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FLORIDA POWER & LIGHT COMPANY

October 4, 1982
L-82-428

‘ . P. 0. BOX 14000, JUNO BEACH, FL 33408

A

O0ffice of Nuclear Reactor Regulation

Attention: Mr. Robert A. Clark, Chief
Operating Reactors Branch #3
Division of Licensing

U.S. Nuclear Regulatory Commission .

Washington, D.C. 20555

Dear Mr. Clark:

Re: St. Lucie Unit 1
Docket No. 50-335
IE "Bulletin 80-11
Additional Information

We have reviewed your letter dated August 5, 1982, which requested additional
. information concerning our response to IE Bu]]et1n 80- 11 (Masonry HWalil
Design). Our response is attached. .

Should you or your staff have any further questions on this subject, please
Very truly yours,
Robert E. Uhrig

contact us.
22 gfg (
Vice President

‘Advanced Systems & Techno]ogy

REU/PLP/mbd

Attachment

cc: Harold F. Reis, Esquire
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for allowable shear and tension of collar joints.

"Response:

. ST LUCIE PLANT - UNIT 1
IE BULLETIN 80-11: -MASONRY WALLS
NRC REQUEST FOR ADDITIONAL INFORMATION

Item 1.

Indlcate the number of walls of the stack bond type and provide a sample calculatlon
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

%

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 thh particular emphasis on the following: boundary
conditions, type of loads, sizes of walls, and type of masonry constructlon {block
type, grouted, or ungrouted) )
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G Response: . .

Based on the' tests performed in the National Concrete Masonry Association (NCMR) ,
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 Yymo = 2.50 (where mo = 1800 psi). For grouted
units, the average modulus of rupture averaged 157 951 (Table 2, Attach B) from
the tests by NCMA. The test values for 12" nominal thickness walls wefe 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 1l 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 jo;nt
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.

Sinice the wall is analyzed statically once xts earthquake coefficients are obtained,
the allowable tensmon normal to bed joint from the tests is applicable to the masonxy

walls at the plant.

*

Item 5.

a

9.

a. In Reference 2, the Licensee indicated that "yield-line theory", "plastic design",

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 N
~Wall s;zes .
-amount and distribution of gginforcement,

»

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.






Provide a sample calculation illustrating.how stresses and displacement

c.
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. -’

" bound of the wall capability and its corresponding displacements. References

on the use of "yield-line théory” 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 originally assumed fixed at the bottom and simply ‘
supported at the top. The resulting stresses are all within allowables ace
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 0.9 f£y. Then, a calculation was made to obtain the
displacement of. the wall assuming plastic hinges foxrmed 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’
judged to 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.

The number of walls which were qualified by "yield-~line theory with plastic design"
is 3 (i.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
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The resulting stresses and displacements for walls qualified by arching
analysis are:

Wall No. Axial Compression Shear Displacement
116 A 0.021 Ksi . 0.033 Ksi 0.045 in
* . 162 A 0.113 ° 0,026 .. ©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.

"
- L

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

1
|
Response: ' ‘ . . 1
Item 7.
The Licensee reported that one of the walls missihg top supporting angles was in- |
. accessible during normal plant operation, and that it would be repaired during the
1981 refueling outage. 1Indicate the current status of this wall, as well as the
status of modifications of the other walls.

s
<

Response: ¢

. 9.
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.

|

l

|

|

|
Prov;de a sample calculatlon illustrating how stresses were calculated for a multi- i
wythe wall ‘ < 1
|

|

|

|

|

|

Response:
'-“ \

A sample calculation illustrating How stresses were calculated for a multx—wythe
wall is provided ln Attachment E. :

Item 9.

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

A sample*drawing of a finite element model to illustrate how opeﬁings and attachments
were considered in’the model 'is provided in Attachment A.

Ld
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0 Item 10. A ” ' , .

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:

ks

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 avallable from the original' St 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.

~ ' Q.
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TABLE |

Mortar Type

Proporticn Modules of Rupture
ASTM C 270 psi, Net Area Reference
ot 110 10
H . 108 NCMA
M 102 10
Y S7 10
: . QA
; E e o
. M 51 NOMA
Y _Eo NCMA
N : 88 4
S 84 10
S 83 10K
S 81° 10
3 . 15 : NCMA
S €9 NCw
- N €7 4
N 62 4
.S 60 ,10
N 58 4
n 45 4
0 60 10
0 41 4
0 36 4
o} 36 4
0 °33 4
o} 32 4
- 0 30 10
0 27 4
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TABLE 2 FLEXURAL STREINGTH, VIRTICAL SPaN CONCRITE MASONRY VALLS
FROM TESTS AT WCMA LAECRATORY

Wall
' Modulus of Ruc:tuve
N ' let
Max. Net Mortor
LS Noainal - » Unifomn Section Gross | Beddec
Mortar Thickness Load .Mod.lus Area, | Area,
Type* in. ‘ psf. in 3/fc | ps:i | psi
Monowythe Walls of lollow Units
! g 85.15 80.97 61.74 | 88.73
¥ 8. " 87.10 .80.97 63.15 ! 90.76
M 8 91.00 80.97 65.97 ! 94 .82
M 8 103.35 80.97 74.93 | 107.89 .
s 8 62.40 80.97 L5.24 ! 69.47
S 8 72.15 §0.97 52.31 75.18
S 12 183.3 164 .64 57.11 93.94
S 12 161.2. © 164.64 50.22 | 82.62
Composite Valls of Concrete Brick & Holloy (o3¢
» |
S -. = 8 222.3 103.82 161.18] ¢ 180.67
s 8 219.7 103.82 | 159.297Ax7178.55, ;
S . 8 187.2 £ 78.16 135.72\157 202.09
s 8 225.8 103.82 | 165.83 £5.95 i
R 8 218.4 78.16 155.34, 235.77 |
3 8 223.6 78.16 | 162.11 241.38 !
s 12 171.6 139.83 53.46 103.55 !
S 12 - 150.8 139.83 46.985 91.00 |
-S 12 155.0 139.83 48.60 94 .14
s 12 213.2 139.83 66.42  128.65.
Cavity Walls
° -, . :
S, 10 - " 7'98.8 .50.36 158.62 165.55 !
s 10 "156.0 50.36 250.44" 261,38 §
S 10 88.4 .. 48.16 |- 141.91 154 .88 |
S 10 119.6 50.36 192.01 200.40 :
s 10 |, 1244 50.2 183.66 191.63 ,
s 10 g 109.2 | 48.16 175.30 361.32 °
S 12 (4-4=L) | 145.6 l S6.36. | 233.73, 243.95
S 12 (4=4=6) ! 145.6 ! 50.36 | 233.73 .  2%3.84 .
S 12(6-2-4) ! 135.2 77.80 | 127.35  -1%6.03 °
3 12(6-2-4) . . 119.6 77.89 112.68 329.76 |
— - : __J ) l .
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The literature survey presented collates mos:t of the available

relevant information on the transverse or out-of-plane strength of

masonry walls. " The report -discusses several of the test techniques
Lo

~use22 and surmarizes the most signifi t available test results.

»

Aalican

.

Formulations for redicéing the capacity of walls subjected to trans-

- P

verse loads are presentad together with their correlation with

v .

experimental results. Also included is a.section relating test results

to present design practices and code requirements.
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4.1 Introduction

The objective of most experimental research projects is to
validate or irorove a theoretical model. Because of the corplexities

associated with the non-hozmogeneity of masonry structural members,

accurate theoretical models arxe difficult to develop and in many cases
empirical or- simplified relationships have been developed in their .
place. With respect to the transverse strength of masonry walls,

several different theoretical approaches have been used. The most

(6,30,31)

extensive work has been performed by Yokel et al. who evaluated

" the theozetical capacity of unreinforced walls in a manner similar to

"that for concrete colums. In a correlatica of the experimental results

. with their theory, inclusiecn of the slendermess effect of the walls
| i .

0 -« produced reascnable agreement. :

(27) (25) ___,

th Scrivener and Dickey xed with reinforced masonry

. walls; they used form:lations similar to those used for reinforced

. A ’

< concrete beams and obtained reasonable correlation with experiments.

Cajdert and Losbe;g(dl) (42)

with the yield lipe theory for reinforced concrete slabs and performed

and Haseltine and Hodgkinson used an analogy

tests on doth reinforced and unreinforced walls with several different

(43)

boundary conditions. Baker used another method commonly used for

reinforced concrete slabs; that of, assuming the strength of a wall is
given by the strength of two in;;pendent strips spanning in eitherx
di;ection. Baker perfo;med exreriments with one-third scale model
panels simply supported on all edges.

Each of the above formulations and its correlation with experiments

l »
0 are described in the following sections.

“3p-3
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FIG.

STRESS (PS1).

NOTE: ¢ =
fi = flexural tensile strength of masonry
£5 = compressive strength of masonry- '~
a = flexural compressive strength coefficient )
4.2 STRESS DISTRIBUTION AT FAILURE UNDER VARIOUS VERTICAL-LOAD

A ~ :
,/117. rooo
BRICK WITH TYPE. N MORTAR

6000 — BgRICK WITH
HIGH BOND MORTAR

4000 —

2000 —

8~-IN HOLLOW BLOCK,
TYPE N MORTAR

I l

o) 0.00! 0.002
STRAIN

°

FIG. 4.1 S&RESS—STRAIN PROPERTIES OF MASONRY

(d) l“‘Tf“"’ijL

it
S AT

wall thickness

AND MOMENT COMBINATIONS

rom Reference (4)
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. then the stress distridution at failure oveér a cross section under an i

. 4.2(a) shows the stress distribution at failure under axial loccing. i

If the load eccentricity is increased further, the stress distribution

4.2 Cross-Sectional Capacity of-Unreinforced Walls

The moment capacity o{ a cross section of a wall is not only a
finction of the tensile and corpressive strengths of the mason:y but
also of the vertical load acting on the cross section. If the flexural,- “

tensile and compressive strengths and the stress-strain properties of . !

»

the mascary.are known, an interaction curve between vertical load and i

moment can be dédrawn.

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

[y
=’ es aw =
l wrm et owen s
H

different typec of-ma%on:y,see Fig. ;.1- In order to simplify the
analysis, a linear stress-strain relationship is assumed as shown by ,
che dashed line in Fig. 4.). Instead of thislbasic assux;tioﬁ, "
Meinhcit(sz) suggested that a stress-strain relationship more like that " , ';

of concrete would give better agreement with exparizental data.

1f it is assumed that a plane sectzow of the wall remains plane . i

in flexure, 2né that a linear st:ess-strain relatisashiz as shown in
Pig. 4.1 is a valid apprexization ‘for -’scn:y tp to the peint of failure, . S

eccentric vertical load can be dctermined as shown in Fig. 4.2. Figure e

In P;g. 4.2(b), the load eccentrzc;ty is increased to a po;nt where,

at fazlure, the section develops its flexural tenszle strength at one

IR
I R e
AN}

it i

amweon s
23 Pae laaarenaand

wall face and its flexural compressive strength at the other wall face. °

am—s
T

pY}

at fazlure will be assoc;ated wzth a cracked section as shcwn *in

“e o o swe u
R Ty S U

Pic. 4.2(c). rznally, FPig. 4.2(d) shows the stress d;strzbutzon at
failure for pure flexure, when no resultant vertical load acts on the °

cross section. In this last case, the capacity depends entirely on- .8

Y . 3

the flexure tensile strengtﬂ of the masonry. 3
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NOTE: Pg

Mk
.t

b

S

itoa-n

™

. PPy

axial load capacity Py = f bt
moment capacity My = P t/12 which corrcsponded to the stress distrxbu*ion irn riq.
thickness of wall

width of wall
ratio of tensile strength to axial compressive strength of masonry (f{/fg)

k]

s FIG. 4.3 CROSS SECTIONAL CI\PI\CI'I'Y OF RECTANGULAR PRISMATIC SECTIG

WHEN £t = 0.1fp AND afp = £ (a=1)

From Reference (4)

4.2(h)
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Flgure 4.3 zhows an inte;pction curve for a solid rectangular

section. The interaction curve is based on the assurption that flexural -

coxzpressive strength equals the ccrmpressive strength under axial com-

pressicn (f; = 3 f;, or a = 1). Typical stress distributions, associated

with different portions of the curve, are shown in the figure and also

the equations of these cuxves are shown. HRurther details of these

(30)

interaction curves ara discussed by Yokel and Dikkers

4.3 Slenderness Effects Of Onrainforced Walls .

. 4
.

The effects of slenderness on the-monent capacity of walls are
shown 15 Figs. 4.4 and 4.5. Pigure 4.4 shows the free body of the
upper half of a deflected wall under axial and tr;nsverse loads. The’
effective moment at any point aleng the haight of this wall will be

determined by the location ¢f the line of acticn of the vertical fozxce,

relz=ive to +ha2 lozation of the deflected centerline of the wall.

Ticure 4.5 shows a wall which is free to rotate at its upper and lower

ends and is subjected to.an eccentric vertical load vwhich has a thrust

e

line parallél to the axis of the wall. The moment acting on this wall

is P e at the upper and lower encds of the wail. At micdheight, the
moment is equael to P(e + A). Thus the deflection of the slender wall

causes a moment magnificaticn egual to PA. The moment magnification

can be predicted approximately as

ol ‘
g P
l = = .
cr R

[

Ple + A) = Pe_ (4.2)

ﬂz EI/h2 (Eﬁler load)

modulus of elasticity

where P
cx

H
u

momant of inextia of cross section
total height of wall.

e
|
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FIG. 4.4 SLENDERNESS EFFECTS ON EQUfL.IBRIL'M
. Ff'om Refercnce (30) -
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FIG. 4.5 SLENDERNESS® EFFECT
From Refcrence (30)
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The concdition shown in Fig. 4.5 i8 not likeiy to occuxr in an

~

actual building. A more realistic case is shown in Fig. 4.6 which
shows an eccentrically loaded wall which is more or less fixed at its
base and rore oOr less free to rotate at the top. In this case the

zoment is not magnified as much as in Fig. 4.5, and if the wall is .

»

very stiff the moment m2y not be magnified at all.

An approximate prediction of moment magnification for any com-

bination cf end eccentricities and end fixities is given by(6'3;'33) .

¥

. cm
M=NM - (4.2)

t : 3
where M = maximul moment acting en the wall,

MO = maximum monent imposed by external ferce.

(For an' eccentric vesztical loac xo = 2 e and
L o 2
) for a transverse load Ho = _§_ ).

C, = 0.6 + 0.4 1,/M, > 0.4,

L4 . Pl

where M. = the sxzaller end moment acting on the wall

1
Hz = the greater end moment acting on the wall’
o ™ 7 EI/(kh)2 critical load

kX = length coefficient by which height is adjusted to
equivalent height as shown in Fig. 4.7.

In Eq; (4.2), Cm is equal to zero for the case shown in Fig. 4.5

and for the case of transverse loading.

. « e S

In ordeir to estimate the value of the critical load Pcr in

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

(31)

et al. in a study of vertically loaded unreinforced and reinferced

- . 3a-9
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» FIG.

Mg
p . TPEL 1
cr (kh)a ,
3
A
4.6 FTFECT OF END CONDITIONS

Froo Reference (30)

]
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I

5" h=96"

-

EYTIIRTRNRN:

(o) PINNED END
M, = 1/8W(82.5)7

FIG.

Mo M2
(b) FIXED END (¢ ) PARTIAL FIXITY
M, = 0.60M, M, = 0.68 M,
. M,=0.86 M, Mz =0.68M,,
() (B) (e} - Y
4\ -] ¢- @
- - M' Mz Mo
P or Mz

Mo
Cm=06+04—=0.4

(8)

MmOl >

4.7 INFLUENCE OF END CONDITIONS

From Refcrence (30)
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concrete masonry walls suggested the following expressious to

approximate to EI:

LEI = EiIn/Z.S (reinforced masonry) ‘ (4.3)

m

EI = EiIn/3‘5 (unreinforced masonry) (4.4

where E, = initial tangent modulus of elasticity '

In = moment of inertia of uncracked net section.

For transverse loading co:bined.with a vertical load for brick walls,

(6)

Yokel proposéd that

EI = E.I (0.2 + =) < 0.7 E.T ,
an Po —_ iAn

where P = short wall axial lcad cazazity determined on the basis of
prism strength. ‘

4.4 Correlation Between Theory And Experiments For Unreinforced Walls

" Figure 4.8 shows an exa=zle of correlation of theory develcpad

s .

~£rom Secticons 4.2 and 4.3 with the corbined vertical and transverse

load tests on 4 inch brick walls with type N mortar conducted by Yokel

et al.(s). The test results are spcwn‘by solid circles and heavy

.

harizontal iines. The left ends of these heavy lines represent the

maximum moment caused by transverse load. The length of the horizontal
line itsélf fepresents the added moment, equal to the product of th;
vertical load ané the wall deflection at the point of maximum moment
(mid-height). The magnitude.of this E;ded moment was corpited ﬁsing
the'hori:ontal daflections, 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

) 3A~-11
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COMPUTED INTERACTION CURVE
1000 — FOR CROSS SECTIONAL CAPACITY
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FIG. 4.9 4-IN BRICX WALLS WITH HIGH BOND MORTAR UNDER VERTICAL AND
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From Reference (26)
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right end of the horizontal line. The broken curve represents the
wall capacity, computed bé redu;ing the cross sectional capacity for
slenderness effect in acco:dahce with the theory discussed in Sectiocn
4.2. This reduced curve corresponds to the left ;nds_of the horizontal
solid lines. The intersection of the broken curve with the verticai
‘lpad axis corresponds to the two solid cixcles on the load axis, which
show the test results(under vertical load ;ithout trans;e:se load.

Note thét the'theoretical curves closeiy predict the actual magnitude,

as well as the trend of the test results. Slenderness effects are

considerable in this case and their magnitudé is well predicted by

it

‘ Similar comparisons arze shown in Fig. 4.9 for 4 inch brick walls
with high-bond mortar, and in Figs. 4.10 and 4.11 for 8 inch hélléw
bleock walls with type N morter and high-bend portar, respectively. The
'4 inch-b:i:k walls with high-bond ﬁo::a:.shcw fair agreement between
thecreticél curves and test results, whé:eas the 8 inch hollow concrete
walls .show' that the theoretical short-wall interaction curves (solié
curves in Pigs, 4.10 and 4.11) underestimate the wall strength'for 21
panels. The redu;ed interaction.curves (b;oken curves) predict moment
capac;;ies.equal to cr smaller than the cbserved reduced capacity

. Figure 4.12 also comééres the observed transverse strength of
the walls with the theoretical interaction curves for 8 inch solid
concrete block walls with type N mortar. All panels except one exceed
the reducéd moment capacity (dashed line)} predicted on thg:pgsés of.

the axial prism test.

In the case of cavity walls or composite walls, theoretical

interaction curves are somewhat different from those of single wythe
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- mozent capacity is controlled by the brick. In this range the co:éuted

precdicticn form:lae are given by Yokel et al.

4.13 togethbr with interaction curves computed on the basis of prism
tests. The assuzption was made that each wythe takes one half the
vertical lcad and one half the moment. Po was corouted on the basis

of "the average strongth cbtained from prism tests on the 4 inch hollow

* block. Moﬁents_were computed conservatively, assuming that partial

top-end £ixity existed and this produced about ocne half the pin-ended
roment, see Fig. 4.13(a). The analytical curve for section capacity

reflects the tests reasonably well. It can be seen fxrom the magnitude.

of the observed added moments which are duve to deflection at failure .
{lenzth of the horizcntal solid line), that slenderness effects are.an

important factor in this wall 'systen. -

The prediction of wall capacity for crick-block cavity walls is

more difficule and comslicated because of the two different material

prcperties and associated load transfer mechanism. Details of these |

(6), whose final results

are shown in Fig. 4.14. Figure 4.14 shows that up to P = 100 kip, the

recuced moment capacity (dashed line) agrees well with the test. The

-’

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

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

& » - ..

and consequently the magnitude of the measured slendermess effect is
larqer t£an that of the computed effect.. Above an axial 1058"55 100
kips the computed strength underestimates observed wall'strength
considerably. In this range it is thought tha; strength is controlled
by the concrete block which forms the back face with respect to the - ’

transverse load, - .

Ll
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walls, but similar ccoparisons can be developed. The results of

(6) LN . , »
tests of 4-2-4 in. concrete block cavity walls are plotted in Fig.
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s " Yokel et al. summarized their extensive investigations with the

* -

following conclusions: :

(1) Tfansverse strength of masonry walls is rcasonably predicie

[63)

by evaluating the cross-sectional capacity and reducing that capacity

_to account for the added moment caused by wall deflection. The gencral

A

trend of the test results is in good agreement with theor&, and thc}.

magnitude of individual test results is conservatively predicted.

. . .

{(2) Cross-sectional moment capacity of wall panels was con-

servatively predicted by a .theoretical interaction curve which was

based on compressive prism strength and linear strain gradiencs.

(3) Slendérness:effects, computed by the moment magnifier method

.

¢ o

2s mocdified to account for section cracking, predicted closely the
slenderness effects observed in the 4 inch thick brick walls, angd

reasonzrtly predicta2d these effects for concrete masonry walls, concrete
2lock cavity walls, znd brick and Elock cavity walls.

.

n

(s) The qualitative observztion was made that with large

® -

ricities the flexural compressive strength of masonry cxceeds

4
the compressive strength developsd in pure one-dimensional compression

by a significant margin, and 'that flexural compressive strength
increases with increasing.strain gradients.

(5) The transverse strength of cavity walls was conservatively

orediczed by assuming that each wythe carries its propcrtional share 'of

B
won

vertizal loads and moments, and that transverse loads, but not shear .

1w e X

Sorces parallel to the plane of the wall, are transmitted by the ties. -

-

an -

(6; The transversn strength-of composite brick and block walls
was approximatcly predic:ied by assuming that the walls act monolithically.

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

failure, their axiol compressive strengths waere rceasonably predicted dy

“
.
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prisx tests. In the case of concrete masenry with high-bond mortar,
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compressive tests with prisms capped with high strength plaster over-

estimated wall strength, while prisms set on fiberboard showed good
t correlation with wall strength.

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

.

equaled or exceeded 1/2 of the flexural strength as detexrmined by prism

tests.
4.5 Flexural Capacity Of Reinforced Masonry Walls
(27)

Scrivener sugcested that a reinforced brick wall could be

considered as a lightly reinforced wicde beam, with the brick weak in

tension similar to concrete. The yield lcad (ultimate load) can be

——

predicted to within a few percent by considering the section in this

=y g

way anc 2pplying ultimate moment theory (as for reinforced concrete).
- The stress strain curve for brick is assimad o be the same as that
- s - .
0 for cocncreze so that the concrete censtant 0.52 in the Whitney equation

can be used. The uvltimate moment M, is

r

~ ' - - f ' ) . Y
o A H =& fy (@ - 0.59 As y/fc b) (4.5)
where As = cross-secticnal area of steel
'fy = yield stress of:steel
d = depth to center of gravity of steel
T . b = beam width -
K . . fé = brick crushing strength. h . .

>

A comparison between the theoretical ultimate loads calculated

by Eg. 4.5 and the transverse load tests performed by Scrivener are

»

‘ 0 discussed in Section 3.4 and are shown in Table 3.12.

.
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