FOR MODIFICATIONS \; t$- ''

,.

* 'Ns
, s

.N
'

4

| All modifications to the masonry walls shall be in accordance with the ., ^

,

acceptance criteria defined in Section 5 '
-
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, This document summarizes the results of various research studies performed
_

- in order to develop items discussed in Appendix A, specifically the
ACI 531-79 allowable masonry stresses, the allowable stress increase, the,

'

modulus of elasticity, punching shear, sliding and overturning, and dumping.
The refe,rence material reviewed as part of the research effort to help- *

,

establis'h the reevaluation criteria is also listed and discussed.

(
ACI 531-79 Allowable Masonry Stresses

The allowable masonry stresses according to ACI 531-79 are specified as be-
ing the basis of the masonry acceptance criteria in Section 5.1 of the

( design criteria. Of the allowable stresses specified in the ACI code, the
most significant stresses that controlled in determining the structural ade-
quacy of the masonry walls were the stresses for flexural tension normal

and parallel to mortar bed joints (for elastic analysis), flexural compres-
a sion (for analysis of gapped arching action), and shear for shear walls and

flexural members (for elastic analysis). Bearing, axial tension, and axial

compression stresses were usually quite small in comparison with the values
allowed by the ACI code.

:
I

A report by Jack R. Benjamin & Associates, Inc. (Attachment B), summarizes
. the results of a statistical analysis of all available test data to estab-

lish the safety margins inherent in the ACl allowable stresses. The statis-
( tical analysis focuses mainly on the allowable flexural tension, compression,

and shear stresses, which are the critical stresses for determining the
j structural adequacy of the Connecticut Yankee masonry walls. The results

of this study show that there are adequate margins of safety in the ACI
l allowable stresses when compared with the ultimate stresses that induce

failure.

Allowable Stress increase
' Secticn 5.1 of the design criteria specifies that the allowable ACI normal

working stresses are allowed to be increased by 33% for OBE loading and by
67% for SSE loading. The results of the statistical study by Benjamin show
that these increases for the allowable stresses are reasonable and that the

' .

increased allowable stresses are still below the ultimate stresses. The

A- 14
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33% increase for the OBE in the allowable stresses is identical to the increase.

, allowed in many structural codes (AISC, UBC, ACl) for short-term loading con-
-

ditions. The allowable stresses can be increased by 67% for the SSE because
!

the probability of occurrence of the SSE is relatively low, and, if it does
occur, the allowable stresses can reach the ultimate or yield stresses. For -

structural steel, the 33% and 67% increase factors are also permissible (the
AISC allows the 33% increase for wind or seismic loading); the 67% increase

''

for the SSE will increase most of the allowable stresses to the yield stress
(e.g., the normal allowable bending stress is 0.6F , and 1.67 x 0.6? = F ).

U U U
However, the maximum allowable steel stress with the 67% increase will always

,

be less than the material yield stress to prevent permanent inelastic
(

ductile deformation.

Modulus of Elasticity

, There is a wide variation in the available test data on the modulus of elas-
ticity of masonry block (E ). The Appiled Technology Counci1's code value
E =600f4isclosertothemiddleoftherangethantheACI'svalueE =

1,000f'. The ACI and UBC are considering changing to the ATC value. There-
i fore, the design criteria specified the use of E = 600f'. A lower value ofj

E,,, yields higher calculated values of strains and deflections and lower values
#

, for frequency in masonry walls; however, the selsmic loading could be smaller
larger when using a lower value of E , depending on where the calculatedor

g frequencies fall on a response spectrum.

Punching Shear

; For pullout or punchout through masonry walls, the allowable punching shear
i stress isspecifiedinSection5.1ofthedesigncriteriaas2,{forthe

masonry block and 2,7 for the mortar. There is no criterion for punchouto
in any of the available masonry codes; however, for ultimate strength designi

l
I

of concrete, the ultimate punching shear stress is specified as 4( (where
f', is the compressive strength of the concrete). In converting this ultimate

'

value to an equivalent allowable value, it is necessary to divide the ulti-
mate value by an adequate factor of safety. Using a factor of safety of 2.0

givesanallowablevalueof2,Qforconcrete. Substituting the compressive

st re ngth of the masonry wall (f,') for f' gives an allowable value of 2%
_'

for normal loads. The 33% and 67% increase factors apply for increasing the
-

.
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allowable stresses for the OBE and SSE loading combinations, respectively..

$ The actual shear stress due to punchout or pullout is calculated as the
'

actual load divided by the surface area of the pullout pyramid or cone (a
procedure similar to checking for proper embedment of anchor bolts or find-

-

ing the , required thickness of a concrete footing supporting a column load). *

,

Sliding and Overturning,

i

As stated in Section 5.1 of the design criteria, the minimum factor of
safety to prevent sliding and overturning of the masonry walls is specified
as 1.5. This minimum factor of safety is to be used for both OBE and SSE

( loading. Wnen normal design loads are resisted by structural members (retain-
ing walls, buried structures, etc.) a factor of safety of 2.0 is normally
used. However, since the OBE and SSE loadings are applied only for short
periods of time, use of a factor of safety of 1.5 is reasonable to ensure

g that a masonry wall does not slide or overturn. Moreover, the NRC indicates
that factors of safety for overturning and sliding of 1.5 for the OBE and
1.1 for the SSE are acceptable (Standard Revieu PZan, NUREG-75/087, Section
3.85, Subsection II.5). A coefficient of friction (u) of 0.8 for masonry

'

/ against steel or concrete can be used for calculating the resisting friction

;
'

force to prevent sliding.
.

Damping

(
Damping values ranging from 8% to 10% were determined from tests of double-

wythe masonry walls built with solid unreinforced brick (see Reference 7),
in which walls were loaded out of plane until the first cracks were formed.

| The results suggest that a damping value larger than 7% for the SSE could
!I possibly be justified for concrete masonry walls. No test data were found

that discussed damping values for single-wythe masonry walls.

Section 3.0 of the design criteria specifies that 4% and 7% of critical
'

damping can be used for the OBE and SSE, respectively. These values were
selected on the basis of the acceptable values for reinforced concrete struc-
tures specified in NRC Regulatory Guide 1.61, Damping VaZues fcr Seismic,

| - :ccign of :.%cicar Pccer F knts.
. -

.
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'. Reference Material

Following this section is a list of the reference material reviewed as part,,

1 of the research effort to help establish the reevaluation criteria. The

specific information obtained from the references and its application are
. .

summarized in this section. ~

( 8enjamin and Williamsl investigated the effectiveness of the unreinforced

brick masonry walls, both without bounding frames and with reinforced con-
crete or structural steel frames, in resisting horizontal racking loads.
Smith and Carter 2 established a procedure to predict the ultimate racking

( load that can be applied to a masonry wall and checked the effectiveness
of this approach by using Simms's3 racking test results. Williams 4 pe r-

formed several tests to determine the racking strength of reinforced hollow
concrete block walls and brick walls. He also studied the influence of

( precompression on the ultimate strength of the masonry walls. Mainstone
and Weeks 5 have conducted several racking tests on solid brick walls
bounded by concrete-encased steel f rames to investigate the influence on

,
the composite stiffness of the stif fness and modes of deformation of the

.i frames relative to that of the walls. Schrivener6 did a series of tests
,. on hollow unreinforced concrete masonry walls subjected to racking loads.

The main purpose of his tests was to study the effect on the strength of-

walls of varying the reinforcement ratio and the spacing of reinforcing
( bars. These references provided valuable experimental data useful to

the study of the racking of masonry panels.

Using elasticity theory, Blume and Proulx7 derived a formula to determine
( the maximum diagonal tension and nominal shear stress for the center ele-

ment of a square panel subjected to a diagonal compressive load. This
derivation was helpful in the determination of allowable diagonal tension
in masonry panels,

t

Smith et al.8 did finite element studies of bricks in diagonal tension that
were useful in providing insight into the stress patterns that occur in

racked masonry panels. Smith 9 also derived a method for calculating an,

,
equivalent diagonal strut to model the behavior of masonry panels. Although

.

.

9
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it was based on limited data, this method could provide a useful modeling,

- technique if further research is done.
..

'(
References 10 through 15 gave useful background information to the studies
of the racking of masonry panels."

.

,

McDowell et al.16 developed an arching action theory for masonry walls sub-
jected to transverse bending and correlated this theoretical work to experi-
nental results that were unexplainable by conventional analysis. His theory

formed the basis of the analysis of the out-of plane arching of masonry
l7wall panels. Cohan and Laing presented a simplified theory in their dis-g

cussion of McDowell's paper using a stress block rather than an elasto-
plastic nodel. E remin ,18 Cohan and Laing,I9 and McKee and Sevin,20 investi-

gated some of the design aspects of the arching of walls in their work.

(
Gabrielsen et al.21-24 did shock tunnel testing of arching walls, providing
data on their cyclic performance and ultimate strengths.
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.

SUMMARY AND CONCLUSIONS".
.

(
.

Review of available literature and statistical analyses for
unreinforced block wall test data was performed for the following types
of allowable stresses given in the ACI 531-79 Code:

i

Compression*

*

Tension normal to bed joint and parallel to bed joint
* In-plane shear

(

Because of the charateristics of block walls being analyzed by URS/Blume
in response to the requirements of NRC IE Bulletin No. 80-11, only
unreinforced block walls constructed with running bond were considered.(

A statistical analysis of data for each stress type produced a
factor of safety and data dispersion statistic. The data dispersion
statistic was defined to be equal to the number of standard deviations

I
. between the mean and the allowable stress.

.

-

Factors of safety and dispersion statistic values greater than two
j provide an adequate basis for defending the ACI 531-79 allowable values

for existing block walls. Based on this criterion and engineering
judgment, it is concluded that the following ACI 531-79 Code allowable
stress values can be safely used:

'
Compression:

0.33f[
Tension parallel to bed joint

Hollow units: 1.0%
Solid or grouted units: 1.5%

In-plane shear: 0.9,k 34 for M/Vdr > 1.0

where f is the block prism compressive strength, and e is neg
nortar cube compressive strength.

,
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' . ' The test data for tension normal to the bed joint produced mixed,

4 results. Is is, therefore, concluded that the allowable values given in(
. the ACI 531-79 for this stress type may not be reliably conservative.,

. However, since arch action can be used in the event that computed

stresses for tension normal to the bed joint exceed allowable values,
this may not be a serious limitation. Finally, it is recomended that

i

the allowable in-plane shear stress for M/Vd ratios less than 1.0 also
r

be based on the formula, Vm = 0.9df,34

4

(
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. INTRODUCTION
~

o
c

.

Review of available literature and statistical analyses for.

unreinforced block wall test data were performed to develop a technical
justification for using the allowable stresses given in the American

i

Concrete Institute Code: Building Code Requirements for Concrete Masonry

Structures (ACI 531-79) (Ref. 1). This project supports work currently
being conducted by URS/ John A. Blume & Associates, Engineers (URS/Blume)

in response to the requirements of USNRC IE Bulletin No. 80-11 (Ref. 2),
which concerns the structural adequacy of existing safety-related masonry
walls in nuclear power plants.

Based on discussions with URS/Blume engineers, it was decided that

the following stress categories would be reviewed since they directly
affect the structural analyses currently being conducted for block walls

in the Connecticut Yankee Atomic Power Plant (Haddam Neck):

(-
- * Corrpression

| Tension normal to bed joints and parallel to bed joints
- *

In-plane shear*

i

Because of the characteristics of the block walls in this plant,;

'

only allowable stresses for unreinforced block walls constructed with
running bond were considered.

t

Procedure

Reports and technical papers available in the open literature were
reviewed, and data obtained from testing block walls and masonry
components (i.e., block units and mortar) were statistically analyzed to,

provide a rational basis for justifying the allowable stresses given in
ACI 531-79.

.

.
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,' Although some references classify allowable stresses based on the
.' type of block or mortar, it was found to be more meaningful to perform

the analyses by first normalizing the data with respect to the,

. appropriate allowable stress. An example of the statistical analysis
procedure is shown in Figure 1. For the example data set shown, a
statistical analysis of the test values (Case I) produces a mean and
standard deviation (i.e.,159 psi and 29 psi, respectively). These
values in turn are used to obtain two measures of conservatism for the
assumed allowable value of 60 psi. The first measure is the factor of
safety, which is equal to the mean value divided by the allowable value.
This is a traditional parameter which has been used in the past to
describe the level of conservatism. The second measure of conservatism,

which is the number of standard deviations between the mean and allowable
value, is obtained by subtracting the latter two values and dividing theg

result by the computed standard deviation. This is a meaningful measure
since it is directly related to the probability of strength values being
less than the allowable value. While the factor of safety measures the

, , , average relationship, the dispersion statistic reflects both the average
-

trend and the standard deviation of the data.
.

A second analysis case is also shown in Figure I where the ratios of
, test values to the allowable value are statistically analyzed. (This is

the normalizing procedure referred to above.) Note that the allowable
value corresponds to R equal to 1; thus the mean and factor of safety are
the same for this case. Both analysis procedures give the same results

|, for the example shown in Figure 1; however, the approach demonstrated by
Case 11 is used when the allowable values vary from test to test, since
the Case I approach cannot be applied. Because this is the general
situation for the block wall test data which were encountered, the method

|, of analyzing ratios was used in the statistical analyses presented in
this report.

(

.

In sumary, the procedure used to analyze the block wall test data
,, , found in the various references was to first divide each test value by
1

Jack R. Benjomin & Associates,Inc. I
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'. l

. the corresponding allowable value based on the ACI 531-79 Code. This
'

- required for each test specimen that a corresponding block or mortar( '

'

. strength value be available, since the allowable ACI Code stresses are
~

functions of either the block compressive strength, f , or the
mortar compressive strength, m . Once these ratios were obtained, ag

statistical analysis was performed to obtain the factor of safety and
dispersion statistic as described above.

Report Oroanization

g The statistical analyses and results of the study for compression,
tension, and shear are presented in the subsequent sections of this
report. Summary and conclusions are given in the first report section.

<

*
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*
.

EXAMPLE DATA
f

. Test Value Allowable Value Ratio, R
*

125 psi 60 psi 2.08
150 60 2.50
175 60 2.92

( 14 5 60 2.42
200 60 3.33

Case 1 - Analysis of Test Values

( Mean = 159 psi

Standard Deviation 29 psi=

(1hh)Factor of Safety 2.7=

#
Dispersion Statistic (Number of Standard

3* I 159-60)*
Deviations to Allowable Value) 29

Case 11 - Analysis of Ratios

( ~ Mean 2.7=
_

Standard Deviation .484=.

Factor of Safety (i.e., mean) 2.7=

( Dispersion Statistic (Number of Standard
3,4 (2.7-1 ),

Deviations to Allowable value) .454
(i.e., R = 1)

<

t

- Figure 1. Exarple Statistical Analysis
.

.
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.

I.

Test data for compression of unreinforced masonry walls are
sumarized in Reference 3 which was prepared by the National Concrete

Masonry Association (NCMA). This document provides failure compression
I

stress test data and associated compression values from block prism tests
(i.e., f ) for data reported in the open literature. Both pure
axial compression and eccentric load test data are given.

I
Reference 4 gives a sumary of data produced for wall arch-action

tests. Data for line loading compression tests of prisms (to simulate
the interface between two sections of the same wall at a hinge point),
two-point wall static tests, and wall blast load tests are given. These

'
data are particularly pertinent since the structural computations being
performed use allowable compression to determine the capacity of walls in
arch action. Since only unit block capacities were available in
Reference 4, f was estimated based on assumed strength for the
mortar used in the arch-action tests.

l
"

Table 1 sumarizes the results of the statistical analysis of the
compression stress test data. Both the axial compression stress

(
, allowable value, F , and the flexural compressive stress allowable

3
value, F,, given in ACI 531-79 were investigated in the analysis.

| Thus, two sets of factors of safety and dispersion statistics are given
1

I in Table 1. The results for the " Combined Data" shown at tne bottom of
Table 1 are based on data from all the referenced sources combined in a
single statistical analysis for each of the two allowable values.

It was found for the large data set corresponding to the pure
i

compressive tests (i.e.,159 data points) that the distribution of ratios
(i.e., test value to allowable value) is skewed toward higher values.
Using a legnormal distribution it was found that the number of geometric
standard deviations for F and F is equal to 5.0 and 3.4,

a m
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.' respectively. These values are higher than the values given in Table 1.

.' (i.e., 7.8 and 2.3, respectively), which are independent of any
distribution, and indicate that the degree of conservatism is probably,

greater than reflected in Table 1.

It should be noted that the smallest test v'alue in all the tests
exceeds the F, and F, allowable values by factors of 2.2 and 1.5,
respectively, which provides additional assurance that the ACI allowable
values are conservative.

(
Based on comparing the results of the statistical analysis with the

criteria set forth in the summary and conclusions, it is concluded that
the F , allowable value given in the ACI 531-79 Code can be safely used
in determining the capacities of unreinforced block walls for arch action.

(-

:

(

l

(

e

|

*
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'

.
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, , ,., ,- ,m- - a a a + m, ,
. . .. .,

Table 1. Summary of Compression Stress Statistical Analysis

Allowable Value
h - '

F,= 0.225f [1-(40t)3] F = 0.33f,Number
Data of Number of Number ofSource Test Values Factor of Safety Standard Deviations Factor of Safety Standard Deviations

NCMA Data (Ref. 3)

Pure Compression
Tests 159 3.7 2.8 2.5 2.3

Eccentric Load
Tests 37 4.6 5.1 3.1 4.4,

b'
URS/ Arch Wall Data (Ref. 4)

Line loading
og Static Tests 4 8.2 6.0 5.6 5.63
h Two-Point Static2[g Tests 2 2.2 4.1 1.5 2.5
5.y
m

1 Blast Tests 1 3.9 2.7aa --
--

%*
b Conbined Data 203 3.9 2.9 2.6 2.4 o8
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TENSION,

*

(
.

Allowable stresses for tension perpendicular to the bed joint (i.e.,
for walls spanning vertically) and tension parallel to the bed joint
(i.e., for walls spanning horizontally) were compared with rupture

I

modulii obtained from flexural wall tests. Although sunenaries of test
data are given in Reference 3, no corresponding values for mortar cube
compressive stress, m , are given. The various references cited ing

Reference 3 were obtained and reviewed. Several discrepancies were found
as discussed below.

Tension Perpendicular to Bed Joint

Modulii of rupture values for hollow units are given in Reference 3
for tests conducted by Hedstrom (Ref. 6), Copeland (Ref. 7) and the
NCPA. Based on a telephone conversation with R. E. Van Langingham,

Technical Services Engineer at NCPA, it was learned that supporting
documentation for the NCPA test data given in Reference 3 is not

. available. Since m values cannot be provided, these data could not beg

analyzed using the procedures adopted for this study.,.

In Reference 3, the data produced by Hedstrom were classified as

either N or 0 type mortar. However, the original paper (Ref. 6) listsI

the mortar as M or 5. Although the mix properties satisfy the ASTM C270
requirements for mortar type based on material proportions, the cube
compressive strengths also satisfy the ASTM C270 property specifications

(

which consist of minimum stress values. In the statistical analyses
perfortred for this study the measured m strength values from the testsg
were used to compute the corresponding allowable values based on the
following formulas given in ACI 531-79:

i

( Tension normal to bed joints
, ' . Hollow units: Ft = 0.5
,

Solid or grouted units: Ft = 1.0
_

|
'

i
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,

0

~

,- Thus, the mortar type (i.e., M, S, N, or 0) is not pertinent to the
f analysis.

(
.

"

Conspicuously absent from the data given in Reference 3 are test
results obtained by Fishburn (Ref. 8). Although Fishburn's results are
used for other types of stresses discussed in Reference 3, no reference

I
is made to Fishburn's test results for tension normal to the bed joint,
which are low relative to other test data. One possibility for
discounting Fishburn's results is that all tests were made at 15 days
rather than the usual 28 days. But since both the flexure tests and

I
mortar cube strengths were conducted at 15 days, both the strength and
allowable values are comparable. It can be argued that since tension is
proportional to the square root of m , testing at 15 days may produceg
unconservative results; however, the opposite situation occurred since
Fishburn's data give relatively low tension values compared to the
allowable stresses. Fishburn's data were included in the analysis.

Yokel (Ref. 5) tested walls in flexure which included compression
( ''

loads. However, six of the tests had no compression loads and,

'

corresponded to the configuration being analyzed in this study. Thus,,

. these data were also included in the analysis.

Table 2 lists the results of the statistical analyses for tension
stresses normal to the bed joint. The results are listed by individual
data source, and statistics are given for the case where all sources were
combined in a single statistical analysis. Fishburn's data (27 data

e

points) tend to dominate the results. Both Fishburn's and Hedstrom's
data lead to low results, which suggest caution. In contrast, the
results based on Yokel and Copeland produce acceptably high statistical
values.

t

It is concluded that the allowable values given in the ACI 531-79

. ,
may not be reliably conservative. However, since arch action can be used
in the event that computed stresses for tension normal to the bed joint

'

exceed allowable values, this may not be a serious limitation.
.
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.' Tension Parallel to Bed Joint
,

g For block walls laid in running bond, bending in the horizontal-

. direction is not as critical as in the vertical direction. Reference 3
implies that allowable tension stresses parallel to bed joints
traditionally have been made equal to twice the allowable values for

c tension normal to bed joints for hollow units. Available data support
the conclusion that this practice is conservative. The ACI 531-79 Code
gives the following allowable values for tension parallel to bed joints:

( Hollow units: Ft = 1.0
Solid or grouted units: Ft = 1.5

Note that the value for solid units is less than twice the allowable
( value for tension normal to bed joints.

Table 3 gives a summary of the results of the statistical analysis
for tension stresses parallel to bed joints. Although the Fishburn data

( ,- result in a f actor of safety slightly less than 2, it is judged that
'

these results are acceptably conservative. Livingston's data reinforce
I the viewpoint of many researchers that the strength of walls with running

bond in the horizontal direction is a function of the block strength
g rather than the mortar strength. This is probably true since failure

occurs not only along joints, but also through the blocks themselves.
Because of this re it the data for tension stresses parallel to the bed

| joint were not combined into a single analysis.
'

t

Based on the criteria given in the summary and conplusions section,
it is concluded that the allowable values for tension stresses parallel
to bed joints given in ACI 531-79 can be safely used.

.

.

.

-
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. Table 2. Summary of Statistical Analysis for
'

g- Tension Stresses Normal to Bed Joint-

.

Number
Date of Number of

Source Test Values Factor of Safety Standard Deviations
I

Hedstrom (Ref. 6) 11 1.7 1.5

Copeland (Ref. 7) 8 3.0 3.1

Yokel (Ref. 5) 6 2.8 1.7
'

Fishburn (Ref. 8) 27 1.4 0.9

Combined Data 52 1.9 0.9

(

(c
.

:

Table 3. Summary of Statistical Analysis for

Tension Stresses Parallel to Bed Joint

Number
Date of Number of

g Source Test values Factor of Safety Standard Deviations

Hedstrom (Ref. 6) 7 2.5 2.7

Fishburn (Ref. 8) 6 1.9 2.1

Livingston (Ref. 9) 24 9.4 2.0

.

.

4

.
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.' SHEAR

i
t

.

Test data for racking tests of unreinforced, ungrouted concrete
block masonry wall construction are very limited. From Whittemore, et
al. (Ref.10), Schneider (Ref.11), and Fishburn (Ref. 8), shear test
data were extracted for a total of 18 racking tests. For each racking
test the allowable stress was compared to the shear stress at first crack
and to the shear stress at the ultimate load. Although first crack was
considered to be the important stress type in this study, the analysis of
the ultimate shear strength was included to indicate that the shear
capacity is significantly greater than the first crack capacity.

In the above comparisons, allowable stresses were defined by two
methods. The first method defined the allowable stress, v,, according
to the formulas given in Table 10.1 of ACI 531-79. These formulas are:

m=0.9k134 M/Vdr > I (I)v
,

y, = 2 .0 $ 40(1.85-M/Vd ) M/Vd <1 (2)
;

r r

| Based on a review of the racking test data, the ratio, M/VD , in all
r

cases was less than or equal to 1.0. Thus, only formula (2) above was
used to determine allowable stress. In the second method of determining
the allowable shear stress, only the first formula above is used,
regardless of the M/Vd ratio., r

The Whittemore, et al. tests included compression tests in addition
I to racking tests for each type of wall. To determine the allowable shear

stress, the value of f was assumed to be equal to the average,

compressive strength of the walls, i.e., 922 psi. This value of f,
1 -

is cortpatible with the corrpressive strength of the concrete block used in
| the tests (approximately 2,000 psi on the net area) and the mortar type.

, (i.e., type N). Based on this value of f , and using the second
.

' '
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.' method of determining the allowable shear stress, 27.3 psi was computed
ig to be the maximum value permitted. Similarly, an allowable value was
, computed using the ACI 531-79 equations. In determining the shear stress

on the walls, the loads given were divided by the net area of the block-,

which was assumed to be twice the thickness of the face shell (i.e., 2 x
1.08 inches) times the wall length.7

In the Schneider tests, the f value could not be taken
directly from the data since these tests did not include compression
tests for full wall units. However, data on the average compressiveg

strength of the block (i.e., 2,962 psi) were provided, and with the
mortar type (i.e., type 5) Table 4.3 of ACI 531-79 was used to determine
anf[valueof1,687 psi. Based on this value of f , and using

g the second method of determining the allowable shear stress, 34 psi is
the maximum value permitted. Since the Schneider tests had different
M/Vd ratios (i.e., M/Vd = .2, .5, or 1.0), the allowable stressesr r

based on the ACI 531-79 equations ranged from 34 psi to 66 psi.

I:

Fishburn provided the most extensive racking test data for-

|
; unreinforced, ungrouted masonry walls. These tests were concerned with

-

mortar properties and their effects on masonry strength. Both type S and
g type N mortar were used in these racking tests, and each mortar type was

mixed so that some tests had a mortar type of moderate strength and high
! water retention while an equal number of tests used the same mortar type

but were mixed to have higher compressive strength but less water
, retention and air content. Thus, the effects of the variability of

mortar strength / water content for a given mortar type was included in the
results of these tests. The Fishburn tests included 15-day compression
tests of each type of wall. The value of f used to determine the

allowable stress was taken from the average compressive strength of walls,

| of comon mortar type / water content. The compressive strength for the
type N mortar walls ranged from 1,030 to 1,130 psi and for the type S

.' mortar walls from 1,160 to 1,240 psi. The allowable stresses using the
. second method ranged from 28.9 to 31.7 psi. Similarly, an allowable

- Jack R. Benjamin & Associates,Inc. I
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.' range of values was computed using the ACI 531-79 equations. In
,

{- determining the shear stress on the walls, the load given was divided by
, the net area of tne block wall which was stated in the Fishbvrn report to

be 38% of the gross area of the block. The Fishburn report does not
provide first crack data but does state that cracks first appear at about
60% of the maximum load. Thus, first crack data were assumed to be 60%
of the ultimate for each test.

Table 4 lists the results of the statistical analysis for shear
stress. The results are listed by individual data source, and results
for walls of mortar types S and N are separated for the Fishburn data.
Statistics are given for each data source and mortar type, although the
number of data values (i.e., 3 or 6) makes the estimate of the dispersion
statistic unreliable.,

Statistical parameters are also given for the " Combined Data"
analysis. The results of this analysis indicate that the allowable shear

, , . values computed by the ACI 531-79 formula for M/Vd ratios less than
r

- 1.0 may not be reliably conservative in relationship to determining the
/ strength at first crack (factor of safety = 1.1). In contrast, the use

'

of the second method of determining allowable shear strenes produces a
factor of safety of 2.4 in determining the first crack. The relatively,

low dispersion statistic (i.e., 1.1) corresponding to the 2.4 factor of
safety is a result of mixing the Schneider data with the Whittemore et
al. and Fishburn data. The Schneider data have significantly higher
shear values at first crack than either the Whittemore, et al. or,

Fishburn data. This results in greatly increasing the standard deviation
or uncertainty for the " Combined Data," while only moderately increasing
the combir.ed factor of safety.

i

Based on the results of analyzing the shear stress test data, it is

f' recormended that the second method of determining allowable shear
! stresses,namelyV,=0.9(134,beusedinanalyzingthe
i

, in-plane behavior of unreinforced block walls.

|

'
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Table 4. Sumary of Shear Stress Statistical Analysis

Allowable Value
_

0.9[m<34ACI 531-79

first Crack Ultimate First_ Crack Ultimate

Number Factor Number of Factor Number of Factor Number of Factor Number of
Data of of Standard of Standard of Stanfard of Standard

source ,iest Values Safety Deviations Safety Deviations Safety Deviations Safety Dew!3tions-

Whittemore, et v. -

~ '

(Ref. 10 ) 3 0.92 - .68 1.1 1.1 2.0 4 .0 2.5 5.2
'

Schneider (Rex 31 2.6 1.7 3.2 3.5 4 .6 1.6 4.7 2.8
m

,

&
Fishburn (Ref. 8). _ . . .

_-

,

'

Type N Mortar 6 0.79 -1.2 1.3 1.2 1.8 2.1 2 .9 3.1a
y Type 5 Mortar 6 1.1 0.94 1.8 5.5 2 .4 7.1 4.0 8.8
C N3

5= Corbined Data 181 '1.1 0.20 1.8 1.0 2.4 1.1 3.5 2.5c3
gir

$!- 1 Only two test values given for first crack by Schneider (Ref. II).
%*
*t
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The hand calculations that make up most of this appendix were performed to

| show the derivation of the theoretical equations used in the structural
; analysis of walls for the out-of-plane gapped arching action mode of response.

(
.

'

The assumptio'ns made for the development of the equations are:

The rigidity of the boundary supports is greatere
( than the out-of-plane rigidity of the wall.

The boundary supports can adequately withstand thee
reaction loads (shear and compressive) transferred
from the ends of the wall.
Structural steel angles (or the equivalent) will bee

( provided as simple pinned supports for the ends of
the wall so that the wall ends cannot translate and
so that the shear reaction at the wall ends can be
adequately transferred to the adjacent boundary
supports.

a 1/16-in.-wide crack at the top of any wall (1/16-e
4

in. wide crack for any wall height) will account for
the possible shrinkage of the top mortar joint of
the wall.

For walls where an observed crack at the top of a wall exceeds 1/16 in, ing

width, or where the boundary supports are not rigid enough, equivalent gaps
- larger than 1/16 in. can be substituted for the 1/16 in. used in the equa-

tions presented to develop the specific equations for any particular case.

(
The version of gapped arching action presented in this appendix is slightly
different f rom that presented in typical reference papers (e.g. , Reference 24
of Appendix D, Attachment A) in that the wall ends are prevented from trans-
lating before the wall end supports make contact with the boundary supports.g

A search of existing literature containing test results and theoretical ex-
planations for arching and gapped arching action response indicated that
rigid arching walls can resist six to eight times the loads that gapped arch-g

ing walls can withstand but that gapped arching walls are still considerably
stronger than walls nounted as simple elastic beams. Reports of results of

blast tests, in which a wall cracks and responds by arching (caused by out-

,

loading) with many cycles of back-and-forth motion, show that theof plane
.

| wall maintains its structural integrity throughout the entire arching response.

.
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Therefora, there is sufficient documentation that analysis of walls for
rigid and gapped arching action modes of response is justified and that the*

.

~

test results can be explained by analytical structural theories when the
i appropriate requirements for arching action are satisfied.
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! RESPONSE TO NRC QUESTIONS .

MASONRY WALL PIEVALUATIGP -
'

(NRC IE BULLETIN'80-ll) ' s,,
''MILLSTONE PLANT #1

~

,

1 .i'
1 I

% %1. QUESTION: 3>

[{.
'

'

Indicate whether walls are stacked or runningsbond. If any stack
J bond wall exists, provide sample calculations of the stresses for a ,

typical wall.
,

| RESPONSE:
,

.,

?<

All masonry walls at Millstone Unit #1 are running, bond.

2. QUESTION:
, 3

;

! Explain and justify the difference (if any) .. atween the load combina- '

tions provided in the plant FSAR and the load combinations used in '

'

the re-evaluation of the masonry walls. '

'

RESPONSE:

In the initial review tornado loads were not addressed. A final
review including all loads and load combinations based on the
requirements for Class I structures.as outlined in the Millstone

| Unit #1 FSAR has since been completed as described in Reference 5.
.

3. QUESTION:,

Indicate how earthquake ferces in.three directions were considered
in the analysis.'

! at
; RESPONSE: '

The maximum stress was assumed to be'the absolute sun of the effects
of the vertical seismic * load in combination with the horizontal
seismic load acting in the most unfavorable direction. This corre-
sponds to the method utilized in the Millstone Unit #1 FSAR which

[ was used as the basis for our licensing document.

4. QUESTION:

Justify the use of an' increase iactor of 1.5 for allowable masonry
shear and tension normal t a the bed joint (Page~1, Exhibit C-1,

! Reference 2). The SEB criteria (4) allow an increase of only 1.3
' for shear and tension nornal to the bed joint. If any existing test

data will be used to justify this increase factor, the Licensee is
; required to discuss the applicability of these tests to the masonry

walls at Millstone Unit I with particular emphasis on the following:

|

|
|

W

9

,
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.

Boundary conditions-

Nature of loads-

Size of test walls-

Type of masonry construction (block and mortar type, grouted or-

i ungrouted)

The Licensee is also requested to indicate, if SEB criteria were to
be used, how many walls could not be qualified and to identify these
walls.

1

RESPONSE:

Out-of-Plane Shear

i The equation for allowable flexural shear given in the masonry codes
is the same as that for concrete in ACI 318-63. However, this is
intended for beams rather than walls and thus is not directly
applicable to walls in out-of plane flexure. For unreinforced walls
the limits on tensile stress preclude any significant flexural shear
stress. However, peripheral shear at the boundaries is still evaluated.

f

Sincenocodevalueforperipheralshearexists,itisreagonabletomake use of the criteria for plain concrete; i.e., 2 (f'c) . The
ACI 318-63 value for allowable flexural compressive stress is
0.45f'c while the allowable for masonry for normal loads is 0.33f'm.,

Making a similar ratio for the peripheral shear yields a masonry
allowable of 1.5 (f'm)g Since the failure mode is similar to that for.

plain concrete, and concrete structures use factored / normal allowable
'

ratios in excess of 1.5, the 1.5 ratio for masonry is conservative.

| The unreinforced masonry walls at Millstone I were generally qualified
| based on allowable horizontal spans which were governed by allowable

tension parallel to the bed joint. A review of the allowable span
calculations shows that maximum shear stress for these span lengths
are on the order of 25% of the allowable. Thus, the walls will also
meet the SEB criteria.,

In-Plane Shear
!

The masonry walls at Millstone Unit #1 are not part of the structural
load resisting system and do not carry seismic shear loads. The
walls, therefore, need not satisfy the allowable stress criteria for
in plane shear and the increase factor of 1.5 was not used. Thus,

, the use of the SEB criteria would not effect the results.
|

Tension Normal to the Bed Joint

Reference 3 reported seven tests of hollow unit construction with
Type S mortar. Conservatively selecting the lowest modulus of
rupture reported gives a value of 60 psi ultimate, which is approxi-
mately 2 times greater than the Millstone Unit 1 factored load allowable
of 32 psi.

|

4
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Additionally, Omote, et. al. (Reference 4) reported tests for hollow
brick masonry showing variation of modulus of rupture versus mortar
compressive strength. A graph of his results was compared to a
curve showing twice the Millstone Unit #1 allowable stress for

- hollow unit masonry. All values used were found to be acceptable.

It should be noted that tension normal to the bed joints was not
used as a basis for overall qualification of walls. Local tension
normal to the bed joints was permitted in isolated cases where this
mechanism was not the primary load path for the overall wall system.
Thus, use of the SEB criteria would not affect the results.

5. QUESTION:

Provide sample calculations for block pullout of attachments analysis
and tornado analysis.

I RESPONSE:

Block pullout capacity was not an important issue at Millstone Unit #1
since, in general, safety related items of significant weight are
not supported by the masonry walls. The types of loads on the
masonry walls due to attachments are much smaller than the allowable
pullout values.

Sample calculations for block pullout of attachments analysis and
tornado analysis are included in Attachments I and 2 respectively.

6. QUESTION:

Regulatory Guide 1.61 allows 4% damping for operating basis earthquake
(OBE) and 7% damping for safe shutdown earthquake (SSE). Provide
the damping values used in the analysis and justify them if they are
higher than those allowed by Regulatory Guide 1.61.

RESPONSE:

All Millstone Unit #1 safety related unreinforced masonry walls were
designed such that the frequency of the system was in the rigid
range.

Safety related reinforced masonry walls were not required to be in
the rigid range because wall capacities were large and modifications
to satisfy rigid range criteria would have been excessive. The
walls were qualified using a minimum amplification factor of 5
applied to the m.iximum floor acceleraticn.

7. QUESTION:

In Reference 2, it was indicated that arching action analysis may
have been used to qualify some masonry walls. The NRC, at present,
does not accept the application of this technique to masonry walls
in nuclear power plants in the absence of conclusive evidence to

justify this application. The Licensee is requested to indicate the

_ _ _ _
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,

1 number of walls which have been analyzed by this technique and to
provide sample calculations.

l In addition, the following areas need technical verification before
any conclusion can be made about arching analysis:i

Explain how the arching action theory deals with cyclic loading,o

especially when the load is reversed,

Provide justification and test data (if available) to validateo

the applicability of arching action theory to the masonry
structures at Millstone Unit 1, with particular emphasis on the
following areas:

a. nature of the load
b. boundary conditions
c. material strength
d. size of test walls.

If hinges are formed in the walls, the capability of theo

structures to resist an in plane shear force will be diminished,
and shear failure might take place. This in plane shear force
would also reduce the out-of plane stiffness. Explain how the
effect of this phenomenon can be accurately determined.,

J

RESPONSE:

Twenty-four "blockouts" (blockouts are masonry walls which are
constructed within, and completely fill a formed opening in a
reinforced concrete wall) at Millstone Unit #1 have been analyzed
considering arching action. Calculations outlining this method of
analysis are included in Attachment 3.

The arching theory of confined masonry walls is based on ano

extensive full-scale test program sponsored by the Defense
Civil Preparedness Agency and the Veterans Administration
(Reference 1). The tests were performed in a " shock tunnel" in
which a wall was " struck by a blast wave, the wave reflected
from the wall returned to its source area, then re-reflected to

| strike the wall again, about 0.3 seconds after the first

| loading. Thus, these tests provided information on the ability
| of (arching) walls to withstand a number of reversing loading
j cycles."
|

(a) At the Millstone Unit #1 Plant, arching theory was used
primarily to determine the ability of blockouts to resist

( uniform pressure loadings and earthquake loadings. The
| test data of Reference 1 provides justification for
I applying arching theory to masonry walls subjected to

pressure loads. Reference 1 also cites field evidence
which confirms the increased resistance to out-of plane
earthquake loads of confined (arching) masonry walls over
nonarching walls.

--
.-- --. . . _ _ _ . _ - - _ _ _ - - - _ _ . _ . - . _ - _
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I

(b) Boundary conditions required for the application of
arching theory were validated by walkdown inspection of
the blockouts to ba analyzed.

(c) Experiments on arching have been performed on walls that
range in crushing strength from 1,000 psi to 3,000 psi
(Reference 2). The blockouts at Millstone Unit #1 fallwithin this range.

(d) The tests of Reference 2 were performed on walls arching
over an 8'-0" span while those of Reference 1 spanned

, 8'-6". We consider that application of arching theory to! the range of blockout sizes encountered at Millstone
i Unit #1 is appropriate.

At its present stage of development, arching theory cannoto

adequately account for the effect of hinge formation on in plane
shear capacity. However, the blockouts at Millstone Unit #1
analyzed by the arching method are not designed to act a shear
walls or as bearing walls and, therefore, are not subjected to
significant in-plane load. This eliminates the need to determine
how in plane and out-of plane loads interact.

8. QUESTION:

Reference 3 indicated that a final report on the modifications was
being prepared and would be submitted upon completion. Provide this
final report.

RESPONSE:

The final report on the re-evaluation and modifications to masonry
walls has been included in Attachment 6.

9. QUESTION:

Provide a description of the required modifications and explain by
sample calculation how they rectify wall deficiencies. In addition,'

provide detailed drawings of some sample modifications.

RESPONSE:

Modifications to the masonry walls included:

The insertion of angles at the wall edges to assure pinnedo
boundary conditions.

o The insertion of steel sections to transfer wall loads to the
boundaries and limit wall spans.

Shielding so that falling blocks wculd not hit safety relatedo
equipment.

Rerouting of pipes.o

._ _ _-_ . _ . . _ _ _ - - ._. __ _ __ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ ._.
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Relocation of pipe supports.o

Sample calculations outlining an analysis made to rectify wall
deficiencies are included in Attachments 2 and 4. Detailed drawings'

of some sample modifications have been included in this package.
,

10. QUESTION:

Since Millstone Unit #1 is a part of the systematic evaluation
; program (SEP), the Licensee is requested to clarify whether SEP

loadings for seismic analysis have been used. If not, provide
justification.

RESPONSE:

The masonary walls at Millstone Unit I were evaluated based upon building
floor accelerations generated in the original design. These accelerations

| were used to compute the seismic inertia forces for rigid systems
; supported by those floors. The SEP review conducted by Lawrence

Livermore Laboratory for the NRC staff produced actual floor response
spectra for Category I structures. This report concluded that overall
the original seismic design basis for the plant was acceptable. The
floor response spectra generated by the SEP analysis will be compared
to the design values used in response to I6E Bulletin 80-11 to insure
that the approach used was adequate. We do not expect this review to
adversely effect the results of the concrete wall evaluation. Additional

, information on the seismic analysis used to qualify masonry walls is
'

contained within the final report included as Attachment 6.

11. QUESTION:

Page 2 of Section 3.0 of Reference 2 is missing. Provide this page.,

RESPONSE:

This page has been included in Attachment 5.
,

,

I
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ATTACHMENT 1

consists of a 4 page (Sheet No. M000 Sec. 5-1 to M000 Sec. 5-4) example
of block pullout calculations.
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ATTACHMENT 2

consists of a 45 page (F.M.R. No. I and M4 0-43) examp' e of an analysisl

made for tornado loadings including modifications made to rectify wall
deficiencies.
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ATTACHMENT 5

W. G. Counsil letter to B. B. Grier, NRC. Subject: Millstone Power
Station, Unit 1-1E, Bulletin 80-11, Masonry Wall Design, Northeast

- Utilities, 04-Nov-80, A01021. Section 3, Page 2.s
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2.6 Final Safety Analysis Report, Millstone Nuc1cer
Power Station, Unit 1, Section XII (Project Documsnt
No. M1-80014-DI-01)

2.7 Letter from D. Robinson of Northeast Utilities to ,

C. T. Pitts of Earthquake Engineerine Systems, Inc.,
"

dated September 11, 1980. (Project Document No.
M1-80014-DI-07)

2.8 Letter from T. L. Gould of EBASCO Services Incoror-
ated to L. A. Chatfield of Northeast Utilities dated
October 30, 1979.
(Project Document No. M1-80014-DI-03) -

2.9 Reinforced Masonry Design, Robert R. Schneider and 1
Walter ET Dickey, Prentice-Hall, Inc., Englewood
Cliffs, N.J., 1980.

3.0 ASSUMPTIONS

3.1 The cutoff frequency for rigid range seismic acce-
1eration values for buildings other than the reactor
containment is 20 CPS.

3.2 Seismic displacement profiles and differential floor
displacement values (story displacements) for the
reactor building envelope those of other buildings.

3.3 There are no pipe whip, jet impingement, missile,
flood, or pressurization loads acting on the masonry
walls covered by this design criteria unless specifically 1mentioned herein.

3.4 All components supported on or near masonry walls
are rigid for the purposes of this evaluation, and
therefore do not impose amplified loads or impact
loads on the wall due to seismic displacements.

3.5 Unreinforced masonry walls do not carry building
structure dead loads.

3.6 Masonry walls are not part of the structural load
resisting system and, therefore, do not carry
seismic shears or vertical scismic loads due to

! building inertia forces.

3.7 Masonry walls were constructed in accordance with
masonry specifications and original drawings.

3.8 Surface mounted attachments which project no further
from the wall surface than the wall thickness
contribute only in plane loads to the wall.

_
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m= +=
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Attachment 6 Final Report on Safety Related Masonry Walls at the
Millstone Nuclear Power Station Unit 1.
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This report summarizes the results of the reevaluation of safety-related

masonry walls for the Millstone Nuclear Power Station Unit 1 and serves as a

final repsonse to the requirements of the NRC isE Bulletin 80-11.

The bulletin required that all IIcensees for nuclear power plants evaluate

the design adequacy of all masonry walls which are in proximity to or have

attachments from safety-related piping or equipment such that the wall failure

could affect a safety-related system.

A walkdown of all masonry walls at Unit I was performed by CYGNA in

accordance with the procedures established in the sixty day report submitted

to the NRC by Northeast Utilities (letter from W. G. Counsil dated July 7,1980).

The walls identified as safety related were analyzed and compared to the

acceptance criteria as established in the 180 day report. All of the

required design modifications have been issued to NUSCO.;

.

.

b
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' ' 1.0 GENERAL

' * ~
This Dasign Critoria providos tha tcchnical basis for th9 ro-
evaluation of masonry walls and the design of modifications at
the Millstone Nuclear Power Station, Unit 1, required to
satisfy the requirements of NRC IEE Bulletin 80-11 (Ref.
2.1).

,

2.0 REFERENCES
.

2.1 U.S. Nuclear Regulatory Commission, Office of
Inspection and Enforcement, IEE Bulletin No. 80-11,
dated May 8, 1980. t,. .|- '.

,,

%"-

2.2 Report on the Earthquake Analysis of the Reactor
Building for the Millstone Point Nuclear Power Station,
prepared by John A. Blume 4 Associates, Engineers
(Project Document No. M1-80014-DI-02)

|

2.3 Specification for the Design, Fabrication 6 Erection of
Structural Steel for Buildings, American Institute of
Steel Construction, New York, New York, dated February
22, 1969. (Including suppidments 1, 2, 6 3)

2.4 Masonry, EBASCO Services Incorporated Specifica~ tion for
Millstone Nuclear Power Station, issued Sept. 21, 1967,
revised October 5, 1967. .

(Project Document No. M1-80014-DI-06)

2.5 American Society for Testing and Materials,.

Philadelphia, PA. Specifications:

C90-66T Hollow Load-Bearing-
.

Concrete Masonry, Units
,

C129-64T Hollow Non-Load Bearing
Concrete Masonry Units

,

-
.

C145-66T Solid Load-Bearing -

.

Concrete Masonry Units *

-
.

' *

| C270-64T Mortar for Unit Masonry
* *

1
.

Minimum Requirements for the
'

.
.

A305-65|

Deformations of Deformed Steel Bars

A15-66 Billet Steel Bars for Concrete
'

Reinforcement
,

i A36-67 Structural Steel
' -77A
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2.6 Final Safety Analysis Roport, Millstone Nuclear Powar
'. Station, Unit 1, Saction XII (Project D curent No.

M1-80014-DI-01)

2.7 Letter from D. Robinson of Northeast Utilities to C. T.
Pitts of Earthquake Engineering Systems, Inc., dated
September 11, 1980. (Project Document No.
M1-80014-DI-07)

2.8 Letter from T. L. Gould of EBASCO Services incorporated ,

to L. A. Chatfield of Northeast Utilities dated October
30, 1979. .

(Project Document No. M1-80014.-D,I-03):
.. ;, - 9--

2.9 Reinforced Masonry Design, Robert R. Echneider and
Walter L. Dickey, Prentice-Hall, Inc., Englewood
Cliff.s N.J., 1980.

2.10 Letter from J. R. Whitfield of NUSCO to J. G. Dyckman
of EES dated Oct. 14, 1980. (Project Document No.
M1-80014-DI-08)

2.11 " Response of Arching Walls and Debris from Interior
Walls caused by Blast Loading", B. Gabrielsen, C.
Wilton, and K. Kaplan, URS Report 7030-23, Febr.uary
1975.

2.12 " Shock Tunnel Tests of Arched Wall. Panels", B.
.

Gabrielsen and C. Wilton, URS Report 7030-19, December
1974.

.

2.13 " Generic Criteria For Concrete Masonry Wall
Evaluation," by EES dated Oct. 24, 1980.

.

2.14 Final Safety Analysis Report, Millstone Nuclear~

Power Station, Unit 1, Amendment 15, Section 4

| XII (Project Document No. 82028 DI-4)
3.0 ASSUMPTIONS -

3.1 The cutoff frequency for rigid range seismic accelera-
tion values for buildings other than the reactor con-
tainment is 20 CPS. The Reactor Building cutoff
frequency is 20 CPS per Ref. 2.2.

displacement values (profiles and differential floorstory displacements) for the reac-
Seismic displacement3.2

tor building envelope those of other buildings.

l 3.3 All components supported on or near masonry walls are
rigid for the purpose of this evaluation, and therefore,
do not impose amplified loads or impact loads on the -

wall due to seismic displacements.
,

..
,
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' '

3.4 Unreinforced casonry walls do not carry building struc-
,

, ,
ture dead loads.

3.5 Masonry walls are not part of the structural load
resisting system and, therefore, do not carry signifi-
cant seismic shears or vertical seismic loads due to
building inertia forces. However, the effect of
imposed displacements due to story drift will be
evaluated.

,

*

3.6 Masonry walls were generally constructed in accordance
with masonry specifications and original drawings.

3.7 Surface mounted attachments whic'h pro 'ect no further
from the wall surface than the wall t ickness contri-
bute only in plane loads to the wall.

~

3.8 The compressive strength of concrete in existing struc-
tures is at least 3,000 PSI.

3.9 Out of plane story displacements on unreinforced
masonry walls will not affect the flexural strength of
the wall.

4.0 NATURAL FREQUENCY REQUIREMENT .

Seismic analysis of safety related b'uildings at the time the
station was designed did not inclu'de the development of.

- amplified response spectra (ARS), Building floor accelera-
tions were generated, however, (see Exhibit F) and these may
be used to compute the seismic inertia forces for rigid.

systems supported by those floors.
~

All masonry walls covered by this design criteria shall be
analyzed for natural frequency. Results which are greater
than 20 CPS satisfy Assumption No. 1 and the appropriate
building floor acceleration values shall be used to calcu-
late seismic loadings. Results which are less than or equal
to 20 CPS s, hall be reviewed by the Project Engin,eer on a
case by case basis. This review shall determine whether or- -

not a " stress amplification" approach may be appropriate.
.F6r example, if actual stresses computed with building accel-
eration values were smaller than the allowable stresses by a '

signific. ant factor, the judgment might be made that the peak
response of a flexible system could not exceed the floor*

.

input by that factor. In such cases, the masonry wall could
be qualified for seismic loading independent from its natural
frequency.

The st'ress amplification approach shall not be considered
for unreinforced walls.

-" ;:
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'

5.0 ANALYSIS AND DESIGN,

.

5.1 Unreinforced Walls
-,

5.1.1 Natural frequencies of, and stresses in, unrein-
forced walls shall be calculated using linear,
elastic analysis assuming an uncracked section.
Finite element analysis may be employed in special
cases. Face shell areas shall be used in computing
the section properties. -

5.1.2 Support conditions for unreinforced walls shall be
considered as hinged in the. analysis. Necessary
modifications shall be made'to the'sspports to
ensure that adequate shear transfet mechanisms
exist. All unreinforced walls shall be considered
free across the top edge unless otherwise indicated
on the original design drawings. Control joints
shall be considered as free edges. Further guidance
on support condition classification is included in
Exhibit E.

5.1.3 Unreinforced walls shall be analyzed as beams
spanning horizontally between existing supports
wherever existing support conditions permit, or be-
tween new intermediate supports where required.
Maximum span lengths satisfying both a natural fre-
quency of 20 CPS and stress requirements for various
hollow and solid block thicknesses are tabulated in
Exhibit A. ~

5.1.4 Unreinforced walls having only one vertical edge
supported shall be stress analyzed as a plate on a

; case by case basis provided the natural frequency
| requirement is met. Maximum plate dimensions

satisfying a natural frequency of 20 CPS is con-I

tained in Exhibit B.

5.1.5 The effect of in-plane loading on unreinforced walls
shall be evaluated in accordance with the allowable
displacements.specified in Note (7) of Exhibit C-1.
Imposed displacements due to story drift shall be
evaluated using the., displacement profile in Exhibit
G. The effect of inertial reactions from adjoining
walls shall be considbred in the evaluation.

5.1.6 The effects of boundary structure flexibility, wall
group interaction, and wall openings shall be evalu-
ated on a case by case basis.

.

|
[
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''
5.1.7 Mssenry block pullout due to concentrated loadings-

imposed by ottcched components shall ba ovalunted. . .

using the allowable loads tabulated in Exhibit I.

5.1.8 Arching action may be used as the basis for qualifica-
tion of blockouts in accordance with the guidelines
given in Refs. 2.11 4 2.12. Blockouts are masonry
walls which are constructed within, and~ completely
fill a formed opening in a reinforced concrete wall.
If arching action is used, the walls must be bounded .

top and botton by rigid supports. Existing gaps at
the upper boundary shall be taken'into account in the
analysis. Gaps must be no la.rger than 1/8". The
maximum horizontal deflection due to'. arching action
shall not exceed.15% of the wall thi6kness.

'

5.2 Reinforced Walls

5.2.1 Stresses in reinforced walls shall be calculated using
the working stress method of analysis as described in
Chapter 6 of Ref. 2.9.

5.2.2 Support conditions for reinforced walls shall be as
shown in Exhibit E unless reinforcing bars pass
through the support interface and are anchored in the
adjacent structure. In this case the support con-
dition shall be clamped for doubly reinforced. sections
and hinged for singly reinforced sections.

~

5.2.3 Reinforced walls shall be analyzed considering one-way-

or two-way behavior, whichever is appropriate for the-

boundary conditions, wall dimensions, and reinfor-
cement configuration. Finite element methods may be

,

employed in the analysis.
'

:

.
.

5.2.4 Reinforced walls shall first be analyzed using an'

uncracked, transformed moment of inertia (I ). If thet
, applied moment (Ma) resulting from this anal

exceeds the uncracked moment capacity (Mer) ysisan effect--
.

Ive moment of inertia (Ie) shall be' calculated as
shown below.

.

-
..

.

-

3 )i> [Icr
'

* "

Ie -3- ~ - '

Mer It + 1- Mer= ''..

N.B *
- .

|
-

- -

1 Mcr = Ft It -

1 ,

Y. , 2-
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;
,

Mer = Uncracked moment capacity
*t

Ma " Applied maximum moment on the wall

It = Moment of inertia of uncracked, transformed
section

Ier - Moment of inertia of the ' cracked ~section

Ft = Allowable masonry tensile stress (M') for
,

extreme environmental loadings.

y = Distance of neutral plane from tension face
N 'N U-

~
~.

The wall shall then be re-analyzed using Ie. If the
use of Ie results in an applied moment Ma that dif-
fers from the previously calculatd Ma by more than
10%, a new Ie shall be calculated and the analysis
repeated.

In lieu of the above procedure, the wall may be anal-

y(zed using the cracked transformed moment of inertiaIcr). Since this procedure results in a lower bound
in frequency, it is conservative with respect to the
iteration procedure using Ie.

5.2.5 The effect of in-plane loading on reinforced walls
shall be evaluated in the same manner as unreinforced
walls per Section 5.1.5 -

.

5.2.6 The effects of boundary structure flexibility, wall
group interaction, and wall openings shall.be evalu-

! ated on a case by case basis..

,
.

1 5.2.7 Masonry block pullout due to concentrated inertial
loadings imposed by attached components shall be evalu-
ated using the allowable loads tabulated in Exhibit
I.

,

5.3 Modifications
'

All modifications to masonry , walls shall be designed~

i in accordance with Ref. 2.3 subject to the limit-
.' '

ations stated in Section 8 of this criteria..
Selection of concrete anchors shall be in accordance

. with Exhibit D. Designs shall be based on conven-
tional methods of structural analysis of linear
elastic materials.

1

--
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6.0 MATERIAL SPECITIC.*TIONS 6 PROPERTIES
.

,
6.1 Existing Construction

6.1.1 Concrete Block (Ref. 2.4)
Exterior Walls ASTM C-90 (Ref. 2.5)
Battery Room Grade U-1
Emergency Diesel Lightweight, Hollow
Generater Room Load Bearing

~

Boiler Room

Interior ASTE C-129 (Ref. 2.5)
Partitions Lightweigh.t, Hollow

Non-load Bearing.

Shielding Block ASTM C-145 (Ref. 2.5)
Solid, Load-Bearing

6.1.2 Masonry Reinforcement (Ref. 2.4)

Horizontal Dur-0-Wall

| Extra Heavy Weight

Vertical ASTM A-15, Grade 4Q
ASTM A-305 (Ref. 2.5)

6.1.3 Mortar (Ref. 2.4) ASTM C-270 (Ref. 2.5)
Type 'S'-

6.1.4 Concrete f'c'= 3000 PSI.

(Refer to assumption 3.8)
- 6.1.5 Structural Steel ASTM A-36 (Ref. 2.5)

.

6.2 Modifications
'

'

Structural Steel, ASTM A-36 (Ref. 2.5) .

Threaded Rods-

. Welding Electrode E70-xx -

Drilled-in Concrete Hilti Kwik-Bolts.

.. Expansion Anchors (Refer to Exhibit D)- *

.

.

~ ;
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7.0 LOADS AND LOAD COMBINATIONS c.

.

The loads and load: combinations'in this section are based on
the requirements for Class 1 structures of Parazraph 1.1.2
of Section XII of the Millstone Unit 1 FSAR (Ref. 2.6).

7.1 Loads to be considered in evaluating.the masonry walls are
described below. s

D(1) Dead load of' Wall and attached equip- ,

ment, plus any other sustained loads.
,

E (Ey,E )(2) Design earthqu. ave ~ loads. (Ey andh
Eh are vertical and horizontal com-ponents of the design' earthquake
loads, respectively.)

(b'y, E'h)(2) Maximum earthquake loads. (E',andE'
E'h are vertical and horizontal com-
ponents of the maximum earthquake
loads, respectively.)

,

W'(3) , Tornado load. '
,

R (8) Pressure on structure due to a pipe
rupture.

7.2 Masonry walls shall be evaluated for the following load
combinations.'

s

EQ 1 (9) D + R + Ey + Eh (4) SES(5), B(6), M(7) '
*

'

D + R + Ev'+ E ' (4)sE1.33S, B, M'(7)
.

. EQ 2 h

EQ 3 D + W' ps1.33S, B, M'
.

Notes: ,

(1) Dead load on each wall due to attachments shall becalculated using'the data contained in Exhibit H.

(2) Seismic acceleration v'alues'a'nd displacement profiles-

are given in Exhibits F and G, respectively. The
accelerations have.been incfeased by 33% to provide an

*
overdesign margin.! .-

.

. .

-

1
'

.

*

1

--: : ,:
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, ,

.

'(3) Tornado loads (W') sha11' consider Tornado wind
Ioad of 360 miles per hour (300 mph rotational 4

-

and 60 mph translational) and Tornado depressuri-
'zation4 1oad of 2.5 psi internal pressure. (Re f.,

2.14, Section 12.1. 2. 9) .

-(4) The' effects of one horizontal component and the ver-
tical component of earthquake. loading shall be com-
bined in all loading combinations which include
earthquake loads.

,

(5) S is the normal allowable stress in structural steel
sections, bolts, and welds permitted by Ref. 2.3
(excluding the provisions of.Section 1.5.6).

(6) B is the allowable concrete anchor bolt shear or
tension load as given in Exhibit D.

(7) M and M' are the allowable stresses for evaluating )existing masonry walls (including reinforcing steel
as given in Exhibit C.

(8) A differential pressure of 0.5 PSI shall be applied
to masonry walls subject to pressure loading due to.

a postulated main steam line rupture in the. con-
denser bay or a feedwater line rupture in the tur-
bine building. (Ref. 2.10).

(9) The allowable stresses for EQ 1 apply to Class I
structures. FSAR Section 1.1.3 states that for
Class II structures, a one' third increase in.

allowable stress is permitted for load combinations
which include seismic.

,
.

| 8.0 ACCEPTANCE CRITERIA .

*

8.1 Unreinforced Walls

Allowable stresses for hollow and solid unit masonry
are tabulated in Exhibit C.-

.

Allowable block. pullout loads are tabulated in Exhibit.I.

,

8.2 Reinforced Walls .
.

~

,

. *
1 .

Allowable stresses for reinforced masonry are. tabulated
in Exhibit C.

Allowable block pullout loads are tabulated in Exhibit I. .

.

'

-w
,
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8.3 Modifications-

Stresses in structural steel sections, bolts, and welds
shall conform to the requirements of Part 1 of the
AISC Code (Ref. 2.3).

Allowable loads for Hilti Kwik-Bolt Concrete anchors
are tabulated in Exhibit D.

-

9.0 EXHIBITS .s .s ,
-

A. Maximum Horizontal Span Lengths for Unr'einforced,
Masonry Walls Supported on Both* Vertical Edges:

.

A-1 Hollow Masonry
A-2 Solid Masonry

B. Maximum Plate Dimensions for Unreinforced, Hollow
Masonry Walls Supported on One Vertical Edge and the
Base

C. Allowable Stresses in Concrete Masonry:

C-1 Unreinforced Walls
C-2 Reinforced Walls .

D. Allowable Loads on Hilti-Kwik Concrete Anchors

E. Support Conditions for Unreinforced Walls
.

'

P. Rigid Range Seismic Acceleration Values*

G. Reactor Building Seismic Displacement Profi,le .

"

- H. Attached Component / Equipment Weights for Dead Load
Calculations .

'I . Allowable Block Pullout Loads ,

,

-
- .

,

*

.

.

-
.

.

.

M - -
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.

'

Lii Es11 At tst?c.er.t 1. :.;n .
~

Building Elevstion Tni ci. ries s Weight Weight Sp n
.

(ft.) (in. ) (psf) (psf) (ft.)
4 17 4 6.7
6 26 5 8.3

14.5 8 34 7 9.6
12 48 10 11.6

'

4 17 4 6.7
6 26 5 8.3 1

34.5 8 34 7 9.6 |
,

12 48 10 11.6 l

' )harbine
,

*
,

Building 4 IV.'~ 4 6.7.

' ' .5 8.36 26 ' -

8 34 7 9.654.5 -

12 48 10 11.6
.

4 17 4 6.7
6 26 5 8.3

104.75 8 34 7 9.6
12 48 10 11.6

.

4 17 4 6.7'

*

14.5 6 26 5 8,3

4 8 34 7 9.6
'42.5 12 48 10 - 11.6

*

4 17 4 6.7 ,

65.75 6 26 - 5 8.3
4 8 34 7 9.6-

82.75 12 48 10 11.6
Reactor
Building 4 17 4 6.7 -

108.5 6 26 5 8.3
g g 34 - y- 9.6- .

129.0 12 48 10 11.6
.

4 17 4 6.4
.

6 26 5 7.8
147.0' i 8 34 7 9.0

12 48 ' 10 10.7
.-

1
-

Maximum Horizontal Span Lengths for
'

Unreinforc'ed, Hollow Masonry Walls
Supported on Both Vertical Edges

'

(Natural Freque.ncy >f,20 CPS and flexural tension stress < F )
Exhibit A-1-

~

*
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'

Elevaticn Wall Kn11 Attachs.ent " Maximum
'

, ,

. Building (ft.) Thickness Weight Weight Span
(in.) fos f) (psf) (ft.)

4 44 4 5.7
6 68 5 7.1

14.5 8 92 7 8.2
12 141 10 10,0-

.

4 44 4 5.7
*

6 68. 5 7.1 .

34.5 3 92 7 8.2
, 12 141 , 10 10.0

lbrbine
.

Building 4 44 '''.' ('4 5.7
- 6 68 5 7.1

54.5 8 92 7 8.2
- 12 141 10 10.0

4 44 4 5.3
6 68 5 6.7

'

104.75 8 92
'

7 7.7,

12 141 10 9.1
'

,
,

! 4 44 4 * 5.7
14.5 6 68 5 7.1

3 8 92 7 8.2
42.5 12 141 10 10.0

"

4 44 4 5.7
'

-
*

65.75 6 68 5 7.1*

4 8 92 7 8.2
82.75 12 141 10 IQ.0; -

,

Beactor -

Building 4 44 4- ' . 5.1 -
2.

,

6 68 5 6.5' 2* 108.5 *

4 8 92 7 7.4
129.0 12 141 10 8.8'

.,

| 4 44 4 4.6
*

5 5.86 68 -' -
.

' ,

147.0 8 92 7 6.6'

20 7.9| 12 141
-

-

,,

Maximum Horizontal' Span Lengths for ,
,Unreinforced, solid Masonry Walls

Supported on Both Vertical Edgar,,
(Natural Frequency )20 CPS and flexural tens ~ ion stress < F )t

.

Exhibi't A-2

--e
~
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Exhibit B
,

PLo r er *4 F
1:c R E O H e < .

WEl6HT or ATTAC.ARELTTS b 5
*

\NcLubED p
.

fl.o '- 3 *

eq.;- _ ' . S-

_

s-

,

: _
4 -

-

; .

| /OD' -

..

8.d '
- -

I .

,

$
6.o'- - .

.

-
.

,

'

E NALL. . ,,
,

| . 8 %u.'

6'W411

| ,.e-
- om ._

.

. .

- -
,

.

l *

o_ I e s 'I I I

O E.O ' 40' $.O' OO' /00' |50'
'

Maximum Plate Dimensions for Unreinforcbd, Hollow Masonry
h' alls Supported on One Edge and the Base
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Exhibit C-1 ' Allowable Stresses for Unreinforced Masonry
,

Allowable Stresses (psi) (6)*

.
__

'

M (1) M' (1)-

- AS1N Block Type ASTM Block Type _ ,

C90 C129 C145 C90 C129 C145
zEmo ww sw us sw we ud'

'

gpgg Description gg gg gg gg g g, gg
Related to Related togg;g , , ,, ,, , ,,

$Ne MS ES ES ME EE ES
9 I'" O "o 77 'i T TT f'" I "o TT IT TTim

3d'$h Se $a 58 Se S il' $a
2

;
c a - ;:

! | |h COMPRESSION (3) ,

-4 | | 277
g

h- Axlal (4)(2) F 0.22 f'm 297 ' 139 1 238 0.44 f's 594 I 475
a

356 0.66 f's' 891 | 416 |7135 Flexural Fm 0.33 f's 446
|

208
|

9

h BEARING (3)(5) Fa 0.25 f's 338 158 270 0.50 f'm 675 540
|

315

|'O | |
g ..

SHEAR (3) 8| | , ' . | |

lOut of plane y, 1.5 [fTiii 55 | 38 | 49 2.25[f a 83 56 74'

In plane (7)
| 23 | 34 | 44

.
'

(Shear Walls) vm 0.9 (f's 33 30 1.35(f's / - 50
I I I I
i i .

TENSION (3) | | | |,

oo 5 i? R
;? *'

< ' Normal to | | 21 0.75k
|

32
|

[(~ bed joints (8) F- 0.5 /m ,21

|
21

| | | 32
32

t o
<+ Parallel to .

,
mn bed joints in

| 64 | 64!, 42 | 42 1.50/m 64running bond F 1.0 [m 42a
t o o

| | | |
J

.
-i . . , , ,

'
*

u t
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Exhibit C-1 (cont'd)

Notes:

(1) M and M' shall be used for evaluating stress in accordance with
Section 7.2.

~

(2) Multiply these values by (1-(h/40t)3) if the well has significant
vertical load at the top edge.

. .

(3) The net area to be used for evaluating *ckressiah, bearing, shear
and tension stresses is shown below. n ls arca ipplies to wall
sections on vertical planes as well as sections (shown) on
horizontal planes.

BMVgh' M KG- p 4 l' M of/M E p a voMMMMgMaev4.wp
N %

rik M & iW/)/7s W /7kk w AsN w/so r/n/s/insWC ik
. _

'

| Mos t.ow ' Mn.so A/My

|

'

.

So4/D . M,qsoA/K Y

,
.

-'
,

ne effective length to be used to evaluate axial compressive(4)
stresse,s under concentrated loads is as given in Note (2) of
Exhibit C-2. -

.
,

(5) Allowable bearing s, tress may be increased 10 0.375 f's for M and
0.75 f's for M' if load is applied on one-third of the compression

,
area or less.

, ,

* -
.

. ..
~ (6) Values for'the moduli of elasticity and rigidity for all masonry

strengths f'm are as follows: .

Modulus of Elasticity E = 810,000 psisModulus of Rigidity * E = 324,000 psiy

.

*

-.-a
.
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Exhibit C-1 (cont'd)

(7) For non-shear walls which are confined in the structure and subjected
to shear distortion due to relative floor displacements, the
allowable relative displacement (A) is 0.1% of the height of the
wall (h).

.

For non-shear walls which are subjected to shear distortions due
to relative floor displacement but cannot.be classified as confined
walls, the allowable relative displacement:is 0.01% of.the height
of the wall. %-

,

Confined walls are bounded by adjacent steel or concrete primary
structures." As a minimum, confined walls are bounded top and bottom
or bounded on three sides. Examples of confined walls are shown
schematically below.

" 3"' e " 'rS e
'

| | s $ $
$ $ <- -

m irrrrn taa,,,!. $ 77777
'

| Confined walls: e = A/h 4 0.001
*

y

Unconfined walls are not bounded by adjacent steel or concrete
primary structures sufficiently to create a confining effect. An
example of an unconfined wall is shown schematically below,-

h
L ,,,'

- -
.

y = A /h f d.0001 - *

. UnEonfined wall: e .;-

:

(8) Flexural tension normal to the bed joints may be used only where
- failure of the bed joint will not cause. failure'of the wall; i.e., -

there nust be an alternate load path available. -

~ *

-
. .

,

. .

.

.

.

.

- ,:
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Exhibit C-2 Allowchio Str2ssss f:r Rsinforc d Mrs:nry Kn11s
,

Allowable Stresses (Masonry) (psi) (11)

Description Mf1) M' (1)

Related to AS'IM C90 Related to ASTM C90
f's f'm=1350 psi f's f'm=1350 psi ,

I |
COMPRESSION -.

Axial (2)(3) F, 0.22 f's 297 .44 f'm 594
Flexural (4) F, 0.33 f's I 446 0.66 f's ! 891

I 1-

e i

BEARING (5) F, 0.25 f's |
338 0.50 f's | 675

.

| !
snEAR

I I
No special shear - - a*r'

|,
'reinforcement 3

iI TOut of plane (6) y, 1.5 (f's 55 2.25[f i 83
; |In plane (12) (7) .

(Shear walls) v'
M/Vd h1 O.9/f'm | 33 1.35/f's | 50y,

M/Vdy =0 (8) 2.0(f's 73 - 3.0 (f's 110! *

| I
Reinforcement -

|
taking shear |

.
'

I

|Out of plane (6)' y,- - 1.5 (f's | 55 i~?- 2.25/f'm 83'
2

;

l In plane (12) (7)
| |

(Shear walls) v

M/Vd h1 (8) I'* I* |
**y

M/Vd =0 2.0ff's 73 3.0 (f's 110y
|

:

'

Allowable Stresses (Reinforcement) (psi)
| Description ,

| M (1) M' (1)

BOND

*

Deformed bars u 140 140
-

.

DESIGN CRITERIA DC-1 3
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.- Exhibit C-2 (cont'd)
_

Allowable Stresses (Reinforcement) (psi)
Description

M '(1) M' (1)

TENSION
-

6
COMPRESSION *

, . - .,
' ' '

Reinforcing steel F,
" ' . , .-

,

Grade 40 bars 20,000 0.9 fy (9)

Joint wire
,

reinforcement 0.5 fy (10) 0.9 fy
i

i

!

.
.

( *
Notes: -

. .

!
| (1) M and M' shall be used for evaluating stress in accordance with Section

.7.2.
-

|

(2) . The effective area to be used for evaluating axial compressive stress 'is
shown below:

\
-

.

.
t .

l j ., . . . . . . ,.
.. . . - ,

| ,

. *

-
- .,

s , , -
'

* ', .), '' --

,,.

_ .
,

:. <
. . .. .-

.

Lg ',, / Effective length I. depends on '~ '

type of bond and loading (see. ' . -l
.

$* / next page).
- ... ..

*

. D.Y
..

.

F#77Al Effective area for axial
,

! compressive stress calculations on
net section of masonry units plus

* grouted cores.
=

~
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Exhibit C-2 (c:nt'd)*
.

(2) (cont'd)
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Exhibit C-2 (cont'd)*

(3) Multiply these values by (1-(h/40t)3) if the wall has significant vertical
load at the top edge.

'

(4) The effective area to be used for evaluating flexural' compressive stress
is shown below.

.

'

St or stud spacing
W ''*g g,, I uAichewirr is less for :: =

*"**"#! herains head.o .

%W$NQ*. .. eNW b m SA ###ENWAU r.m
:. e r

} g &; u y
,
.,e.a %.. . .

' " * * "su w $y ,

' t
Area essarned effective in hemural tornpression, -

force norrnal to face

.

!
l

l (5) Allowab'le bearing stress may be increased to 0.375 ffat for M and .-- -- -

0.75 f's for M' if load is applied on one-third of the compression areai

or less.

.:

I

(6) The effective area for evaluating shear stress for walls in flexure isi

shown below.
'

|
*

-
.

*
.

1

k rk mr YS '
f

-
$ _ $ fa (MU . _-_ _ . . -. 4-. d .I - .. ... k.

y mn-

.y: >w, aw ..

,

*~ fowwwC. Srnrert. --
.

,
'

Area amened affective in shear.
*

force norrnal to face. ,

. * . ,

. . .

,

,

. .

.

.

.

.I

~
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, ' . Exhibit C-2 (cont'd)

(7) The effective area for evaluating shear stress for shear walls is
shown below.

.

I

N0f f$$ OQ} W/YM///////QA i V

s 0 j j -

'I N WHf//d$/&/A|5
"fswwsos: Snarge * 's'

Area assumed effective in sheer,
forse parafief to face-

(8) M is the maximum bending soment ocurring simultaneously with the shear
load V at the section under consideration. d is the length of they
wall in the direction of shear. Interpolate by straight line for
N/Vd values between 0 and Ic- *t

y
.

(9) f is the specified yield strength of the reinforcement. (fy = 40 KSIy

i'or grade 40 reinforcement per Ref. 2.5)
'

~not to exceed 30,000 psi.(1,0) 0.5 fy .

(11) Values for the moduli of elasticity and rigidity for all. masonry
strengths f'm are as follows:.

.

-

t Modulus of Elasticity E = 810,000 psi - - ..sModulus of Rigidity E = 324,000 psiy
.

~

(12) 'Ihe in-plane distortion considerations discussed in note (7) of
Exhibit C-1 also apply to reinforced walls.

.

'

.

.

.

.

-

.
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' , - Exhibit D Allowable Loads en Milti Kwik Bolts

^ *"" *L*
Bolt dia. Embedment'
(inches) (inches) .

Tension (Ib.) Shear (ib.)
(Ta) (Va)

.

.

2 1/4 951 2018
>: :

.

2 3/4 1218 - .' 2018
~

-

,,

. 3 1/2 1541 2018
,

1/2 4 1/2 1733 2391

5 1/2 1902 2391

6 1996 2391
,

a e t
1750 3400 '- ~

2 3/4: - -

3 1/2 1918 3400-

'

4 1/2 2375 3400 ,,

*

5/8 5 1/2 2731 3600

6,1/2 3002 3600..

*

7 1/2 3250 3600'

.,

, ,

.

. .

'

, 3 1/4 2359 4968 -

~

| 4 2887 4968
, , ,

'

~~4968 - - ,'' '

5 3525
,

|

' ' '

6 3975 49683/4' '

.
7 4600 4968

,
8 4875 4968

9 4937 4968

'

DESIGN CRITERIA DC-1

EES 80014 6 82028 Rev. 3 3
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Exhibit D Allowablo Loads on Hilti Kwik Bolts (cont.) -.

'

A11owable. LoadBolt Dia. Embedment
(inches) (inches)

Tension (ib.) Shear (ib.)
.

4 1/2 3750 , 6777
,

5 430 N -
"

6777
-

,.

6 5281 6875'

.

1 7 5712 6825

8 5712 7730
,

.

9 5712 7730 ,

10 5712 7730
- * *

, e s .

| 5 1/2 5312 8150
l
' 6 1/2 6087 8150

'
*

7 1/2 6837 8150'

,

1 1/4 8 1/2 7462 8496-
.

.

'

9 1/2 ,8000 8496-
,

, .

'

10 1/2 8462 8496.

*

eIAllowable Loads are based o,n a Factor of Safety of 4.0 and
iconcrete strength of 3000 psi.

-
-

e. Combined Tension and Shear shall be evaluated as follows:.-

T (actual) f., ,v (actual) f y
'

,,

Ta
,

va %
e A minimum edge distance of 6 inches shall be used unless

otherwise justified by calculation.
. .

o A minimum center to center bolt spacing of 10 bolt diameters
or 2 times the embedmer.t length, whichever is largest, shall
be used unless otherwise justified by calculation.
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Support Conditions-
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-
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.
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[ Exhibit F .

Rigid Range Seismic Accelerations

f6r
Re-evaluation of Masonry Walls *

.

Design Earthquake Maximum Earthquake
Building El. E (acc.in 'g'.s ) E' (ace.in 'g's) ~

i

Turbine Eldg. 14.5' .093 HorizV .226 Horiz
. .

i (Ref. 2.8)e .067 Vert * .146 Vert.

'

34.5' .146 Horiz .346 Horiz
.

| . 067 Vert .146 Vert

54.5' .186 Horiz .452 Horiz
.067 Vert .146 Vert

! 104.75' .333 Horiz .798 Horiz .

.067 Vert .. 146 Ver,t, , j : ..

|
'

-
. ..

,
Reactor Bldg. 14.5' .093 Horiz |2 .226 Horiz

.D67 Vert .146 Vertl .(Ref. 2.6)*
42.5' .106 Horiz .253 Horiz> .

.067 Vert ' .146 Vert.

.

65.75' .160 Horiz .386.Horiz
.067 Vert .146 Vert -

. -

. . : 82.75' .200'Hori'2 ; .479 Horiz .-i
.

8
~

-

.067 Vert .146 Vert
_.

'

108.5' .279 Horiz .678 Horiz
.

.067 Vert .146 Vert
'

129.0' .346 Horiz .838 Horiz.
.

.067 Vert .146 Vert.

-
. .

147.0' .426 Horiz 1.04 Horiz
- .067 Vert .146 Vert

,

| * Tabulated Accelerations are 1.33 times those-

in Refs. 2.6 and 2.8..

.. . .

DESIGN CRITERIA DC-1*

3
80014 f, 82028 Rev. 3
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Exhibit G Reactor Building Saismic Displaccment Profile (Ref. 2.6)
,

! i a i . .

Et lif t 21/2m*IE - -

.

EL 129 ft 0 m
*

120 .. . - -

.. \ '. -

EL 15 n 5 se,

U:

E'

$ so
. -

EL 82 n 9 n
. E
i 5

d EL 65 n 9 m
50 - -

*
EL 82 n.s e / st :~ . *. ;.

,
3 y= .

30 --

EL li n E m
.

-
.

0-- EL C H . O m _

-
.

*BASE El-76 f O m
'I ,y I i 1 'f f . .

30 50 to 170 1508 -

.

Displacement in Mils
'

Note: Profile shown is for the Design
Earthquake (E). For Maximum-

Earthquake (E') multiply displacements
*

,
by 2.4 -

,,
,

.

.

.

--==:
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Exhibit H.

'

Attached Component / Equipments

Weights for Dead Load Calculations
_

Seismic Conduit Support Standards

" " * ' " ' " " ""* # **
Conduit

Nom. Size Steel Aluminum
(Lbs ./Ft .-) (Lbs./Ft.)(in.) < .

.

...
' ' '

1.0I 2.0 -
..

2 5.0 2.5.

3 11.0 6.0

4 16.5 9.5 -

i--- . , .

- - - - - 5 24.0 14.0,- - 1i

6 32.5 19.5
. .

.

~

Electrica1 Panels Surface Area of Panel x 3.50 lb/Ft2
,

-_

'

Flow of Fluids 'Ihrough Talves, Fittings, and Pipes,
Piping Crane Co. Technical Papet No.i 410, copyright :;' - .

-. .- .
,

'

1979--Crane 'Co.', New York, N.' Y.' . (Appendix B) ~
.

'

-
. .

. .

,. .. .
.

* * '

. .

.

.

.

-
.

-%
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Exhibit I Allow:.ble Block Pullout Imds
,

5 /.-- / Y f
.

sk ...... .

<< 1.. .

C

Watt- ASTM Aiownsic Bi.oc.x
Twcxurss Bioce Tvn Pauour Zo.co 6.e)

(w. )
M M'

C, ho ~

2302. -3922 - -S! .,, ,

C-/29 /609 '237R. .
.

C-/98 2093 3069

C - 90 3090 965.2S C -/.29 2iNo 3/63
-

*

C -/d 279/. &'0 9't
.

C -TO 8235 S2/2.
*

8 c -ta9 2 6 7't 3952
'

C-MS. 3977 5//6.

*

C - 90 9609. 4976'

l.2 C -/2 9 3209 4'7W
C. ~/'/[ VUT4 6/39

'
-

.

Refer to Section 7.2 for description of M and M'

l- = =
.
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MILLSTONE NUCLEAR POWER STATION, UNIT NO. 2
;
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IE BULLETIN 80-11, MASONRY WALL DESIGN
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RESPONSE TO NRC QUESTIONS
MASONRY WALL RE-EVALUATION

(NRC IE BULLETIN 80-11)
MILLSTONE PLANT UNIT 2

1. QUESTION:

Indicate whether the walls are stack or running bond. If any stack
bond walls exist, provide sample calculations used to obtain stresses
of a typical wall.

RESPONSE:

All masonry walls at Millstone Unit #2 are running bond.

2. QUESTION:

a. Section 3 of the criteria (3) specifies ACI 531-79 (5) as the
governing code for allowable stresses in masonry walls. In
Section 5.1.1.3 of Reference 2, the Licensee has listed allowable

shear stresses which exceed some allowables listed in ACI 531-79.
Justify the following allowable shear stresses (the allowable
stresses from the ACI 531-79 "Special Inspection" category
are shown in parentheses and based on an f', of 1350 psi).

No Shear Reinforcement

Flexural members
50 psi (33 psi = 0.9 (f',)1/2)
Shear walls
50 psi (33 psi = 0.9 f', M/Vd }1)

Reinforcing Taking Entire Shear

Flexural members

m)1/2)120 psi (110 psi = 3.0 (f'

Shear walls
75 psi (55 psi = 1.5 f', M/Vd 21)

The Licensee should indicate whether construction practices
were in conformance with the provisions specified in ACI 531-79.

b. Provide allowable stresses for unreinforced masonry. Justify
these values if they exceed those given in ACI 531-79 or
UBC-79.

RESPONSE:

a. The Millstone Unit #2 FSAR, which was used as the basis for our
licensing document, specifies the UBC-67 to be used as the
design code. Allowable shear stresses in masonry walls were
determined in conformance with its provisions.



In general, shear did not govern in the design of the masonry
walls. An investigation comparing the actual shear values with
the ACI 531-79 failure criteria has not been made.

In conformance with the Millstone Unit #2 FSAR the specified
construction practices were in conformance with the provisions
specified in UBC-67. The actual construction practices did
meet the intent of the ACI 531-79 although added allowable
stress factors were not included for this reason.

b. Allowable stresses for unreinforced masonry were determined in
conformance with the provisions of UBC-67, which are:

OBE & 115 mph SSE & Other
Wind Load Case Accident Load Case

Axial Compression = 175 psi 232.5 psi 350 psi
Flexural Compression = 175 psi 232.5 psi 437.5 psi

Bearing = 263 psi 349 psi 658 psi

Flexural Tension = 24 psi 32 psi 40 psi
(Spanning horiz.-running bond)

Flexural Tension = 12 psi 16 psi 20 psi
(Spanning veritcally-running
bond)
(Tension = 0 across head jt.
in stacked bond)
Shear Stress = 12 psi 16 psi 20 psi

These values are based upon using Type S mortar and having inspection
provided.

3. QUESTION:

With respect to multiple wythes, clarify whether collar joint
i strength was used in the analysis. If so, justify by any existing

test data the values used for allowable shear and tension of collar
joints. Provide sample calculations illustrating the analysis of
multiwythe wall.

RESPONSE:

All composite walls were assumed to have zero collar joint strength
and, therefore, walls which satisfied the elastic criteria compositely
were through bolted with prestressed bolts to assure composite
action.

Sample calculations illustrating the analysis of a multiwythe wall
are included in attachment 2.

-2-
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4. QUESTION:

The Licensee uses an increase factor of 1.67 (Reference 2, Section 5.2.1)
for allowable masonry stresses in tension and sh' ear whereas the SEB
criteria (3) allow only 1.3 for shear and tension normal to the bed
joint and 1.5 for tension parallel to the bed joint. The Licensee
justifies the factor of 1.67 by claiming it provides a factor ofsafety of 1.8 (3 / 1.67). Substantiate this assertion by any
existing test data. The licensee is also requested to indicate the
number of walls which would not be qualified if the SEB criteria
were to be used.

RESPONSE:

The factor of 1.67 for shear bond stresses was included in the
:

criteria for the re-evaluation of concrete masonry walls (Reference 1)
submitted November 4,1980, prior to the publishing of the Standard
Review Plon (Reference 2) being published in July, 1981. Code
allowable stresses for masonry shear, bond, and tension normal or
parallel to the bed joint were increased by a factor of 1.67 for
load combinations involving abnormal and/or extreme environmental
conditions which are credible but highly improbable. Since-ACI-531
Code Allowable Stresses (Reference 3, Chapter 10.1 of Commentary)
are generally associated with a factor of safety of 3, the 1.67
increase still provides a factor of safety against failure of
1.8 (3 / 1.67). It is our engineering judgment that a factor of
safety of 1.8 is conservative and allows sufficient margin for
abnormal and/or extreme conditions. An analysis to determine the
number of walls which would not be qualified if the SEB criteria,

were to be used has not been done at this time.
5. QUESTION:

In Reference 2, the Licensee indicated that the energy balance andi

;

arching action techniques have been used to qualify some of the
masonry walls. The NRC does not accept the application of those
methods to masonry walls in nuclear power plants without conclusive
evidence to justify this application. The Licensee is requested to
indicate the number of walls analyzed by each of these techniques
and to provide sample calculations to illustrate the analysis by
each technique. The Licensee is also requested to identify the
types of structures (grouted, ungrouted, distribution of reinforcement)
involved in these analysis. In addition, the following areas need
technical verification before any conclusions can be made:

Energy Balance Techniquea.

Provide a technical basis to ensure that the ductile modeo

of failure will occur (if the wall fails).

Provide justification for and test data (if available) too
: validate the applicability of the energy balance technique
i to the masonry structures at Millstone Unit 2, with

particular emphasis on the following:

-3-
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(1) Nature of the load
(2) Boundary conditions
(3) Material strengths
(4) Size of test walls

b. Arching Action

Explain how the arching action theory handles cyclico
loading, espcially when the load is reversed.

Provide justification for and test data (if available) too

validate the applicability of the arching action theory to
the masonry structures at Millstone Unit 2, with particular
emphasis on the following areas:

(1) Nature of the load
(2) Boundary conditions
(3) Material strengths
(4) Size of test walls

If hinges are forced in the walls, the capability of theo

structures to resist in plane shear force would be diminished,
and shear failure might occur. This in plane shear force
would also reduce the out-of plane stiffness. Explain how
the effect of this phenomenon can be accurately determined.

RESPONSE:

A total of 57 masonry walls did not meet the acceptance criteria of
the 180-day report and were modified. If feasible, walls were
modified to meet clastic criteria. Of the 57 modifications, 43 were
repaired to the elastic criteria and the remaining repaired to the
operability criteria. The operability criteria included use of the
energy balance technique (in 3 cases) and the arching action technique
(in 18 cases). All three walls analyzed using the energy balance
technique were grouted with #5 bars at 24 inches. All walls analyzed
using the arching theory were grouted, with varying and without any
reinforcement.

Sample calculations illustrating the energy balance and arching
action techniques are included in attachments 1 and 2 respectively.

Energy Balance Techniquea.

The energy balance technique is used to analyze masonryo
walls subjected to out-of-plane loads. For this particular
loading condition, a reinforced concrete block wall is a
ductile structure, provided a flexural type of failure
occurs with tensile yielding of the steel (Reference 4).
Flexural failure by yielding of steel is ensured by
checking the compressive stress in the block to determine
that its crushing strength is not exceeded. Experimental
work performed by Sheppard (Reference 5) indicates
" considerable ductility" in concrete block walls having

-4-



reinforcement ratios of 0.15% or greater. All walls<

analyzed by energy balance at Millstone Unit #2 meet this
criteria.

(1) The energy balance technique was developed to analyze
ductile structures subjected to seismic loads (Reference 6).
At Millstone Unit #2, energy balance is used primarily
to determine the ability of reinforced masonry walls
to resist earthquake loadings.

(2) (3) (4) Boundary conditions, material strengths and
wall size are all conditions that quantitatively
affect the response of a particular wall. In order
to apply the energy balance technique, the wall need
only be shown to qualitatively respond in a ductile
manner. It is the inelastic energy absorption
associated with a ductile response which is the
foundation of this method of analysis.

Actual physical evidence in support of the energy balance
technique is cited in Reference 7. This reference investi-
gates the ductile failure of catalytic cracking towers
affected by the 1952 Arvin-Tehachapi earthquake. The
study shows " general agreement between observed and
computed values" of displacement.

b. Arching Theory

The arching theory of confined masonry walls is based ono

an extensive full-scale test program sponsored by the
Defense Civil Preparedness Agency and the Veterans Adminis-
tration (Reference 8). The tests were performed in a
" shock tunnel" in which a wall was " struck by a blast
wave, the wave reflected from the wall returned to its

source area, then re-reflected to strike the wall again,
about 0.3 seconds after the first loading. Thus, these
tests provided information on the ability of (arching)
walls to withstand a number of reversing loading cycles."

(1) At Millstone Unit #2, arching theory was used primarily
to determine the ability of masonry walls to resist
uniform pressure loadings and earthquake loadings.
The test data of Reference 8 provides justification
for applying arching theory to masonry walls subjected
to pressure loads. Reference 8 also cites field,

'

evidence which confirms the increased resistance to
out-of plane earthquake loads of confined (arching)
masonry walls over nonarching walls.

,

(2) Boundary conditions required for the application of
arching theory were validated by walkdown inspection
of the masonry walls to be analyzed.
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(3) Experiments on arching have been performed on walls
that range in crushing strength from 1000 psi to
3000 psi (Reference 9). The masonry walls at Millstone
Unit #2 fall within this range.

(4) The tests of Reference 9 were performed on walls
arching over an 8'-0" span while those of Reference 8
spanned 8'-6". We consider that application of
arching theory to the range of wall sizes encountered
at Millstone Unit #2 is appropriate.

The walls at Millstone Unit #2 analyzed by the archingo

method are not designed to act as shear walls or as
bearing walls and, therefore, are not subjected to significant
in plane load. This eliminates the need to determine how
in plane and out-of plane loads interact.

6. QUESTION:

Section 3.7.2 of the Standard Review Plan requires that unless a
dynamic analysis is performed, the effect of higher modes of vibration
shall be accounted for by multiplying the peak acceleration of the
floor response spectrum by a factor of 1.5. The Licensee is requested
to explain how higher modes of vibration were accounted for in the
analysis.

RESPONSE:

The "Blockwall" program was mainly used for the analysis of reinforced
masonry for external and/or seismic loads. This program utilizes a
response spectrum analysis to determine the seismic inertia loading
including the effects of higher modes. When hand calculations were
used the peak floor response acceleration factor was multiplied by
1.5.

7. QUESTION:

Indicate how earthquake forces in three directions were considered
in the analysis.

RESPONSE:

The stresses were developed based upon the out-of plane loads. The
effects of vertical and in plane loading were assumed to be negligible
and thus not considered.

8. QUESTION:

Indicate how out-of plane drift effects are considered in the
analysis.

-6-
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1

RESPONSE:

In the evaluation of Millstone Unit #2, all masonry walls were
analyzed as having pinned boundaries. For this reason, drift was
not a principle consideration in the re-evaluation of the masonry
walls.

9. QUESTION:

Indicate if block pullout was considered in the evaluation. If yes,
provide sample calculations of block pullout analysis.

RESPONSE:

The block pullout was considered in the re-evaluation of masonry
walls at Millstone Unit #2. Sample calculations of the block
pullout analysis are provided in Attachment 2.

,

10. QUESTION:

Specify the number of masonry walls analyzed for impact and suddenly
applied loads. Provide the results (stresses, displacements) of
these analyses. In addition, provide a sample calculation illustrating
the analysis for impact and suddenly applied loads.

RESPONSE:

All masonry walls that were subject to possible impact and suddenly
applied loads were reviewed. When the review determined these loads
to be appreciable relative to other loading conditions an analysis
was made to determine their impact.

Sample calculations illustrating the analysis for impact and suddenly
applied loads (jet impingement) are included in Attachments 1 and 2.

11. QUESTION:

Provide the final report on the re-evaluation and modifications to

masonry walls which was scheduled to be submitted by May 1, 1981.

RESPONSE:

The final report on the re-evaluation and modifications to masonry
walls has been included in Attachment 3.
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Attachment I consists of an 18 page (sheets 0-17) example of energy
balance and jet impingement analysis,
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Attachment 2 consists of a 19 page (sheets 0-16) example of a multiwythe
wall, arching action, block pullout, and jet impingement analysis.
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Attachment 3 consists of the Final Report on Concrete Masonry Wall
Evaluation in response to NRC I.E. Bulletin 80-11 for Millstone Unit 2.
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I. INTRODUCTION

O This report contains the results of the reevaluation of concrete

masonry walls for the Millstone Nuclear Power Station Unit 2, and

serves as a final response to NRC 1.E. Bulletin 80-11, dated

May 8, 1980. The bulletin required all licensees for nuclear power

'

plants to reevaluate the design adequacy of all masonry walls which

are in proximity to or have attachments from safety-related piping

or equipment such that the wall failure could affect a safety-related

system.

11. GENERAL DISCUSSION

:

As a result of I.E. Bulletin 80-11, Northeast Utilities Service Company (NUSCo)

retained Bechtel Power Corporation, Gaithersburg Division, to provide,

O! services including: walkdown, analysis, and modification if necessary

of Millstone Unit 2 concrete masonry walls.

All walls which are in proximity to or have attachments from safety-

t

related piping or equipment such that the wall failure could af fect

a safety-related system were identified and categorized in a systematic

plant walkdown. The walkdown was performed in accordance with the

procedures established in the 60-day report submitted to the NRC by

Northeast Utilities (letter from W. G. Counsil, dated July 7, 1980). All

| Masonry walls included in the walkdown are shown on the wall location plans

in Attachment A. A total of 312 masonry walls were included in the survey

( of which 155 were supporting or in the proximity of safety-related items,

l

and the remaining 157 were determined to be non-safety-related.

:
;

-1-
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The 155 walls identified in the walkdown as safety-related were analyzed

() and compared to the acceptance criteria as established in the 180-day

report (reference 1). These walls were analyzed for the applicable

loading conditions including earthquake, wind, tornado and pipe break

effects. A summary of the analyses for the safety-related walls is

tabulated in Attachment B, showing 98 meeting the established acceptance

criteria and 57 requiring modification. All the required design modifi-

cations have been issued to NUSCo, and the construction work was completed

during the last plant outage (December 1981).

III. ANALYTICAL METHODS

The reevaluation of the design adequacy of safety-related masonry walls

was conducted in accordance with the acceptance criteria set forth in

() the 180-day report. The analyses included both clastic and operability

criteria as summarized below.

The clastic criteria utilized two basic methods of analysis, the Bechtel

computer program 'Blockwall' and hand calculations both of which are

based upon working stress theory.

The 'Blockwall' program was mainly used for the analysis of reinforceda.

concrete masonry walls for external and/or seismic loads. Based on
~

modal analysis, a response spectrum analysis is performed to determine

the seismic inertia loading. The reevaluation criteria and 'Blockwall'

program descriptions were given in the 180-day report.

b. Hand calculations were performed for solid masonry walls using thep(>j

same criteria and determination of loads as in the 'Blockwall' program.

-2-
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The operability criteria also utilized two basic methods of analysis;

i energy balance technique and arching action.

a. The energy balance technique recognizes the energy absorbing

capability of the wall beyond its elastic range. This

analysis was used only on single panel, reinforced masonry

walls on which flexural yielding of the reinforcement was the

governing failure mode.

b. Arching action was primarily used on un-reinforced walls.

This technique relies upon the ability of the wall after flexural

cracking occurs to form a three-hinged arch between rigid
ay

boundaries. The analysis was only applied to walls which

were capable of transfering the large vertical in plane forces

developed to a relatively stiff structural boundary.

! IV. MODIFICATION METHODS

A total of 57 masonry walls did not meet the acceptance criteria of

the 180 day report and were modified. If feasible, walls were

modified to meet elastic criteria. Of the 57 modifications 43 were

repaired to elastic criteria, the remaining repaired to the operability

criteria. A short description of each repair type is listed

| below.

Reduce Span - This repair consists of addition of structural steel,
|

a.

meeting certain stiffness requirements, to provide enough support

to reduce the wall's span to satisfy the elastic criteria.

-3-
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b. Provide Boundary Connection - Structural steel was provided at the
O top of the wall to assure a sound boundary connection. This was used

with both elastic and energy balance analyses.

Provide Support at Free Edge - Walls with one or more free edgesc.

were modified to satisfy the elastic criteria through the addition

of structural steel at their free edge.

d. Grout Decking Above Wall - In order to apply arching action to

certain walls it was required to grout the decking above the wall

to assure proper transfer of the reaction to the structural boundaries,

e. Through Bolt Wall - All composite walls were assumed to have zero

collar joint strength and, therefore, walls which satisfied the

elastic criteria compositely were through bolted with prestressed

bolts to assure composite action.

f. Remove or Through Bolt Pipe Support - Removal of pipe supports from

the wall reduced the external load so it would satisfy the

elastic acceptance criteria. Through bolting of pipe support base

plates redistributed the pipe support load to all the wythes

so the wall would satisfy the elastic acceptance criteria.

I

l

g. Provide Structural Barrier - Structural barriers were provided to

protect safety-related items attached to or in proximity of the walls.

O

-4-
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V. SUMMARY

O
The I.E. Bulletin 80-11 program included 312 concrete masonry walls

of which 155 were supporting or in the proximity of safety-related

items, and the remaining 157 were determined to be non-safety-related.<

Non-Safety-Related Walls 157

Safety-Related Walls 155

98 Satisfied acceptance criteris

57 Required modification
; .

TOTAL 312

All modifications have been completed, and all safety-related walls ,

meet the acceptance criteria.

O

!

|
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