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,'-, BABA ;-!oaô 
0 ivision af Construc t ion Te c hn iC]ues, Cui l din ;:; r: eseo. rch Institute 
J('\[)an 

;. '~sr :J\u This paDe r c!cs c)~i b es ex[)el~iin e nts to o bta in necessar y 
do ta re g ar~in s safet y of b ric k nas onry fa cin ss 
installe d b~, meta l riev ic es into concrete structures 
subject to d i ffere nt i a l moveme nts bet~een b ricks and 
c o n c n \ te . ;] nem o t 11 o d o f b I" i c! : El uso n r y f i n i s h i n ::s S i! a s 
e;(arni nec1 a s ai nst ti/o types of !lOver.' ents as fo 11 o'//s: 

(1) Horizontal therma1 a nd mo is t ure nove~ent in a 10n : 
te rr:1 . 

( 2 ) F1e xura1 and shearin3 defor~at ion in p lane . 

One 20 m l on g wa1 1 spccinen with brick mas onry 
fin is h i n c s on bot h sides ~a s p r e pared in arde r to 
í;: c c;. S u r e d i f f e r e n t i a 1 :'10 V 21:1 e n t s b e t \./ e e n t h e t \.! o 
nater i LI 1 s fo r t hc f i rst t.y[)e of ~;lo veme nts. j\not her V/ J. 1 1 
sre ci ~ en wit h a b ric k naso nry finis h in [ WL\S lo aded 
ho ri z o nta 11:/ in the S é'.:ll e p l ano of the '..' u 11 for l h e 
sc con d type of r.~ove;:le nts • 

. \ s a )~es Ll l t , v 3 rio us t~/~es of d if fe r ent i a 1 ':1ov ei.1c nts 
':1 e )~ e : ~: e a s u I~ e d • T h e f r a c t li I~ e p r o c e s s e s a n cl t ;-] e 
p el~ :T; issil: l e cJefOr:~'1 ê.:~ io n are d iscllssed on the oc. sis of 
t h e s e e x p e r i ! -, ~ e n t s i n o n i (O r t o i n1 P r o v e t h c S ê' Te t y 
pc: rrOl":-ranc e 'JT th i s t yp e af bri d n:é',sonry. 

In '-'c pc. 11 :; ric k r.]i1sonr~! f i nish i n:; cons J.: ruc tio ns C.1~e very pODu 1a r 
i n h i ~ li c 1 e. S s b u i 1 (: i n ,; S ': / h i c ;1 c: r e S Li P P o r t e c1 b y r G i n f o r c e d 
con cn;te '.}'" 1 1 s '.'i i th r.lc tL'. l t i es an el ; lort ur. i. ,'he n \'18 t r y to élpp 1 ,:/ 
it i n SCi S!l i c count. ri es , '.!\: r~1 ust T.a '·:e a ccou nt of the strucü: r a1 
sL'Fet:,' ()~' Q i nst l1~over~ents bet ':! ee n b ric k l ' asonry and stn!cturul 
\.' u 1 1 s , ':: h i cI': i s C:H! s e j b y c a i 1 ~/ h e a t 2. n d :;10 i S t U r 8 ;) n ci o c c a s i o n.: 1 
9él. r th,_" uô ::(; s . ;'·,t t:l é2 saL~e t-i ::le ':1 '2 1'l uSt OT'Í"(~ I~ oe tai1s af this 
CO ílstn!cti on. ~;( :::G l~i !:e nts ':!hose rcsu1ts \','cre i~ e:) orted f; en~ ':fe n o 
Ci: ITi c:: OL,:t to ap rc 1 '/ s 'O) 2c i :1 1 1a l' ;,esizec: bri c ks co C' :-:ove r u; nü". l . 1- _ ' \ . , 

~, o t G n i c l; !J i 1 cl i ,;;-; '.: ti i c 11 '. i a S c é: 1 1'2 d (. !: i n 2. \ ! él -l I" o P i c é' 1 D r c <:T C.2 n t o rl 

? 1 : .c. c.:::T i (1 1 s 
Te s toc: :; i~ic l :s êY 2 1 0 1' :-:0 s i ;: c;c! Cena f ~avc a ílÍtc hod sUI~ fac e t\n Ci 
:-:0 I cs for r.lo te. l ':: é: 1 1 t i os. T:lC ;::,hys -i c a 1 pro ;)(; r t i c s cf :": l"i c!:s ':: 1" 0 

S ! ~ C)., ". ri i r: T l-',:; 1 o 1. I li t h i s c z: s ~:; I:: ~ t 2 r a i", s o r p t i o n a, n c: e x ;) a n s i o n 
C;LlC te ~:óso r pt i o!l \':c r c: r,:eas urG c: ç,ftc r 2f:. ;l ours in 1.'/uter. 

0o i ~;t ê', n '~ c 3 st-ini 2 : ~: c, ~~ t c r \,'Cl S nOr" j ;~ a. l CCi;!C n t i::or'tür. \! ê:rio us t~/ ~C~ S 
of stc. inl c ss st :~e l ':/c r c L!s,:(~ fo r G nchor~i n ~ ~; r i c !: :,1~ so n 1~~/ to 
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reinfcrccd concrete ~aI1s. 

Th ese, types of SpeCÜlens '>JQ r (~ prcpüred as s hov:n in Fi ;;u r o s 1, 2 
ftn d 3. lhe first type of s pc:: cimens \': as to e;(ànine diroct1y thc 
bond and insta1 1inn strength ~Gt~cen nason r y a nd concrete. 

The secoilc type \'fJS a \!a 11 spccir~ell to test flexi~i 1 it~/ betv!een 
these t\'fO co~)cnents under lateral cyclic loadin3 in plane. 

T i 10 1 é\ ,; t t y P e ':.' a sal o n 3 '.! a 1 1 t o e x a , -:~ i n e 1 o n G t e r "l b e h <: v i o U I~ S 

uncler :'10 i s t ure t1nC thenl i1 1 :!'o ve:nents. In tili s c aS2 , v..!O t~ipes of 
bricLs, pre-\·!etted crick and no prc-\Jetted one, '.'Iere aüopted on 
"U,e bcth si cGS of the \!all respectiv e l y. 

;~ . 3 EXDer i L1cnta l i ~e tllods 

2.3.1 ~: il"ect Tension é).nd Shca l~ Tost. This typc of sp c:; ci ;,'cn s is 
a r ectí.ln;~u lal" pa r a 11 e lopipedon \'!it h hJO brick :'laSOnl'y CO I~ lponen~:s 
on thc both si do s é'.tl c hcro (J b~f fOLil" ua ll ti e s e ach otiler. In the 
c ~se of tensil e s p eci ~e n t\'fO special neta l ~ l a tcs were bonded on 
the surfcce ar l'iasonry co:.:poncnts, an el thGn pu 11 eo by à 1 oadi n::: 
de v i c (~ c; i iAOCtl y. 

:;;n,c t Sh2ay' sj)eci i::e ns ;':e n '! lOêued in oli.1no in con'ÇI"E'ssicn. The 
sli ;~' dcfo rn~Gticn beh-.:eer: t':!O cor;:pon e nts \':as i:1easurGd . 

2.2. Z Léit er'a 1 Lo ad ;n ."_~ 
force was applied to a 

I·Jall. In this 2xperil:iG l1t a ho rizontal 
structul"éll ,AGi nforcecJ concrete Via 11 at th:: 

to~) by c. 100- ton jack. J is p laccr:lcn:s at vi:lrious pos ition s of tilC 
s pcc Ü::c r. ';!el"e : .• eüsu re d to be: able to seperute the bE~ n d in g , She2.1A 

iin c~ sl i r: cJerornat i o ns cf the co ncrete ':io. ll anti thE.' brici: r12S0nr~/. 

T h e Li 1 t r c;. s o n -i c v e 1 o c i t ~' a t f i v e p o i n t s o f ti! e V! a 1 1 Vi a sal s o 
r'Gasul~ecl to c1e-~2 ct occurn) nc~ of Done fraccL!Y'c 021:'.100n the h j O 

c o: npone n-cs. Fi na ll.q the 1 (~n,;tn af cr0.ck i W;s of boti; concrete iln c.1 
r.: .:1S0ni" y ':Ias ;,iOaSUrCG afto lA a sot or cy cle lOà C ill ~ of tho S(:;; '1e 
:,i2x i i: :urn c ispl il coi·"ent él-C tilO topo 

2.3.3 ;:O istuiA e a nd TÍlerr.:a l :: OvC'·:icnt. TI;e slip defor:n2t ion 
:)ct\'!:~en the h!o cor:f) onents \'.'2S ,;eo. sured ê,t fi \lC poi nts õ.S shoun 
in fi ::; U1A2 3. 1";' ·2 po i nts fro~,l 1 to ,,!. ;· .. ore S (~t on the side of the 
s o li t h e r n S li r f 0. c e u n d t li e o t h e r \! a s o n t fi e e li G e o f t h e n o r t h e t' n 
sud:i3. ce. 'Chi s r.:eaSU1"e;;lent \1JS conti nueci thlAOU gr: ti~e tem, rro'i1 L. 

r.liri SLllê1:nC r t.e a r" id \!inter. r;e con! in ~ sli p c efonnLt tion '.Jas 
currie~ out b~ a n an21o~ roco rdc~ 

~ •• [ XPC::··:I : 1 ;:T/;L ~: [SULTS !',i;[) DISCUSSWr;s 

3.1 [) it'ect Tension anc Sflear 
í hc eX;Je ri:::ent 2 1 r esults of d irect tensile ano shear tests a r e 
sho'./i~ in Table i~ ano ri ~ ure f: .• The bon d stren g th of this typ e of 
f L C e n 2. t e r i L 1 s i s s o S 1".1 a 1 1 t h (l t t h e '." e i C li t o f t h e f i n i s h in ::: 
céinnot be supportcci only by the bone! stren z th ev e n in usual 
staCrJs \! ithout ea rthqu akes . The refore the mcchanical propelAties 
cf l:ieta l dev ic es are very i :·.lportant to !(cep this ty pe of 
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u i 1 c: i il[; s i li S 0. f c t y. T h c S;<;J (~ r i i~1e n ta. 1 I" C 5 Li 1 t 5 5 li C f C d :;. r e c: t 
uct ilit.:, cnc suffici ent stren~th í::orc;(. !ia ll req uirc:~cJ va1ue . 

3. 2 LE1 '~ e r a l Lo:; d i n ~-: of l'.! a. ll 
l he r c 1 Jt i onsh i ~, be t\'.'cc n flol"i2onta 1 lo ae and (: is ~ 1 '3 c e :'1Ont of 
t :1G '.:a 11 stt'uc~u re i s s hO':!n i n Fi ;':l! r e 5. TI19 r c 1at i ons hi ;:- Dot'::ee n 
tile !, or i zontu 1 l oa':i ônrJ t i, ::? r e-!at i ve :: i sp 1acE!::é:: nt of !~h e !J l"i ck 
;:: us o n I' y f i I) i S ;'i in ::; to t h e s t r LI c t LI I" a 1 c o li c r e t e \ 1 a 1 1 i s é1 1 s o 
~) l'"' ,Jsentcci i n r i ~ : ure t~.~ . 

T!:c sto r y crift anG1e at riêl ;: ir.1L!i:l 10Dd ',/as +1/2CU i.:: nd -l/ [~ C ü. Tile 
~' i c 1 ci i n~ ar 00 nc in;-: l" e i nfo rc emc nts a nei horizonü:1 r c inforc 2;'len ts 
oc cLliTed l" e s :)Gct i vQ 1~.' i n the 2nd cyc1c und the ~)th cyc1 e. f,ft e l" 
t!le ~th cyc 1 c , the yi c 1 c! of t he sh ea r rei nforc (?tiIent s caused the 
r eO l'ct i on i n stn~nsth 01' t he ',,'a 11. 

Un t: 1S Ot hC i" lJi2ncl t he: re1 ct iv e eJ-is p 1uc21'le nt OT 'cne bric k r.:a sonry 
to t ri e s t n.! c t U I' a 1 ''i a 1 1 \i (l S u h lO S t Z ·2 r o i n t h 'ê! C u r 1 y C~! C 1 e s • 
ii O\'le vel' th is C: i s~) l u c cr!ent occurred d urin ~'. tile 5th cyc1 e \.' hcn til e 
s-co r y J r i 'Ft unz:1e '.i·JS L,l) out l/ COO. Th!? c or.!p 1ete <ê;xfo 1 i :.1 tion 
bet':ce n tire "':\10 C0 i11pO ne nt s s eer.1 S to have occurr ed i:lC tn ê':t tir:e. 
The expe ri ~ental r esLl 1ts of u1 t r ason ic ve loci ty a1so off e r eó the 
Gvi c! (;nc ,:; of exfoli at ion as s ho ':Jn in F i ~ ure 7. 

Tl1e f r i1 ctLln:~ pêltt:erns of both co ncret e anel ~) ri c! : rli:l sonr:/ in t he 
spc ci me n a r e sho ~n in Fi g ur~ 2. Fi s u r o 9 c an of fe r t he 
e):pe ri n~ent0. 1 r e 1i:1t i cnsh i p be tl!een t h:? d2 nsit~' of crac!:s cn cl stot"j 
(! I' i ft a n C; 1 e C1 u o. n t i t a t i v e 1 y. i; c c o l'(: i n::: to t h e s o f i ;; U I' e s , t h o 
t h ic knc ss of o l'ic:: ;;1 c.sonry f inis h i nr; s s e e~. : s to nélv e iJ. :-; r ec. t 
e f f e c t i n c o n c 2 U 1 i n ~ s t I" LI C t LI r o. 1 c r D c !: i n ~; s . T h i S e f f 2 C tis 
i :::p or t<:nt ·::0 ir" ç ' r'C'I 'J the vJr i ous pe rfor'r,an cGs of oui 1 d i nLs. 

":' • ..J , IOlS T,u r e 2nd Thc r!l c. l ~ ,O \'G !:1 cnt 
lhe sli~. cl efo r ~·. lélt i oi1 occui"rcd i n ~) l anc an J thc dit"cction '.las t hc 
52!.:2 to ~:ric!: !lc sont"y expc:. i,sior: OI" l"c in fo rc::c concrete shrin!:i2;:;s. 
:,s s ho'.:n i n ;~ i ~ u r c 10 tnc s li D d ef or !~l ut i o n incr Gi:l s ec v (? r ~,' 

g I" o c1 Li c 1 1 ~' i ri t li e e c. r 1 :,' s c a ,~.: e :: e f o t' e t h e 1 5 t il li a y a r. d t h i s 
d(; f ol~;~} ticn suc Qe l)l~! incro ê.s (:u on t :10 1 ~-j t! 1 , l St !l J n d 21~til c; aj . 
lho lle ta il cc! c ilan ~~o i n ti,2 OO TOrf' ilt i on is ~õ ho\/ n in Fi :; l!l'(~ 11. 
T;,Q vC\ l uc;s cf tf1c SOU Ule i"n c'C1 ::; c: s cllcn ~~ ec: VQr~/ sUGci e n1y 2-C a !)out:2 
~)i~ on -the 1 ! :· -t ~1 , 1 éth an(~ 2( t 1: duy '::n i ch \:lere vc r y sunny d a ~-' s 
i.l ftel" ',!et cc.ys. This ':122. nS tht:t te'iipe l" ilt ure tal:es an ir: i r~Ot"tJnt 
r o l e in i:; r ea l: i n:; thc bOila ::-e t\/ 2en r::2 sonr~/ J IlG co ncrete oue to 
s'.;c 11in :~: cf c1 v.y br ic i:s . 

F i ;~l: r ? í2 s ho\':s thc c istt'i bu ti on o,· t.nc sli ~ d e -Fo r:,~a tio n t h t"ou ~':-, 
t hc '.Iho 1 c s p c;cir:K:~ n . T!;~::- CefOl""la tion at th c co [' es '-i o.S '=· i : .; Gr th an 
q t t !-; c c e il t c r' p o i n t . I n t h e c G. }" 1 y s t 8. : e ) e f o j" c~ 2 5 t 1 ~ d 2. ~/ , t h e 
c: istl"i cut'icn ' . .'(1 S not 1 i r cG r, \.' hic h ~1i C(lr. that th e inn e r concn:~ to 
\ 0.1 1 r estl"C'. i noc t.!1c ;;; c:son r :: fi ni sh ings "'i it h lli :: ;, ri :; i li·i ty. /\ ft~ l" 
tho :~~~:;: d:iy th e c i s t t~i ~) ut i on l,'.'(1S a li'ios t 'Iin ce.l" iJc c ause t hG 
ri :='ic: i -r. ~f of :'.n c ilo l'i n :~ c!o v ic es i s ! ~; uch s :-.121 121' t!:&n bc h :; i d i ty 
of c. ~) }~ic :: r: :asonY'y \'.'(1 11 i·ss ~ l f . 

. ,s .::no t!:c i' Í!:pc l" ca nt i nfon1ê'.t ion, t:-iC S 1 i p c'c -Fol' ~.:a tioil of ~ I' S ­
':'e t __ ~c(i bric': ;·~ i:'.SCnl' : ' 1ccéltoc: CIl t hc nor t hc r n s i ck: of t !:e SJeCi i:E Il 
' .. ".;; S v,Õ' r: ' s '.1 .3 11 2r t h,:: il thc ct:w r l)C.r -c '.! fl ic h \.' <'\ S i nst? 1 1c:d ',,1 i thout 
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pre -wet t in 2. This result sU GJes te d thut pre -~ettin2 before 
ins t alli n; wa s very effective in preventin g dD~& s e S due to 
s ':!el ling . 

4. CC)[;CLUS I S::S 

Sa se d on the exper ine ntal r s sul t s ne ntioned p r e viousl y , the 
àuthor I s con c -, us i on cou 1 d De sumr,ia l~i zed as fo 11 0\1S: 

1) T:'G bone sti~en [; t h beh!e e n brick i:làsonry and c o ncn:te "'Ias n01: 
enough to su ppC'rt bricl~ : : ~a son)~y f ir:ishins s. 

'-) ., , 1 +- ' I . I I , ., f' . , . t t' !. i ,G 1:. a \.. 1 e S i! n 1 c ,1 i) n c ri o r ;) I" 1 C K 1'1 a s o n r ~! 1 n 1 s n 1 n : s o - :, c 
structural concro to haci the ultinato sh ea r str e ng t h of 8040N 
\'h ich 21so had sufficient duc t il ity in th is e;-:peri r:lent. 

::; ) T h i s t Y P € o f b r i c k r: c s c n I" y fi n i s h in ::; s h a ci fl e x i ~) i 1 it J to 
fol low usual movenents in p lan e ~nd had stre ngth to stan~ usual 
(;~:nur,li c forces out of p lane undel" c 2rt hq l!iJ.k es. 

I;.) Th'ê: i ntol"face be t':!ee n t 'le t':/o co:nponents in thc c aso o ? t ho 
1 ate ra 1 1 oacii n ~; ':.'u 11 ':Ias COi:1p 1 etc 1 y l~rokon \':hen the s to ry dri ft 
.1!1 '--' l o "': ;"S l/rir,;"; 0 t ; •• ..4 ~ .... ~ ~ . 

5) The: :)I"i o:: r:üsotll"y nnlsllln :.: ,'Ju S '~Y T e c t. lv e in c O:lc eul in ;:; 
structural cr a c ks . In the cas e of t he moisture and t~erna l 
r:l0VQI:1Cnts specir'1en, pn ::- ucttin2 is v e r'~/ effect-ivo in iJ i!1i r1izin ~,j 
[:00; s tu r e r:lover:lents . 

6) The i ntel"f2ce beb'Jee n t f:o tifO co:r:p on en ts in tne lon ; \';0. 1 1 '.','LS 

brc !:en in :)on c; '..'hen tne s\'/211 i ni.'. stt'J i n cf the !; ri cf: r:10,sonry \'!é'.S 

2~ r /.1 • 

7) ThE: r e l ai i onshi p beh!ecn tile slip l!cfon1D.tion (lnc) t he istance 
froil ti12 centol" of tnc '::a 11 '.Ias not 1 i neGr De fore bond r2cture 
and ~as a lnost linear a fter ba nd fre cture . 
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Table 1 Properties of Brieks 

Compressive 
Strength(MPa) 

91.5 

Flexural 
Strength(MPa) 

79.3 

Water 
Absorption 
(o/wt) 

7 . 1 

Swelling 
Strain* 
(x10-6) 

136 

* From absolute dry to water saturated under 20 °C 

Table 2 Mix Proportion of Mortar 

Kind of 
Mortar 

Volumetrie Ratio 

Cement Sand 

Cement Mortar 3 

Table 3 Installing Method 

Kind of Kind of Spaeing of 

Anehor Wall Tie Horizontal 

Stainless Stainless 
Steel Steel 80 

M10 r/> 4 

Compressive 
Strength(MPa) 

23.9 

of Brick Masonry 

Wall Ties (em) 

Vertical 

64 

Table 4 Meehaniehal Properties of Installing Deviees 

Shear Shear Bond Ma ximum Shear Shear 
Load Strength Shear Load Deformation Ri gi dity 
at Bond (MPa) pe r a Tie at Ulti mate per a Tie 
Fraetu re* (10 2 N) (em) 2 

(10 2 N) 
(10 N/ em) 

298 0.056 80.4 1. 29 617 

* Charged area per a tie supposed 80x64em 
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Ma ximum 
Tensile 
Load 
per a Tie* 
(102 N) 

54.9 
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