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FLORIDA POWER & LIGHT COMPANY

October 4, 1982
L-82-428

Office of Nuclear Reactor Regulation
Attention: Mr. Robert A. Clark, Chief

Operating Reactors Branch g3
Division of Licensing

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

Dear Mr. Clark:

Re: St. Lucie Unit 1

Docket No. 5Q-335
IE Bulletin 80-11
Additional Information

We have reviewed your letter dated August 5, 1982, which requested additional
information concerni ng our response to IE Bulleti n 80-11 (Masonry Wall
Design). Our response is attached.

Should you or your staff have any further q'uestions on this subject, please
contact us.

Very truly yours,

Robert E. Uhrig
Vice President
Advanced Systems 8 Technology

REU/PLP/mbd

Attachment

cc: Harold F. Reis, Esquire

"g2i008026 05000335
eaioo~
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' ~ ST LUCIE PLANT - UNIT 1

IE BULLETIN 80-llew ~ MASONRY WALLS

NRC REQUEST FOR ADDITIONAL INFORMATION

Item l.
Indicate the number of walls of the stack bond type and provide a sample calculation
to obtain moment and shear stresses of a typical stack bond wall,

Response:

The number of walls. of the stack bond type is 65, A sample calculation of wall
No. 34 that shows all analysis details is provided in Attachment A.

Item 2.

A sample calculation to indicate how the effect of higher modes of vibration is
considered in the analysis.

Response:

~

~

The re-evaluation of all walls has been performed by ANSYS computer program using
mode-frequency analysis. A minimum of 12 modes has been considered in the analysis.

Item 3.

With respect to Table 1 of Reference 2, justify by any existing test data the values
for allowable shear and tension of collar joints.

'esponse:

Collar joints strength has not been relied upon in the re-evaluation of the walls.

Item 4.

With reference to Section V, Table 1 of Reference 2, justify the use of an increase
factor of 1.7 for tension normal to bed joint. SEB criteria (5) allow only 1.3.
If the Licensee intends to use any existing test data to justify this increase
factor, the Licensee is requested to discuss the applicability of these tests to
the masonry walls at the plant with particular emphasis on the following: boundary
conditions, type of loads, sizes of walls, and type of masonry construction (block
type, grouted, or ungrouted) .
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Response:

Based on the" tests performed in the National Concrete Masonry Association (NCMA),

the average modulus of rupture for walls built with Type M and S mortar is 88 psi
(Table 1, Attach B) 'on net area of hollow'units. The safety factor for factored
loads is equal to 88/1.66 x 0.5 ~mo = 2.50 (where mo 1800 psi) . 'For grouted
units, the average modulus of rupture averaged 157 psi (Table 2, Attach B) from
the tests by NCMA. The test values for 12" nominal thickness walls were not ..
included in the average since the test model, composed of 4 inch concrete brick
and 8 inch hollow block, does not correspond to St Lucie 1 construction. The
safety factor for factored loads is equal to 157/67 = 2.34 (since 1.67 x 1.0 ~mo
+ 67 max value) . Therefore, the increase of 1.67 for tension normal to bed.joint
appeared reasonable for factored loads based on the static tests ~

The boundary conditions considered for a typical unreinforced wall are:

1) simple support at the top due to two clip angles restrained on
both sides of the wall.

2). fixed end support at the bottom due to 3/8" mortar bedding
provided on top of the slab.

3) On both sides of the wall, a free boundary is considered, even
though in some cases the wall may have ties with other walls.

Since the wall',is analyzed statically once its earthquake coefficients are obtained,
the allowable tension normal to bed joint from the tests is applicable to the masonry
walls at the plant.

Etem 5.
5 ~

a- Xn Reference 2, the Licensee indicated that "yield-line theory", "plastic desi'gn",
and "arching analysis" have been used to qualify some of the masonry walls.
The NRC, at present, does not, accept the application of these methods to masonry
walls in nuclear power plants in the absence of conclusive evidence to justify
this application. Before any conclusion can be made about these methods, the
Licensee is requested to provide any existing test data to justify the use of
each technique metioned above. The applicability of the tests should be dis-
cussed for the following areas:

-Nature of the loads
-Boundary conditions
-Materials used
-Wall sizes
-Amount and distribution of reinforcement.

b. The Licensee is also requested to indicate the number of walls which were quali
fied by each method and provide the resulting stresses and displacements for
these walls.





c. Provide a sample calculation illustrating,how stresses and displacement
were calculated by .each method, (yield-line theory, plastic design, and
arching analysis) .

Response:

a. The application of "yield-line theory" with "plastic design" techniques to
masonry walls at the plant is merely a demonstration. of finding the upper.

'oundof the wall capability and its corresponding displacements. References
on the use of "yield-line theory" to masonry walls are given in Appendix 3A
(Attachment F) "A Literature Survey Transverse Strength Of Masonry Walls"
pages 3A-3 and 3A-19 of "Recommended Guildlines for the Reassessment of-Safety
Related Concrete Masonry Walls" prepared by Owners and Engineering Firms
Informal Group on Concrete Walls, October 6, 1980.

As indicated in the sample calculation (Attachment C) for wall No. 205, the
boundary conditions are origina1ly assumed fixed at the bottom and simply
supported at the top. The resulting stresses are all within allowables ac~
cording to the re-evaluation criteria except the splice or development length
is slightly inadequate. Consequently, the boundary condition of the bottom of
the wall was changed to a hinged support. As a result, the frequency was re-
duced, the earthquake coefficient increased and the maximum out-of-plane bending
moment increased. However, the actual rebar tensile stress under this condition
is still less than the yield strength which is 40 ksi although larger than the
acceptance criteria of O,g fy. Then, a calculation was made to obtain the
displacement of. the wall assuming plastic hinges formed at the bottom and the
middle of the wall. The plastic moment of the wall section was obtained by
assuming a rectangular compression stress of 0.85 fm and rebar yielding prior
to crushing of masonry. The resulting stresses and displacements were

then'udgedto be acceptable considering plant operability and conservative assumptions,

The application of "arching analysis" to masonry walls at St Lucie Unit 1 is
based on the report "Response of Arching Walls and Debris from Interior Walls
caused by Blast: Loading" by Gabrielson G., Wilton C., and Kaplan K. URS Report
7030-23, URS Research Co., 1975 and its abstract written in the "Recommended
Guidelines for the Reassessment of Safety Related Concrete Masonry Walls" pre-
pared by Owners and Engineering Firms Informal Group on Concrete Masonry Walls,
October 6, 1980.

b. The humber of walls which were qualified by "yield-line theory with plastic design"
is 3 '(x.e, Wall No. 205, 201, 202). The number of walls which were qualified by
"arching analysis" is 2 (i.e., wall, No. 116A, 162A) .

The resulting stresses and displacements for the group of walls 'No. 205, 201 and
202 are:

Rebar Tension Flexual Compression Displacement

39 Ksi 0.765 Ksi 0.98 in





sl

The resulting stresses and displacements for walls qualified by arching
analysis are:

Wall No.

116 A

162 A

Axial Compression

0.021 Ksi

0.113

Shear

0.033 Ksi

0,026

Displacement

0.045 in

0.083 ".

c. Since only two special analysis methods were utilized, a sample calculation for
each method is provided in Attachment C.

Item 6.

Provide sample drawings of wall modifications, and clarify whether the modified walls
were qualified under working stress conditions.

Response:
'I

The sketches of wall modification (wall No. 114) are included in Attachment D. All.
modified walls are qualified under working stress conditions,

Item 7.

The Licensee reported that one of the walls missing top supporting angles was in-
accessible during normal plant operation, and that it would be repaired during th'
1981 refueling outage. Indicate the current status of this wall, as well as the
status of modifications of the other walls.

Response:
5 ~

Modification to the one wall which was inaccessible during normal operation was
completed during the 1981 outage. Modifications to the other walls have been
completed.

Item 8.

Provide a sample calculation illustrating how stresses were calculated for a multi-
wythe wall.

Response:

A sample calculation illustrating hbw stresses were calculated for a
wall is provided in Attachment E.

multi-wythe

Item 9.

Provide a sample drawing of a finite element mode to illustrate how openings and
attachments were considered in the model.

Response:

A sample 'drawing of a finite element model to illustrate how openings and attachments
were considered in'he model 'is provided in Attachment A.
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Item 10.

Indicate the critical damping value used for the operating basis earthquake (OBE) .

Justification should be given if it is higher than 4% as specified in Regulatory
Guide 1.61.

Response:

The critical damping values specified for use in the analysis are as follows:

For OBE, 2% for uncracked walls and 4% for cracked reinforced walls.

For DBE, 2% for uncracked walls and 7% for cracked reinforced walls.

The largest damping'value available from the original't Lucie 1 floor response
spectra curves is 5%. These curves were conservatively used in lieu of 7% curves
for DBE analysis.

In those cases where the integrity of the wall could not be demonstrated using the
more conservative 5% curves, the applicable 7% curves were generated specifically
for this analysis and used in accordance with the aforementioned criteria.
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ABSTRACT

The literature survey presented collates most of the available

relevant information on the transverse or out-of-plane streng 4 of

masonry walls. 'The report discusses several of the test techniques
.', r )

.us " and su~rises the most significant availab3.e test results.

Fo~lations fo" predic"ing the capacity of walls subjected to tzans-

verse loads a e presen ed together with their co elation with
~ r

expezimen 'al results. Also included is a section relating test results

to pzesen" design p actices and code requirements.
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4. FOKMdmTZOHS TO PREDZCT 8- TMNSV:-RSE ST~>G<H OF MASONRY W~

4.1 Zn ~due 'on

The objec-ive of most experimen al research projects is to
validate or i@prove a theoretical model. Because of the complexities

associated wi 4 the non-homogeneity of masonry st«uctural me&ers,

accu=ate theoretical models are difficult to develop and in many cases

, ~

r I'

empirical o simplified «clat'onships have been developed in their
place. With respect to the transverse st"eng 4 of masonry walls,

~ ~

several diffe ent Neoretical approaches have been used. The most

exte".sive wo k has been pe~o~d by 'Yoke't a'. ' who evaluated(6 i 30 i 31)

the theoret'cal capacity o unreinforced walls in a marner similar to
that fcr concrete coluws. Lw a correla. 'cn o the experimental results

with their theory, inclusion of the sle:.depress effec of the wallst

p oduced reascnable agreement.

(27) . (25)Both Scr'vener and Dickey worked with rein orced masonry

walls;. thev used fo~la ions similar to hase used fo reinforced

concrete bea=s and obtained reasonable correlat'on with experiments-

Cajdert and Losbe~ and Haseltine and Hodgk'nson used an analogy
(41) (42)

with the yield line theory for reinforced concrete slabs and perfo~d

I
I

ll
I;

tests on both reinforced and unreinforced walls with several different
(43)boundary conditions. Bake used another method commonly used for

reinforced concrete slabs; that of. assuming the strength of a wall is

given by the strength of two independent strips spanning in either

direction. Baker performed exreriments with one-third scale model

panels simply supported on all edges.

Each of the above formulations and its correlation with experiments

are described in the following sections.

3A-3
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4.2 Cross-Sectional Capac'ty of Unreinforced Mails

The moment capacity of a cross sect,'on o a wall is not only a

funct'on of the tensile and co pre'ssive strengths of the mason=y but

also of the vertical load acting on the c oss section. If the flexural,
s)

~ ~

tensile and comp essive strengths and the stress-strain properties of
P

the ™msonry are kno-w, an interaction curve between ve~zcal load and

mament can be d awn.

Yokel et al. show typical stress-strain cps for three

different types of mason~,see Fig. 4.1 In order to simplify the

analysis, a linear st ess-strain relationship is assumed as shot)n by

the dashed line in Fig. 4.1. Instead of this basic ass~tion,

He~% it suggested that a s ress-strain relationship more like that(32)

I

I

~ ~ ll,
~ ~

~ )

yr
':: If

I

I
I

I ~

l ~

I

'i." It

of concrete would give bette agreemen with e>~riantal data.

II If 't is assumd tha a pla.e section of the wall remains plane

~n lexu e ~ and tha" a linea s ess-st a'z e'ationship as shown in

Fig. 4.1 is a va'id approxi=z 'on 'for meso".g up to the point o" failu e,

~ )

'I

; then the stress d's ibution at fa'lure wve a c oss section under an

eccentric vertical load can be determined as shown in Fig. 4.2. Figu e

, 4.2(a) shows the stress distribution at failure under axial loading.

In Fig.. 4.2(b), the load eccentricity is increased to a point where,

at failure, the section develops its flexural tensi)e strength at one

wall face and its flexural compressive st"ength at the other wall face.

Ef the load eccentric'ty is increased further, the st ess distribution

at failure will be associated with a cracked section as shown in

l ~

) ~

l)
~ ~

~) I.
I~

I

~C

Pie.. 4.2(c) . Finally, Fig. 4.2(d) shows the stress distribution at

failure for pure flexure, when no resultant vertical load acts on the

cross section. In this last case, the capacity depends entirely on.

the flexure tensile strength of the masonry.

~ ~ )'

~
I~
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Figurc 4.3 shows an interaction curve for a solid rec angular

section. The interaction curve is based on the assumption tha flexural

co=.oressive strength equals the ccmressive strength under axial com-

pression (f' a f', or a ~ 1) . Typical s ress distributions, .associated

vith dif erent portions of the curve, are shown in tho figure and also

the equations o these cuwes a e shown. Furker deta'ls of these

inte act'on curves are discussed by Yokel and Dik3cers
(30)

4.3 Slenderness E ects Of Unreinforced Walls

The effec s of slenderness on the @anent capacity of walls are

shown in Figs. 4.4 and 4.5. Figure 4.4 shows the free body of the

upper half o a deflected wall unde axia'nd transverse loads.
The'ffec

've zmzant at any po'-.t along the he'ght o th's vali will be

dete~ed by the location cf the line of ac-'cn o the vertical force,

relative to 5e loca ion of the def'ecte" cene,e 1'ne o de wall.

'c"re 4»5 shows a wall vh'ch is free .to ro"ate a" i s upper and lower

ends and 's subjected to.an eccen""ic vert'cal load which has a thrust
r

line parallel to the axis of the wall. The m"ment acting on this wall

Ig
I

I"
I)
~ I

is P e at the upper and lower encs of the vali. At midheight, the

moment is equal to P(e + 6). Thus the deflection o the slender wall

causes a moment magnification equal to Ph. The moment magnification

can be predicted approximately as

~ 1

) ~

'I
I

I
gl
~,

P(e+ b) ~ Pe
1

p
1 -—

P cr

(4.1)
Vi

where P ~ Tf ET/h (Euler load)2 2

cr
E ~ modulus of elasticity
I ~ smnent of inertia of cross section

h ~ total height of vali.
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\
N>e oorAi ion shown in Fig. 4.5 is not likely to occur in an

actual building. A more realistic case is shown in Fig. 4.6 which

shows an eccentrical'y loaded walL which is more or less fixed at 'ts
base and more or Less free to rotate at the top. Zn this case the

„-ament is not magnif'ed as much as m Fig. 4.5, and if the wall is

very stif the mo= nt my not be magnified at all.
An approximate prediction of moment magni ication for any com-

(6,31,33)bination of end eccen -icities and end fix'ies is given by

C
M~M

o P1-—
.P cw

(4.2)

where M ~ maximum moment acting cn the wa11,

M ~ max'mum moment imposec by ex=e ..a.l cree.o

(:o an'ccentric vertical 2oac M ~ P e and
o

fo a transverse load H ~
<

).o

C ~ 0.6 + 0.4 8+/M > 0.4,'1 2—

where M ~ the smaller end moment acti..g on the wall
1

M ~ the g eater end n~ment acting on the wall
2

P ~ w EZ/(kh) critical load2 2
cr .

k ~ length coefficient by which height is adjusted to
equivalent height as shown in Fig. 4.7.

Zn Eq. (4.2), C is ecual to sero for the case shown in Fig. 4.5

and for the case of transverse loading.
l

Zn order to estimate the value of the critical load P in

(4.2), the flexural wall stiffness EZ is also important. Yokel

et al. in a study of vertically loaded un einforced and rexnforced(31)

3A-9
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~ ~

concrete masonry walls suggested t}m fol?owing expressions to

appro~~te to EZ:

. EZ. ~ E. Z /2.5 (reinforced masonry)i n (4. 3)

EZ ~ E.Z /3.5 (unreinforced masonry)in (4.4)

where E. ~ initial tangent modulus of elasticity"
Z ~ moment of inertia of uncracked ne section.n

For transve se loading coDined with a vertical load for b ick walls,

Yokel proposed that(6)

EZ ~ E.Z '0.2 + —) < 0.7 E.ZPin P — 'n'
where P ~ short wall axial load capacity dete~aed on the basis ofo pri'sm streng&.

4.4 Cor elation Between Theory Lad ~r~wnts For Unreinforced Wa13.s

F'gure 4.8 shows an exa=ple of co rela 'on of theory developed

fiom Sec ions 4.2 and 4.3 with the combined vertical and transverse

load tests on 4 inch b ick walls wi 4 type N mor ar conducted by Yokel

et al.. The test resul s are shown by solid c:rcles and heavy(6)

horizontal lines. The lef ends of these heavy lines represent the

maximum moment caused by transverse load. The length of the ho izontal

line itself represents the added moment, equal to the product of the
I

vertical load and the wall def-lection at the point of maximum moment.

(mid-height) . The magnitude of this added moment was computed using

the horizontal deflections, measured at the time of wall failure-

The solid curve in Fig. 4.8 is the calculated cross-sectional

capacity which is shown in Fig. 4.3 and-should be compared with the
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right end of the hori"on al line. The broken curve represents the

„'t

~ I

va13. capacity, co~uted by reducing the cross sec 'onal capacity for

slenderness effect in accordance vith the «theory discussed in Section

4.2. This reduced curve coz esponds to the left ends o the horizontal

solid lines. The intersection of the broken curve vith the ver ical
'load axis corresponds to the "wo solid circles on the load axis, which

show the test resu3.ts unde vertical load vithout t ansve se load.

Vote that the theoretical cu~es closely predict the ac ual magn'ude,

as we3.3. as the trend of the test results. Slenderness effec s are

considerable in this case and their magnitude is well predicted by

theory.
I

Simi3.a comparisons are shown in Fig. 4.9 for 4 inch brick va3.1s

with high-bond'orta , and in Figs. 4.10 a".d 4.11 or 8 inch hollow

4 'nch brick walls with hick-bond («ortar show fair agreement between

thecre 'ca'a ~es and test results, vhereas the 8 inch hollow concrete

va'ls show'that the theoretical sho~-eall in«e action cu~s (solid.

curves in Pigs, 4.10 and 4.11) unde estimate the wall strength for all
r I

The reduced interaction curves (broken curves) predict m(mentpanels.

capacities equal to or smaller than the observed reduced capacity

Figure 4.12 also compares the observed transverse strength of

the valls w'th the theoretical interaction curves for 8 inch solid

concrete block walls vith type N mortar. All panels except one exceed

the reduced moment capacity (dashed gine) predicted on the. basis of.

the axial prism test.

In the case of cavity walls or composite valls, theoretical

block va3,ls vith ype H mrtar and high-Lcn" zc ar, respec ively. The

~
p

I

~ ~

(

i: '(i(

o

I~,

i'i

I
~I

C

interaction curves are somewh'at different from those of single vythe
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walls, but sim'la ccmparisons
(6)tests of 4-2-4 in. concrete

87

c'n be developed. The results o

block cavitv walls are plotted in Fig.

0 l

'1
I

/
l
I

4.13 togethbr with inte action curves computed on the basis of pr'sm

test. The assu~ ion was made that each wythe takes one half the
~ l
'1

ver"'cal lead and one half the moment. P was compu ed on the basis
o

~ 1

of the averag s rc.".g '1 obt~ed from prism tes s on the 4 inch hollow

bloc'. Noments we o computed conservatively, assming that partial

top-end fix'ty existed a".d this produced about one half the pin-ended

moment, see Fig. 4.13(a) . The analytical curve fo" sec ion capacity

reflec s the tests easonably well. lt can be seen from the magn'tude

of the observed added moments which are due to deflection at failure

'I
.'t„'h
~rl

f tI
~

I> "t

".l'length

of the horizcntal so''d line),'ha- slenderness effects are. an

iso ant acto" in this wall system.

The pred'tion o wa' capac' fo brick-blc ck cav'y walls is

mere Ci fiCu1t a".d COmpl'Cated beCauSe Of th wO d'f eren material

prcpe 'es a ." assoc'ated load trans e" mech n'sm. Details of these

(6)prec' icn o=. lae are g"en by Yokel e" al. , whose inal results

a e shown in Fig. 4.14. Figure 4.14 shows that up to P ~ 100 kip, the

; mo~t capacity is con" oiled by the brick. In this range the computed

reduced mo~nt capacity (dashed line) agrees well with the test. The

total moment capacity, which is shown by the solid line is somewhat

less than observed capacity (right ends of the solid horizontal lines)

and consecuently the magnitude of the measu ed slenderness effect is

larger than that of the computed effect.. Above an axial load of 100

kips the computed strength underestimates observed wall strength

considerably. In this range it is thought that strength is controlled

by the concrete block which forms the back face with respect to the

transverse load,

~ y
~ ~

3A-17





'okel et al. s-' -prized tlieir extensive investi<lations with I)e

ollow'ng conclusions:

(l) T'ansverse strength of masonry walls is rcasonab)y predicted

by evaluating the cross-sectional capac'ty and reducincg that canacit,

to account for the added moment caused by wall deflection. Thc gene al

trend of the test results is in good agreement with theory, and thc,,

magnitude of indiv'dua'est results is conservatively predicted.

(2) Cross-sectional momen capaci y of wall panels was con-
r

serva ively pred'cted by a theoretical interac 'on curve which was

based on compressive prism strength and linear strain grad'ents.

(3) Slenderness 'effects, computed by the moment magnifie method

as modified to acco"n for section c acking, predicted closely the

s'enderness effects obse~ed in the 4 inch th'cl'rick walls, anti

reasonably prqdicted hese ef fects or concrete masonry walls, concrete

block cavi y walls, br'c:: ann ock a;-'ty walls.-

(4) The qualitative obse~ation was made that with large

.-e;.:ric'ties he flexural co-., essive strung=h of ma onry cxcec:ds
r

he co-,"ressive s rength develop d in pure one-dimensional compression

by a significant margin, and that flexural compressive strength

increases with increasing strain gradients.

(5) The tr nsverse strength of cavity walls was conservz ively

p 'edit ed by assuming that each wythe carries i"s propcrtional share 'of

vert'cal loads and moments, and that transverse loads, but not shear
A

:or es parallel to the plane of the wall, are transmitted by tho ties.

(6) The transvers. strength-of composite brick anc3 bloc): walls

was approximately predi.c ed by assuming that the wa)'s act mono'ithically

(7) Whenever walls did not fail by stability-induced compression

failure, their axial compressive strengths werc'. rca.;c>n ih)y proc)i c<«d by
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)',I p" s tests. Zn the case of concrete masonry with high-bond mo tar,

P
\

con =essive tests with pris~ capped with high strength plas ez over-

est'mated wall s-"ength, while prisms set on fibe board showed good

cozrelat'on wi h wall stzeng N.

(8) Zlexuzal tensile strength of all the wall panels tested

equaled or exceeded l/2 of the flexu al strength as dete -ined by prism
~ ~

tests.

4.5 Flexural Capac'ty Of Reinfo ced Masonry Walls
(27)Sc ivener . suggested that a reinforced brick wall could be

cons'dered as a lightly zein ozced wide bea , with the-. brick weak in
tension si='laz to ccncre e. The yield load (ultimate load) can be

predic ed o wi ~is a few p =cent by considering Ne section in this

way anc applying ultimate ="=ant theory (as fcz zeinfo ced concrete) .

s ress s ain curve fo" b ick is ass —..ed o be Ie same as that

cc.J -e

can be usec.

so that the concrete ccnstant 0.59 'n the Wh'tney equation

The ultimate raiment M isu

M «A f (d-0.59A f/f'b)u s y s "y c (4.5)

where A « cross-sectional area of steels

' «yield stzess of:steel
Y

d «depth to center of gzavity of steel

b «beam width

f'brick crushing strength.c

A compazi. on between the theoretical ultimate loads calculated

by Eq. 4.5 and the transverse load tests per ormed by Scrivener are

discussed in Section 3.4 and are shown in Table 3.12.
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