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L» PBQBLF'i STAT 'IT

Joint reinforcement has been used as a st"uctural eLement to aualify
unreinforced block masonry veils in nuclear paver plants. Joint reinforcement
is commonly used or c ack controL and to provide continuity or mult'pie
vythe veils [10< L4).

The st=ucturaL significance (resisting of tensile stresses) of joint
reinforcement in masonry v~~ is not well established. %is is particMrly
true for unreinforced hollow block masonry vaLLs under cycLic dynamic

'oading. The following tvo sections summarire test data and building code

requirements for joint ce~orcement in an attempt to evaLuate its s""ucturaL

signi icance»

2 VALGATXON OP TM~T DATA

Dere are few test programs documented in the Literature addressing -"e

unc 'on of joint reldorcement embedded in «the mortar joints of mason=g

vaILs . Table 1, summari"es the different test data of joint rein orced valls
having material properties and consr"uct'on details similar to block vaLLs

nuclear power plants Ne available data are Limi«ted to statw, normaL 'oads

applied to hori"ontally spanning vaLL segments. Analysis of «the test data

present d in Me table revealed «Jxe following conclusions:

1. Joint reinforcement did not af ect the cracking load. Uncracked vali
stiffness of unrehdorced veils vas similar to that o veils vith
3oltlt reR1Corcement»

2. The cont=ibution of joint reinforcement in the Load car (ing capac'
ranges f"om -10% to 3008 indicating the sensitivity to variation in
materiaL properties and const"uction details.

3. We sinqle test data (2] available under cycLic Loads shoved a 33'4

sr"ength reduction on the first haLf cycle. This '~dicates the
possibLe st"enqth degradation under earth~cake Loads.

4. The deflection at ultimate Loads of reinforced valls vas, in some
cases, much higher than that or unreinfor ed vaLLs vhich e~Mit d a
brittle cleavage failure.

S. We statist'cal significance of the fev samples tested
questionable and does not provide con idence 'n the availaole =est
esults»
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3 ~ BEVX-rf OP CODE PRCVZSZOHS

Table 2 presents the di erent c'ode design provisions concerning "he role
of joint reinforcement in masonry walls. As can be noted from Table 2, Nese
codes are rarely specific about the usefulness of joint re'worcement and its
function as a st"uctural element to carry lateral 1oads. The codes, however,
aller the ate ae carat rain!araeaeat as ptr"- ah the reqerseh striate
reiatararaeat ta reiafaraed aesaarp aaast-.aar.'aa. Mis hrplies that the as'a
st"ucturaL function of joint reinforcement is to dist".ihute Ae load m the
cain vert'cal steel. Zt must be noted, ho~ever, that the codes, if Bey a1'ow
wire reinforcement to be used as princ'paL reinforcing steeL, specify that the
working s —ess design (HSD) .approach shouLd be foLlowed. Me WSD apprcach
assumes linear elastic mater'al properties and Limits the aLLowable steel
str ss to 30,000 psi

The new edition (1982) of the Uniform Bui&ing Code (UBC) aLLows the use
of joint reinforcement as principal hori"ontal steel to car g design s"-esses
(13). This 's, however, limited to re'nforced masonry waLls designed using
the WSD method.

The design provisions of most ccdes apply to masonry buildings under,
stat'c loads AT -3 [3] is the only code that specif'es ice s"='c ral use of
joint re'Morcement under earthquake loads in seismic areas. Xt does pe mit
the use of joint reinforcement to resis" tensile st"esses for seismic Cat~cry
A and 8 structures but states that it cannot be used as "5e principaL
reinforcement or Categories C and 0 st"uc ures, except as part of "".e min~m
re'Korcing requir emenrs.

4a DESZGiI OP MASONRf WALKS WZ 3 JOZeeT HEXNFORC.~.'IT

North American codes for reinforced masonry design assign allowable
f local c=mpressive stresses for masonry.and tensile st"esses or = p".fore'ng
sreel. ~ale 3 presents calculated allowable moments/ft of ~ZpicaL 8-in
hoLlow block walls which span hori=ontally based on the working stress
design Zt is assumed >4at the waLl is c=acked and anat steel carr'es aLL ='e
tension. he allowable moment (N, ) the unreiÃorced wall carriesrhU
hor'"ontaLly is calculated based on an aLLowable flexuraL s-"ess of 1."~la

(1'e
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Table 2. Code Design Provisions for Joint Beinforcement

Code Design Provisions

ACX f1] Section 6.7 "Poricontal joint reinforcement mv be
used in LNe wall to inc ease Ne tensile
resistance and as a means to resist
design tensile

st"esses.'ection

8.2 "We funct'on of joint reinforcement i-
to prevent the formation o excessively
large, unacceptab .e shr'nkage cracks in
masonry walls.

'SC

[12] Sec"ion 2418 "The minimum diamet r of reinforc ~ent
shall be 3/8 i.nch except "Sat joint
reinforc ment mav be considered as part
of tbe required min~m

reinforcement.'L

(15 j Section 3.10 "Approved wire reinforcment,. placed in
hori"ontal mortar joint, ~v be used as
par" of the recgzired reinforcement."

AC [3] 'Sec" ion 12.5.1 'JOINT BRXMFO~NT: Long i"ud'nal
masonry joint e'nforcement may be used
in reinforced grouted.masonry and
reinforced hollow uni.t masonry on'r to
ful~&~ minimum reinforcement rat.'os but
shall not be considered in the
determtion of «Ne st".ength of Ne
member ~

"

(6] Section 4.6.8. Rice remorcement m Qe mr a joints
mv be considered as required bor'"ontal
reinforcement.

Nore: No provisions are given in BS 5628 [4] or 4S (16] concerning tne use
of joint reinforcement

".ud Franklin Rese seh C ntes
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Table 3. Allowable Wments

Jo int
Reinfore ment

CalcuLated ALLowable

Moment, MAR, 15-in/ft (2)]

9 gage 8 in o.c.
16 in o.c.

4880
2440

1.42
0 71

8 gage 8 in o.c.
16 in o c

5820
2910

1 69
0.85

3/16' in o.c.
16 inoc.

7430
3720

2.16
1.08

f'm ~ 2000 psi, f> ~ 0.33 f'm, fs ~ 30 000 psi type 6-mortar
"rat'o of calculated moment of reinforced va 1 to unreinforced waLl'MAU ~

3436 15-in/ft) ~

The resuLts presented in able 3 show that the allovable moments for
mascnry walls spanning hor'"only deoend orhaarily on "le steel rat'o. I"
is 'nteresting ro note that joint reinforcem!nt at lower percentages does not
inc"ease the vali resistance

.he cont"ibution of joint reinforcement in the ult'ate <failure) lateral
load resis~ce of masonry walls was calcMted by Cajdert [5]. Se assumed a

linear bending st=ain vith a t" anguLar st"ess dis""'but'on in ""e corn-.cession

cne. The ultimate strength is assumed to be reached when, after yieL"'ng of
the tensile reinforcement, the ult~te masonry s"-ength, f', is reached-

Xt must be noted that the joint reinforcement is high tensile steel wieh a

yieLd s"-ess as high as 100 ~ 000 psi Ho published data are availabLe cn its
stress-st"ain behavior which is needed in ke ultimte load analysis.
Cajder"'s (5] aporoach of ult~te st ess design necessitates precluding any

bond failure to develop yielding of the joint reinforcement.

5~ CON LUSZONS AND .'KCOa RNUAT ONS

e st".uctural performance of joint reinforcement is not well established-
.he qualification of masonry waLLs in nucLear power plants which akes into
account tensile stength due to joint reinforcement is -test cnaole.
based on the ollowing arguments:

..". F. nxlin Rese reh Ceacer
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The available test data are scarce. Conf1'cting values have been
obtained conce ning the cont" ibut'on of joint reinforcement. Also/
the statisticaL significance of so few samples of such a variable
material is questionable.

20 All the tests were per ormed under static loading which cannot be
evt"apolated to predict the performance under earthquake loads, wh'ch
are dynamic and cycL'c, fuL1y reversed in nature. The only tes data
for cyclic static loading showed a dramatic dec ease in st=ength of
338 in half a cycLe. This indicates the possibility of severe
strength deteriorat'on under multiple reversed cyclic dynamic loading.

3 ~ Masonry codes are not specific about the usefulness of join"
reinforcement. Xts use is aLLowed to satis y Qe minimum steel
requi"ements for reinforced masonry. Zf it is to be used to resist
tensile st:esses, the WSD method should be employed with an aLlowable
sreel, st=ess limited to 30,000 psi. This approach Lmt" the
cent"ibur,'on of joint reinforcement in inc=easing the allowable
mcment over that of unreinforced walls with running bond. Zt est be
noted that, codes allow the use of joint reinforcement as a s"-'c"uraL
steel onLv in reiMorced w~ which sat's y the mini~ st el
requir ments in both vertical and horicontaL direct'ons. Th's may
not be the case for the masonry w~ in nuclear po~er plan"".

4 ~

5 ~

Me only code [3l that addresses the use of joint reinforcement 'n
seismic areas does not aLLow ~ use as principaL steel d'or
Categories C and 0 st"uctures. Safety-related masonry walls in
nuclear power plants would fit into these categories

For hollow block walls with joint reinforcement, c"ac!c'ng extends to
the compression face shell causing a dramatic reduc"'on in wall
stiffness and consequently excessive de lect'on, particularly under
cyclic Loading.

A serviceability Limit state should be applied to assure proper
performance of waLL attachments (pipes) . Cis limit state may
rest ic the performance of joint re'nforcement to the linearly
elastic stage.

6i Qnreinforced walls in nuclear power plants that are joint reinforced
to span hori"ontally should have base boundary conditions whiA are
free to allow both transLation and rotat'on in the out o&plane
di"ection. This boundary condition, if it exists, forces "".e wall to
""ansfer its self weight by beam ac"'on to the verticaL su=port.
Therefore, the waLl is under in-plane and cut-of-plane orces. The
effect of possible interaction on the waLL aer ormance, aartic lar'y
under cyclic dynamic loads, is not known.

In concLusion, the stat~&the art does not give enough insight to
understand the performance of joint reinforcement under se'smic loads.
Therefore, it is the .=BC consultants'oinion that -o coed' should "e -'ven

I.'d;reklin Rae rc'h Cata'
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ta joint reinforcement to resist tensile st"esses due to earthquake loads. A

canfimatcry test program is therefare recommended to provide data about the
structuraL per ormance of joint reinfcrcement in block masonry waLLs under

cyclic dvnamic loading.
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ATTACHMENT

SGEB Staff Position on

Use of Arching Action Theory

to gualify Unreinforced Masonry Walls

in Nuclear Power Plants

INTRODUCTION

Unreinforced hollow block masonry walls have a very limited capacity

under the action of out-ofqlane loads. Higher resistance could be

deveToped'by're'ating larae in-plane cl'amping forces, thereby foming a

thre hinged arch mechanism after mid-span and support flexural cracking

has occurred. The most important conditions for the arching mechanism

to develop are the existence of rotational restraint at the boundaries

and the prevention of gross sliding of the wall at support sections.

Some of the licensees have relied on the development of this arching

mechanism (referred to herein as 'arching action theory') to qualify

unreinforced masonry walls in their plants.

The staff and their consultants have reviewed the basis provided by

licensees to justify the use of arching action theory to qualify the

unreinforced masonry walls. The staff met with a group of licensees

r presenting approximately eleven utilities and twenty two units on

l]ovember 3, I982 and January 20, 1983 to discuss this issue.. or=her, a



site visit and detailed review'f design calculations were conducted by

the staff and consultants to gain first-hand knowledge of field
conditions and the application of arching action theory in qualifying

in-place masonry walls. Based on the information gained through the

above activities, the staff has formulated the following position on the

acc ptability of the use of arching action theory to qualify

unreinforced masonry walls in operating nuclear power plants. The

staff's technical basis for the position is discussed in the attached

report.

POSITION

The use of arching action theory to qualify unreinforced masonry block ~

walls is not acceptable. Therefore, the licensee shall fix the walls

currently qualified by the use of arching action theory such that they

meet the staff acceptance criteria based on the working stress approach.
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