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1. DPROBLZM STATEME=NT
Joint reinforcament has been used as a structural element to qualily
unreinforced block masonry walls in nuclear power plants. Joint reinforcement
is commonly used for czack control and to provide continuity Sor zultiple
wythe walls (10, 14]. “

mé structural significance (resisting of tensile s::esseé) of joint
reinforcenent in maseoncy walls is not well established. Tiis is parziculazly
true for unreinfarced hollow block masonry walls under cyclic dymamic
;éading. 'the folleowing two seczions summarize test data and building code
. requizements for joint reinforcement in an attempe to evaluate its stzuctural

significanca.

2. SVALUATION OF TSST DATA
Theze ara f£ew test programs documented in the literature addressing che
Zunczion of joint reinforcement embedded in the mortar joints of xmasancy
walls.. Table 1 sumnazizes the different tast data of joint reinforced walls
having =aterial prorverties and consczuction details similar to bleck wal.’.'s in
nuclear rower plants. The available data are limitad to static, normal loads
appliad to horizontally spanning wall segments. Analysis of the =ast daza

orasented in the table revealed the following conclusions:

1. Joint reinforcament did not affect the cracking load. Uncracked wall

stiffness of unreindorced walls was similar to that of walls with
joint rsinforcement. ]

2. The contribution of joint reinforcement in the load cazzying capacit
ranges fron -10% to 3003 indicating the sensitivity to variacion in
naterial properties and construczion details.

3. The single tast data (2] availaﬁle under cyclic loads showed a 333
strength raduction on the f{izst half cycla. This indicates the
possible strength degradation under earthquake loads.

4. The deflaction at ultimate loads of reinforced walls was, in-sone
cases, much higher than that Sfor unzeinforzed walls which exhibizad a
brissle cleavage failure.

5. e statistical significance of the faw samples estad is

Questionable and does not provide confidence in the availaols tesc
sasults.
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3. =W OF CODE PRCVISIONS

Table 2 presents the diffsrent code design provisions concerning the sole
of joint reinforcement in masonry walls. As can be noted from Table 2, these
codes are rarely specific about the usefulness of joint reinforcement and its
function as a stouctural element to carry lateral loads. The codes, however,
allow the use of joint reinforcement as part of the required minimum
reinforcement in reinforced masonry constsuction. This implies that the main
stoucsural function of joint reinforcement i3 to distsibuce he load =0 the
main vertical steel. It must be noted, however, that the codes, if they allow
wire reinforcement to be used as principal reinforsiag steel, specily that the
;;:king stess design (WSD) apprcach should be followed., The %WSD apprcach
assumes linear elastic material properties and limits the allowable st:e:el

stsess %o 20,000 psi. T

The new edition (1982) of the Uniform 3uilding Cade (U2C) allows the use
of joint reinforcement as principal horizontal stesl to carzy design stoesses
(L3]. This is, however, limited to ceinforced masonry walls desianed using
the WSD method.

eam

The design provisions of most ccdes apply to masenry buildings under
static loads. ATC-3 (3] is the only code that specifies the stzucsural use of
joint reinforcement under eartiquake loads in seismic areas. It does secmis
the use of joint reinforcement to resist tensile st-esses for seismic Catagesy
A and 3 stouctures, but statas that it cannot be used as the princizal
reinforcement for Categoiies C and D stouctures, excapt as pact of the mini=un

seinforeing requirements. .

4. DESIGH OF MASONRY WALLS WITH JOINT REINFORSIMETNT
Noreh American ccdes for reinforcad mascnry design assign allswatle
Slexural ccnpressive stresses for masonry.and tansile stoesses for zeindorzing
steel. Table 3 p:ésents cialculatad allowablae Qomen:s/ft of typical 8-in
hollow block walls which span horizontally based on the working stcess
design. It is assumad =hat the wall is ccacked and that stael carzies all t=e
tenzion. The allowable zoment (HAU) the unreindorced wall carcies

horizoneally is calculated based on an allowable flexural stcess of L.2Vn,
(1.
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Tabla 2.

Cade

Code Dasign Provisions for Jaint Reinforcement

Cesign Provisicns

Acr (11

*forizontal joint reinforcement mav oe
used in the wall to increase the tesnsile
resistanca and as a means to resist
design tensile stresses.”

Section 6.7

v

*The function of joint reinforcement iz
to pravent the formaticn of excessively
large, unacsepeab-e shrinkage czacks in
pasenry walls.”

Section 8.2

UsC {12]

*"mhe ainimum diameter of reinforcenent
shall be 3/8 inca except that joint
reinforcament mav be considered as gpazs
of the requirad ainimum seindorczament.”

Section 2418

WHA (1S]

-

*appraoved wire reinforcement, placad in
horizontal morsar joint, mav be used as
pazt of the raquired reinforcement.”

Secsion 3.10

ATC (3]

'Section 12.5.1 “JOINT REINFORCEZMEINT: Longisudinal
masonry joint reinforcament may Se used
in reinforcad grouted-masanzy and
. ceinforcad hollow unit masonry onlv to
£ul£i1l minimum reinforcement catics bus
shall not be considered in the
- datarminacion of the strength of the
sacber,”

C3A (6}

Sec=ion 4.6.8.1 ™Jize zeinforcement in the mor=az joints
may be consider=ad as cequirad horizoneal
reinforcamens.

Noce: No provisicns are given in 3S 5628 (4) or ™S (1l5] concerning wie use
of joint reinforcament.
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Tahle 3. Allcwable Moments

Joint Calculated Allowable Man*

Reinforcemenc ¥oment, Mpp, lb-in/ft (10) Mag

9 gage 8 in o.c. N 4880 1.42

16 in oc.c. 2440 0.7%

8 gagae 8 in c.c. 5820 1.59
16 in o.c. 2910 0.85 )

3/1s6" 3 in o.c. 7430 2.16

16 in c.c. 3720 .08

"

£'y = 2000 psi, &4.= 0.33 £'ns €5 = 30,000 2si, type S-morzar,
':a:-o af calculated moment of reinforsed waul to un*eznio: ad wall'(ﬂau =

3436 lb-in/fL)

The zesulbts gresented in Table 3 show that the allowable zonrents Iox
Jascnry walls spanning horizsntally depend primarily on the steel ratio. It
is interesting to noce that joint reinforcem:nt at lower percentages does not

inczease the wall resistanca.

The contsibution af joint raindozcement in the ultimate (failuza) latazal

load r=sgistance of mascnry walls was calgulatad by Cajdezt [3}. 22 assuzed a

linear beanding stzain with a wriangular stoess distsibution in e compressicn
scne. The ultizate strength is assumed to be reached when, after vielding of
the tensile reinforcement, the ulbimate masonzy stTength, f'n, is reached.

t must be notad thkat the joint reinforcement is high tensile steel with a
yield stress as high as 100,000 psi. No published data are available cn its
Stregs-strain behavior which is needed in the ultimate load analysis. ‘
Cajdert's (S] aporoach of ultimate stress design necassitates precluding any

bond failure ko daevelop yielding of the joint reinforwement.
S. CONCLUSIONS AND RECIOMMEMNDATIONS

The stsuctural performanca of joint reinforcemant is not well established.
The qualiZication of masonry walls in nuclear power plants which takes iasa
aceount tensile stangth due to joint zeinforcement is guesticnable. TRis is

Based on the fsllowing arguments:
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1. The available test daca are scarce., cConflicting values have been
obtained concazning the contzibusion of joint reinforcement. Also,
the sctatistical significance of so few samples of such a varianle
material is questicnable.

» . 2. All the tests were perZormed under static loading which cannot be
extrapolated to predict the performance under earthquake loads, waich
are dynamic and cyelic, fully reversed in nacure. The only test daca
for cyclic static loading showed a dramatic deczease in stsength of
33% in half a cycle. This indicates the possibility of severe '
strength detagioration under multiple reversed cyclic dynamic loading.

3. Masonry codes are not specific about the usefulness of joins
reinforcament. Its use is allowed to satisfy the xzinizun steel
requirements for reinforced masonry. I£ it is to be used to resist
tansile st-esses, the WSD method should be employved with an allowable
steel stress limited %o 30,000 p=zi. This approach linmits the
centribution of joint reinforsement in incoeasing the allowable

. ncment aver that of unreinforced walls with zunning bond. It =ust be

notad that codes allow the use of joint reinforcament as 3 stsuctural

steel onlv in reinforced walls which satisfy the minimum stael
requirements in both vertical and horizental dizections. 7This may
not be the case for the masonrcy walls in nuclear gower olanzs.

4. The only czde (3] that addrassas the use of joint cainforsement 2
seismic areas does not allow its use as srincipal steel tor
Cacegories C and D scsuckures. Safety~celaced masonry walls ia
auclear power plants would £it into these categories.

S. For hollow block walls with joint reinforcement, ccacking extends to
the comprassion faca shell causing a dramatic reduct=ion in wall
stiffness and consequently excassive deflection, particularly under
cyclic loading. .

A serviceability limit state should be applied to assure proger
perfornance of wall attachments (pipes). This linmit state may |,
regstzice the perZorzmance of joint reinforcement %9 the linearcly
elastic stage.

6. Cnreinforced walls in nuclear power plants that are joint reinfozced
to span horizontally should have base boundary conditions whizh are
free to allow both translation and rotation in the out-of-plane
dizectzion., This boundary condition, if it exists, Zorces =he wall to
transfer Ltz self weicht by beam aczion to the vezstical suzgors.
Therafora, the wall is under in-olane and cuz-of-plane forzas. The
aeffact of possible intezaction on the wall performanca, particulacly
under cyclic dynamic loads, is not known.

In conclusion, the state-of-the art does not give encugh insighe &9

understand the performance of joint reianforcemenc under seismic loads.

Therefore, it is the TRC consultants’ opinion that no czedit sheuld tSe given
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to joint reinforcament to resist tensile stresses due to earthquake lecads. A
confirmatory test pregram is therefore recammended %o provide data about the
stoucsural perforzance of joint reinfcrcement in bleoek masonrsy walls under

eyclic dynamic loading.
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ATTACHMENT

SGEB Staff Position on
Use of Arching Action Theory
to Qualify Unrein%orced Masonry Halls

in Nuclear Power Plants

INTRODUCTION

Unreinforced hollow block masonry waiis have a very limited capacity
under the aciion of out-of-plane loads. "Higher resistance could be
HéVéToﬁéd‘by'cﬁéﬁting lirge'in-pléne cihmping forceé,'thereby forming a
three 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 p;evention 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 quality

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
rapresenting approximately eleven uti]itjes and twenty two units on

flovember 3, 1982 and January 20, 1983 to discuss this issua. Furzher, a



site visit and detailed review of 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-blace masonry walls. Based on the information gained through the
above activities; the staff has formulated the following position on the
acceptability 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 éfching action théory 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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