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AESTRACT Th1s naper describes experiments to obtain necessary
data regarcing safety of brick masonry facings
installed by metal devices into concrete structures
subject tO(A‘Ternn-1a1 movements between bricks and
concrete., Une method of brick masonry finishings wes

examined against two types of movements as follows:

(1) orwgonua1 thermal and moisture nmovement in a long

(Z) Flexural and shearing deformation in plane.

One Z0 m long wall specimen with brick masonry
finishings on beth sides was prepared in corder to
mcasure differential movements between the two

materials for the Tirst tvpe of noveﬂcnts. Another wall
spacimen with & brick mesonry Tinishing was loaded
horizonta 11'/1n ‘h seme plane of the wall for the
second type of novements.

s a result, various types of differential movenents
were wmeasured. lhe fracture processes and tne
e
¢

sermissible deformetion are discussed on the besis of
these experiments in order to impreve the sefety
performance of this type of brick masonry.

onry Tinishinz constructions are very rocu]ar

in J:p:n brd
'I 1

<
in higzh ¢ s buildinss which cre supportec¢ by reinforced
concrete walls with metel ties and nortar. 'hen we try to apply
it in seismic counrr1yg. we must teke account of the structural

safety C’“1ﬂ’t movenents between trick nasonry and structural
al ! is caused by cdaily heat and moisture and occasicnal
2ar 4t the same time we must offer details of this
const 30 ts whosz results were renorted here uwere
cerried out to “ﬂr1; spacia esized bricks to @ govermental
totenic building wihich was Ckinawa Tropicel Orear Centerl
. ERPEnIiE:
2«1 lgterials
Tas
he Te

95

norizal cenment mortar. Yerious tvnes

= J o~ - d- S~ vt v i
voint ancg castinig mertar wa
T st e :

s
stainless steel were usec for anchoring brick masonry to
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rointerced concrete walls.

.2 Specinens

These types o7 specinmens were prepared as shown in Figures 1, 2
and 3. The Tirst type of specimens was to examine P1r“cu1y the
bond and dinstalling strength between mascnry and concrete.

1@ second type was a wall specimen to test fTlexibility bLetween
se two components under lateral cyclic loadinz in plane.

The Tast type was a lonz wall to examine Tlong term kehaviours
under noisture anc thermal movements. In this casa, two types of
bricks, pre-wetted trick and no pro-uvetted one, were acdonted on
the both sides of the wall resnectively.

2.3 Exnerinmental i.ethods

2.2.1 Uirect Tensicn and Shear Test. This ty pe of specimaens is
a rectangular parallelopipedon with two brick mas onry corponants
on the both sides cnchnrhf by four wall ties gach Y other. In the
cese of tensilz specinen twe s}c,wa] netzal plates were boncded on
the surtace of masonry couponents, and t“en osulled a loadin-
device directly.

t shezar sp c mens were loaded in nlane in comcressicn. The
slip do'ow‘ct on etucen two conponents was measured.

Z.2.2 Lateral Loadinz lall. In this experiment & horizontal
force vas asnliad to a structura] reinforcca cUrcrgte\v all at theo
top by a I-ton jack. Jisplacements at various positions of tihe
spociﬁen were measured to be able t seﬁeratc the bending, shear
anc¢ slip deformations cof the concrete wall and the brick masonry.

Fhe ultresonic velccity at five points of the wall was alsc
reasured to detect occurrence of bond fracture between the two
components., Finally the length of crackinass of both concrete and
masonry was measured after a set of cyc1e loading of the sane
meximum disnlacement at the top.

sture and Thermal wovenent. The s1lip defermation
; t%n two comnonents was neasured at five peints as sheun
in Tizure 3. The ﬁoints from 1T to 4 were sat on the side of the
southern surface and the other was on the edre of the northern
surface. This mneasurement was continued throuch the term from o
nid summer to a mid winter. fecording slip deformation was
carried out by an aneloy recorder.

3. EXPERLVELTAL RESULTS AHD DISCUSSTONS

Z.1 Direct Tension and Shear
T

ne exnerinental results of direct tensile and shear tes+ are
hown in Table 4 and Figure 4, The bond strength of this type of

meterials is so small that the wo1~*f of t

]
9]
o

he f1n1sn1n&
L be supported only bv the bond strenzth even in usual
ates without caruhc akes. Therefore the mcchanica] Hrowcrtiﬁs
netal devices are very iaportant te keep this type of
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tuilcings din saf 2 ov
ductility and suificient stron?th more than reguired val

Se2 Lateral Loadin~ of tall

Tha reclaticonshiz between horizontal Toad and displacement of
the wall structure is shown in Fisure & The re b1ons%ip between
the horizontal load and the relative displacement of the brick
masonry Tinisnint to the structural concrete wall is also
srasented in Figure O,

anagle at maxinum load was +1/200 and -1/4CC. The

ihe story drif n
ne reinforcements and horizontal reinforcenents

vielding of

b
occurred respectively in the Znd cycle and the Oth cycle. After
he ©th cyclie, the yield of the shear reinforcenents caused the
reducticn in strengsth of the wall.

Un tihe other hand the relative displaceament of the brick masonry

. r
to tne structural wall was almest zaro in tha early cvcles.
iovever this cisnlacement occurred durinz the 5th cycle when the
story drift angle was about 1/G600. The cor;]etn exfoliation
between the twe compenents seems to have occurred at thet tinm
The experimental results of ultrasonic velocity alsc offerec the
evidence of extoliiation as shown in Ficure 7.

The fracture patterns of both concrete and brick masonry in the
snec1uen are shown in Ficure 2. Ficure 9 can offer the
experimental relaticnship between the Gans1t” of cracks and story
ar

ift a.,]n quantitatively. ‘C”OP”1P” tc these figures, the
ickness of bpricit masonry finishings seems to have a ~reat

t in concealing sbrucburg1 crackings. This effect is
ortant to inpreve the various performances of bduildings

(Dt !
e ey o
C) ey et

soisture and Thermal iovenent

sTiw devormation occurred in plance and the dircction was the
rme to Lrick masenry expansiorn or reinforcad concrete shrinlagea.
As shown in Firure 10 the slip detormation increased very
\P“LU;1]V in the early stage before the 15th day and this
deformaticn Cuhccn1"'vcreasaj on *Hﬂ 15tH. 1’t‘ 'wd 9it% day.

The detailed change in the deforna
The values of the southern edges chan%e; v:ry SLouen1y 2t 2 ,out 2
hod which were very sunny days

-
o

nir on the 15th, TSth and 1o day

i 0
Tter wet days. This means thet temperature takes an 1nporua“t

att

rcle in brealving the bond hetween masonry and concrete due t

swellinz cf clay bricks.

Ficura 12 shows the distribution of the slin deformation through

the vhole specimen. The cefermatien at the edges was bicger Lthan

at the center point. In ihe vhrl ' stane betfore 25th day, the

aistributi SR can that the inner concrete

ole ith high rigidity. After

C the wost lincar because the

rizicity of anchering devices is nmuch smaller than the rigidity

As another important infermation, the slip ceformation of nra-
vetted brick mascnry located on the northern side of the specimen
was very smallar than the cther pert which was dinstalled without
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ore-wettinz., This result
installinz was very effe
swelling.

ot pre-wetting before
ing dameases cue to

4, COLCLUST

)

Based on the experimental results mentioned previously, the
author's conclusion could be summarized as follows:

1) The hond strength betweenbrick masonry and cencrete was not
encuzh to suppert brick mascnry Tinishings.

2) tetal ties which ancnor brick masonry finishinzs to the
structural concrete had the ultimate shear strength o 8040N

wvhich also had sutficient cuctility in this experinment.

3) This type of brick mascnry finishings had flexibility to
follow usual movenents in pl nd had strength to stand usuai
vnariic forces out of plans under certhguakes.

) The interface b
1atera1 loadins wa
angle was 1/5607.

etween the two components in the case of the
11 was completely iroken when the stery drift

5) The brick masonry Tinishing was etffective in concealing
structural cracks. In the case of the ro1s+ure and thermnal

Il ~

movaenents specimen, bpre-wettine is very effective in mininizing
noisture movenents.

Z) The dnterface between the two components in the long wall wes
broken in bond wvhen the swelling strain of the brick masonry was
ghw

1at1on nip between the siip (””OFH011OP and the di
m the center of the wall wes not linear before bond Tracture
tas almost Tinear after bond Trecture.
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Table 1 Properties of Bricks

Compressive Flexural Water Swelling
Strength(MPa)  Strength(MPa)  Absorption  Strain*
(°/wt) (x1076)
91.5 79.3 741 136

*  From absolute dry to water saturated under 20°C

Table 2 Mix Proportion of Mortar

Volumetric Ratio

Kind of Compressive
Mortar —— Sand Strength(MPa)
Cement Mortar 1 3 23.9

Table 3  Installing Method of Brick Masonry

Kind of Kind of  Spacing of Wall Ties (cm)

Anchor Wall Tie

Horizontal Vertical

Stainless Stainless
Steel Steel 80 64
M10 @4

Table 4 Mechanichal Properties of Installing Devices

Shear Shear Bond Maximum Shear Shear Maximum
Load Strength Shear Load Deformation Rigidity Tensile
at Bond (MPa) per a Tie at Ultimate pgr a Tie Load
* 2 T
Fragture (10% N) (cm) (10°N/cm) perzf Tie
(10° N) (10° N)
298 0.056 80.4 . 1.29 617 54.9

*  Charged area per a tie supposed 80x64cm
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Figure 3 Moisture and Thermal Movement Specimen
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Figure 10 Experimental Results of Long Term Moisture and
Thermal Movement of Long Wall Specimen
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Figure 11 Experimental Results of Moisture and Thermal Movement
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Figure 12 Experimental Results of Moisture and Thermal Movement
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Figure 13 Records of Temperature and Relative Humidity of Exposure Site

283




284



