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ABSTRACT Based on the experimental r esea r c h of 670 c ompress ive 
prisms and 380 shear panels of the met ric modul a r ho llow 
brick mas onry, this pa per g ives the compress i ve strength, 
racking she a r str e ngth, shea r strength in bed j o int s , 
e l astic modulus and shear modulus of metric modular holl ow 
brick masonry . By using these data and the r e lative 
calculat ion formulae in the current design code for t he 
masonry structures, the strength o f compressive memb e r 
a nd shearing memb er of these bri c k masonry has been 
e valuated . The sa f ety f o r the evaluated strength of 
those memb e r s has bee n c hec ke d by the pres e nt e xperime nt, 
a nd it ~s conformed with the re quir eme nt of th e c urre nt 
design co de f o r masonry structures . The a pplicat i on a nd 
the production of these bricks are also i ntrod uce d in this 
pa per . 

In order to mcct th e cl e )11ç~~J(l s :Por r, re :l ; ~;cet '1T'~1 r, .:; ')n r t ' C: l: t for r (? ­
formin c tré1diti onn.l ljrick ~md e c ::>non i :ürl['.:' cr': er ,n:'/-'n,) i mn r 0'lin{': ::'C 'J ­

nomie bcnefi t of eon,r.,t r 'lCt ion , thc c:~ l) ,:"' rj !Cl (; tlt ; ' 1 re SC"TC'1 ;)n t; !~ 1)(: ­

h 8viour of r'lc '-r ie m0c1 '11 8 T ~;, () lloH ori c k r:.n S0nr.'! ( ~ ) 11} 1r ' i n "' j," . 1 ) 
has heen e arri cd ou t h~l ()UI' 'Pae tor~/ . Th e "·:rine i :>rl1 nr odue tc~ h.3ve 
a lready becn a ec ented i nto th e l1[t ti onn l "' t ," '"r]nI'd ;; () 8 ,;") to 1,' lSh r C:l ­
sonabl c applie a tion of nrodne t for': ': ~ r d . 
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2. 

The eomprGé":üve s trength 0:P. the iTOSS nren of vertiea lly f)er fora ted 
briek 2L '3 vlith tho truG den ,sity 17 45 k{';/r,~ 3, 24-h e old ImtGr absoro­
tion 1 8~19: i Dnd eor i Yl '" 2 0~26fo is 110tween 15 0~200 }'=8"/em2 **in whieh­
t he e oeff i ei ent of v rlrültion r: v is C! .1 8~ :: . 26 . Thron'T,h t ests on 670 
nrté"ms u.ncler axiRl or e e e8'l trie 1 0~ld nnd othe ~~s (the res1ü t ,e; a re 
shmm tn r i r; . 2) , th o eomnressive COfY1J>'l.t a t ion of ['lcll ,sonry eomnonent 
may c e ealenl~ted in ;leeoY'rHn .Cl' vIi th Desif'l1. r;ode of r:asonry G ~lJ)-7). 

Be e au s e sta~l dard c; ompr e;:, .s ive t ost nethod of h ol101'T hriek is 
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c omnressive s trengi;h of 
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different f~om t ha t of s olid ~tand ard hriek ' n d o t her e f fe ets ex i s t, 
i t i s 811{;gOól t od thnt ·the e orn l )re 8s i v e ~tre'; n- t .: t ake the eaI en l F' tin g 
s tr enMh of t'1. e c od e mu1t-i nied by ,<'1 r ochet im"! fnr!tor 0 . 9 18 s qfety 
(the fa etor O. (; to the hor tzon t a lly ')r:rforn.t od brick masonry appro­
lJr i a t e ly ) • 

Throll ,~h she;,r t O:l t on ') 80 Sil8eimen s ':lh. i~h vTere buil t 1;li th solid 
s t andard briek n.nd ''li. t h e:L{';l1. t k i nd s of v ert ie 811y a nd horizon t a lly 
--- ? 
TT ote*'*- :,} Tntornn t ion r'1J~""C'<nred nn i t s : 1 Mpa.~ 10 kr:/em - . 
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nerfornted br icks in T.vh ích corin,:-r i.s 2 () ~?a-:; 'lDrJ 33~4~-:, re ,Qncctive lV ' 
Ry u sin[" diap;onal comn1"e ss ive me t hor1 flnr1 Sl~lGfl.r t erc t ll' 8 t hoc1 nlon ,'" the 
bed j oint , the re~llts ~re shown in fol10wi~ p . 

3 .1 Deforr.1ation P1"onerties r-md PaiJllrc : c c h,"]n i.Sr: ')f the nec i r' en 

The re s' II t s r:08.s'lred b ,'T A J ec troJ"l e trv 0h '1v!S tl1 r) t the 10c::11 c om 1')1"8 s ­
sive st1"ess a t 1 0rtdin,rJ' rtnex Rnr~lG8 i s r:re:1te1" t havt t fl r ' t {-], t 1~ he cep­
t Gr of snecimen u'1de1" t he r1i "rr01f'!1 10:1r1 rei. ~'he 1" ef()1"e , the com­
nressive 9tr~" in in a lI Qe!'''''l r jJ' {'" :loi::1:s 'in '{ - Q:zi,. ~l 1"e (liQt r i1!lüed 
non - uniformly , bu t th e d5. s tr".b' lt ion of t e'" silo ."'1:r"< i n n.re fi nDrox j, ­
rn,fl te t o llni form (sh01:Jn in "'irr . 3a) . The cor:mrn~-;8ive stnün ,;:'nr:l 
ter' sile str n.in '1. t the ceY' ter o :n vml1 8,re '- ~ lvm~Ts w 1 YinlllTI for nl1 
po i n t s of X- a xis and t hnt eV8nesce to ze r o when t owar d t he ho t h 
end s of X-~xi ;: , nn rl the cUst1"i ""lt ior' of t h ese 'i tr !'J i n t2ke the Shf~T1C 
of tr inr.. g'u. 1 ar • It 1" aV he d ednced fr')): -t: he "'tr e.s ~ - str ,r. ir] curve 
(sho'..JD in ~~ip . 3b ) thflt the r '"1t io ~Y) / Lpt ( in ~'!h ic h ()nis nr incinal 
compre ss i ve stress Rnd Tpt is nri:: c5. Dal te''' sUe str ess in thc 'üa­
c~o r. a1 sec tion) be 2 .9 nroxim8 t ely ( c hnrn in Pi,r" . 3c ) , there r~re 
compr essive .s tr~in i n fOllr 1 ": t 0r::ü f':ces of the snecin,en nw l the 
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81) 8 C ir:1en ,ri th elec trica1 
re si:"'tnnce str!'ün JTHll{"es , 

-~~.'Y--r--;t'------r--7"- -7"-+---'X, th e snecimen size 80yQOz1 9cm 
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bni l t vli t h 21 :S- ? brick 2nd 
fm=50kr:/cm2 mort a r. 



c; tr1in eV~=":'le:'ice to Z0r O from the l onrtin r'" 8neX an{':le,CO) tOlvard both 
p' 11d s of :~ -8-x i s of 1tg~ ll (the 8_ V(~r ~ {'"e V :~lHe,S ' 'i.re 8}Jnroximnte to 
a~livalant hetweG~ one c mlnle of ~ trotcher f a ces nn d one crnlnle of 
he3der f :1CGS moft s llr'é'.d lly rtüü ( 1"811{'"0 ) . 

r~ variotv of hr icI\: '!nd s Tle cimen 117 i t h di ff E.~ront cha r flc t eristies has 
tho same nronorties i.n i ts ?' tress - str" in cnrvcs 1I111on the normal com­
')r e.'18ive s tro s,c; õ., i 3 zero (shown i n H'ig . 4 nn n H'i,a: . 5) . That i3 to 
:") 8Y , the r ::lt io of comnre ssive st r r:i " Evt o te r:sile ' str!linEHa t the 
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c en t e r of wall is approx i mA tely a cons t an t, varin~ ~enerally in t he 
ran{';e of 0 . ') 5--0 . 45 ( in the lie-,h t of the st::1ti.s tic s on 53 specimens , 
the ave r ape value i s 0 . 354 and the c oeffic i en t of variation Cy i s 
0 . 21 ) • l!hen the diagOl"-al 1 oad i s less t han 0 . 5 Pd.p , vlhere Pd.p is 
diap onnl failltre load , a lin e ar r elationshin c an be t aken for t h e 
cl18nge of the str a in , an rl the residuRl eleforP.lati on is very small 
under the re neated loaelinp . AlI l necimens dama~ed i n t h e s t enped 
joints al onf'.' diagonal lin e when the tensile str "l in rea.ched m8x i mum 
a t t he cen ter of wall . As s hovm in Fi ES ' 6 , the f a ilnre nRtterns 
are mai n l y d ivorc ed when mo r t a r s tre ngth i s 10wer , or t en d t o 
spl i t with the in crea s in~ of F artar stre ~ pth And crack i n p i s un­
discovered llntil the sDecimen f ailllre (A mong the 275 specimens 
counted the f ail'lTe trace through ri iagonal line t ake 88~~) . Ac­
cordine; to the s t a ti3tic s on 28 specimens ( i n cl'ld i np; square and 
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r e c t a nf1_11ar nlan e) which mad e of 2I·~ ;) - 2 hr ick rmel morta r wi th com­
nressive str~;nf:th 50 k .r~/cm2, th e a v e r age v a l ue of she a r modul us of 
e l a.s t i city of ma s onry G i3 22 200 ke/cm2- ( 0.v =0 .1 27) ,,,hen the load 
i 3 0 . 435 Pdp , anel the aver age v Rlue of modulus of elas ticity E on 
13 prisms In i d b,V S81ne grou n mortar i s 62630 kg/ cm2- ( Cv =0.09 ) • 
Th'.1s , the '''roxiJT1ate r Rt io G/}~ mRy be : 

G = 0 035 E 

~Jhen an axüü load i s npplied, a n ini tüll comnre s sive strRi~ Eyo ap­
pe a r on e a c h ax i s of wal l Rt the SArna time Rnd e~lal t o e ~ch other. 
wh e n Evo 'Nas ne[';lected, the curve sho'lm in Fig . 7 nearly coincide 
"'i th t hat shown in Fig . 4 And the averap:e v a l ue o f G of 16 sneci­
i1~ ens is 22 130 k g/ cm 2 (Cv =0 o 07) whi('h a r e eqna l to tha t of G vlhen 
~ =0 . BeCRu s e of the axial lO Rd i s s ma ll (õ. ==1"'6 05 kf,/ cm2-), a lI 

specimens fRilur e without presAp:e a t t he maximum tensil e s tra in or 
the principal tensile s tresso The effect of vertica l lOAel on the 
speciman i s the s ame that o f the nrecompressive load was subjected 
by the s pecimen. It lessens the DrincipRl tens i l e stress in sec-
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Fig 7 Strain curve s when <S;; =3 . 5 a nd 5 . 5 k g /cm 2 for specimen 
size 80x80x19cm buil t wi th 2HS-2 br i ck and f YYl =5 0 
k g/cm2 mortar. 

tion, tha t i s , the shear str ength incr ease. 

3 . 2 I n fluence Factors on the Pr incipal Tensile s tren g th of the 
Hason r y . 

Complyin g 1-, i th the nrovisions of Seismic nesign Code for Industrial 
an el Civil B lilelings TJ11-78, the r a cking shear s tre np,t h of brick 
mas onry fvk ma.'! be c alculated hy following formula: 

in which: Principal t ensile s trength of th e 
According Code GEJ 3-73, t ake the 
strength in bed joints of ma~onry 

f - 1 

f HK = 0.4 Fm ( ~f-- ) 
m 

( 1 ) 

mas onry ( kp;/ cm 2 ). 
value of shear 
f HK ' i.e. 

( 2) 

f m = IV[ortar compress ive s trength ( kg/cm:? ). 

~ = Axia l comnre ssive 8tre .~s (kg/cm2 ). 

V/hen <r,; = o in ghe formula (1), fvk = fpt , i. e. the pr incipal ten­
sile s treng th fpt may he approxim8.tely expressed by the r a cking 
shea r s trenp;th fvk while 6,; = o. The v a lue can be determined by 
diagonal compression tests without axial loael and may be obtained 
by following s: 

, 0.707 Pdn For square plane: f vk = bt ________ (3) 
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, 
For rectanG1J.lar plane: f vk ________ (4) 

, 
\:lhere: f vk = The me asu.red vallle of racking shear s trenrr.th 

wts onry (vrhen<\=o, f;k = f~ ) (kg/cm2-). 

Pdp = Dia~onal load a t the failure ( kg ) 

of the 

b ,c -::: Len gth of specimen (b=c for square plr-me) (em). 
t = Thicknes8 of specimen (em) . 

The re mllts indicate tha t the principal tensile streng th of the 
masonry denends on the tangential adherence at the i n terface of 
mor t ar and br ick , increas ing with mortar com~res~ive stren g t h . 
Because o f the suff icient filling joints 8nd the 8ufficient wet­
ting bricks , thc test values of the nrincipal tensile s trenFt h of 
masonr y on 270 snecimens are 2 . 8 times as larr-e as the calcula ted 
V'l.l llQS fpt from the formula (2 ) (shown in Table 1) and the te s t 
points are plotted in Fig . 8 . On the contrary, if wetting brick 

Tnble 1 Surnrna.ry of Prin cipal Te ns il e s treneth in j\:asonry 

* ComFressi ve Mean Númbe.r Principal tensile stren9th in ml{sonrl 
stret1~th C\.~e. 

No. 
( Kjt ... l) of Te ste d. Coeffí c.i ent Ca.I cu late&. ROI.tio : 

BricK Mortar iPt- 0+ va.ri ~t íon 
+~ te.sted f~ Cv 

f~ f~ (da.y.s ) spec.lmen ('o/crJ) (%) ( KXt>f) LaJe. f-rt 

Vertica.!ly perforC\tecl brie-k.s (2M5 -2 in the l'l1l{in) 
1 234 50 87 6 73 -- 2 .77 2.6S" 

2 249 5"5.7 87 85 8,29 0. 157 2.91 2.8S 

3 191-311 50.' 142. 30 8.62 D,I28 2 .7S 3.
'
3 

4 255" 1)0 29 3 8.31 -- 2.77 3. 
No. 1 -4 meC\l1s 1)4 98 124 8.32- 0,153 2 .86 2.91 

5 311 11.4 124 4 2.98 -- 123 2.42 

6 3 11 21 . 126 7 5".37 0 .08 1,73 3. 1 

7 2.39 35, 74 27 5".09 0,166 227 2.24 

8 206~305" 44. 1 129 20 7·3 0.1 0 7 2.52 2,9 

9 255"-'3 11 74 . 135" 7 10 ,72 0,1 3.34 "3,21 

10 239 102. BI 4 8.98 -- 4. 2.24 

11 239 195 84 7 12 .19 0.114 s;54- 2 .2 

meC\115 200 - - - 2,788 (CV"O,I 

12 263 19·3 75 10 5.7 9 0,189 1.67 3.47 
13 180-302 ')2- /25 14 6 .19 0.24 2'ól 2 .27 

14 263 84. )S 4 12.25 -- 3,62- 3.45 
15" 30L 83,7 111 3 11 .39 -- 3.62 3.1S" 

85) 

meC\.n.:s 31 - -- - 2-.9 (cv-:.-o.27) 

Hor i zontC\lIy perfoY'(À-recl brick5 

16 174 I 37 99 7 3.77 0.15"6 2.37 159 

17 133~L36:4 100 63 4 10.64 -- 3.96 2.69 

18 174 2.17 127 14 10 ,14 0.227 5:8/ 1·74 
19 174 204 lOS 14 11.14 0 , 152 558 2.. 

Yl1€CLn5 39 -- -- -- 1·9 CCv=o.24) 
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, 
* Sv o f vnri~ty groups of f b is 0 . 1 6.-vü . 27, r;v of t h e F o . 2 Rnd 

No . 3 o f f is 0 .1 8 5 nnd 0 .1 9 6 res 0ect ive lv . m 

50 /00 /50 

1" i p: 8 The re]Rt i onshin he t ween th e 1r i nc innl t ensile stren~th 
of the masonry ~ nd mortnr s trenpt h. ' 

is insuffic i en t , or f illin .rr join t ,s i ~ i n 8uffic :tem t or l, oth exi~ t, 
the c ornnr essivc s trenr:t h o f t he Dé'cSOnry f K is less red1wed , bnt tho 
nrin cipal t en,sile s tren e;th frt 8n d shear ~ tr emrrth in bed jOil'l t S f tik 
should be r ecll1ced s i {'n ific e'~ t1y A" Sh()HD i n ';'8 b18 2 . 

TnJüe 2 Tho \ffe ct of ;';xt en t of '!e tt i np Jlr i c k" fmd 7i11ing 
Jo i n ts on t he :' trenp:t h of Lason ry 

c..haracteristic Morto.r Compress ive stren.')th Pr il'l C i pal tensi le stren9th 5hear 5trerl~th in bed 

of spe.ti men rt-refljtl of rnC\.son? of l1'l~SOI1? joints of trll\50n ? 

Age Extent of E"tent Tested. Clllc. RtttiO: Num, 1estea RatiO: Re4uced Num. Tested Rai ia: ReJuced 
fillin9 joints of 

tes.f:K ed<:lys wettín f~ of .~ percen- of 
pe.Ycen-

<. ';lo) f -v t" f;t tO-je f:K iJ.,.je. 
Horiz. Vert ic. bricks m K f K roJc.fpt Ctl(c '~K 

joint joint (%) eX,l) (~..f) ("..~) 
~r-i C%,;) l%) 

SpeCI . 
c%n (%) 

-- - --_ .. 

138 ~IOO ;::::;100 ~IOO 52.6 6')·7 61 .9 1.06 4 8,98 3)5 - 3 6.52 2; 29 -

S ~5 ;::::85 ~ \oo 52.8 )') . \ 620 0.89 4 6.6S 2.33 2 6 3 4.68 ' .64 28 

145 ~,oa ~oo <:60 5f·7 52.3 62.7 Q83 4 3.84 1.31 58 2 2.04- 0.7 70 

28 ~Ioo ~loO ~oo so - - - 3 8.31 3.0 - 2 5'.68 2 0 ) -

~Io() ~()() ~IOO 59 3 3,42 1.13 62- 5' 4°7 1.3.f 34 
110 adherent 

- - -

) ;::::(00 50-60 x60 ó!i - - - 3 ],69 1.16 6\ 2 3.64 1.15 44 

~,oo :::::..100 <:3S 58 - - - 3 3,02 1.01 66 1 0 .9 0.3 8S 

30 ~80 ~c <35 38 - - - '3 1.57 0.65 78 1 0.93 0.39 81 

* The s a tura ted wa t e r a b s ornti on i s 1 8 ~19~ by weight of dry brick. 
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D,e sicle , the rwnl i tu r ] e o ,p t ho ~')rj)1 (' i n:-> 1 to n c' i -: (' :'t1'on c tll fpt i n -
crGasinr: \ i th flp:e i ,c, J8,r ,0'o r t hnn th'~ t 01" th0 r;o r" ~ : ___ ' w~" iv (' :'trC' ,,.,'th 
f / . t" +1 1 " "- C> ~ h . (>, ., ;l.J ' • -{' ' K , ld l L1 ln ,, 1e ,_ l JTl, J,v 'S O:L ,; o SJ_;o;r; C) ' ' r.eK "1'"',< f1.H'1r: 1"é' l011 (),: "')0 -

c i men (e . rr • CJ i (l e~ ra tio Fl.re O. C) , í ' . 7r:. , 1 . O , 1 . h c: tc . 0 Y}r'l "lr.~ "('le"(' ­
n eSE) 3 ",-,,1 0) nl1 t r:ü:: o no e,r-fecti o1" t o f pt n otr"C'Jy . '111en rnort"T 
str en{l'th :f~l r 10\~' er t hn.11 the brtc k c-,tronrth , thr: efEc:c t of tl-,o 
bric1-c c::; t rer:p:t h c '111 bo ne f-" 18ct Ad . 

3 . 3 Tho re ~ll t ~ (shown in ~nblc 3) initc~tcd th8 t r8 c k i n" shear 
s trer. ,rr th of rr,as onr,)T f~k i 8 i n CrN'lc-ed \I.'i t 11 +: hc? nxtr:1 r;on nre~isive 
s trc ss <\ anrl cons i i or.'ll; ly coir ('i.rle:-- p ith "110 c :::<lcll1~ l tcd '1.' , ' 1 11 8 f K 
fro~ for~11n (1 ) ( t he 8V 8r~~e r 0 tio f~ / f K i" C. 9fS nn f 3 s~ec ~ ­
men s , ( C v = () . 1 60 ) • 

M(lrtQr Principal tensiLe I AX,QL R<\ck',n3 .shear 5tret1gth in m~sonr'y 
(o",pre5S't~E stress stren3th ~ornrressive J t 
str€n~h f pt stress NWílbe.r 1ested Coeff. of! (a.lculLlt Ra.tio: 

, vanQtion 
Number iested of 1I I 

f~ ,! of value Õo , f;k II CV fVK 1:esteafI< 
co.lc. -f K 

i speti merl I specl men I I v 

Brick 

type 

(KYcm2 ) i (KYCJ'l'n (~m2) 1 (KXm2) ~ cra> (K?{"f) i 
- ---------+-1 - --+----+---.-:... _ I • : _ -__ ____ --+i ---

55.4 : 40 9,03 ~~_~31~l:6 1
0 .14 i 0,918 

'--! ___ . __ -+ _____ ' _,S_'_~~, 9.89 1 0,095 1/ .04 I 0,896 

515 • 1 I 1 __ . _ 4,~,-+_-=- S,63 I 0,8 
, 2 I 9 6,24 -L 0, 161 6.07 , 1,03 

--i---- -'-'- _ __ .?J_ ~- 4 : 6.98 L- 6,67 i LOS 

34 i 4 3.74 2. ! .3 , 5,47~ - . 4-. 63 I 1.18 
! 4 ! 1 I 7-45' I - : 5, 38 11 f, 38 

_ __ .L---_ ___ _ 1-- ' ,- - ------------f------ '--r--------t--- ----1,---

'" 195' ;1 3 12 ,8 :5' I ~ --+1:-·I~ ,.~:--t- = :1 ::' : I : .. ~ 
1; - I i i 
I 19.3 I 5' 4 ,9 , 3 ~3.3B ~ I ~.~ =! 5.8/ I : :~: 

2MS-2 
34 7 

2MS-1 

Sol i d. bri ck 
·- -'::.--r 

_____ -11_ 1_00_ +-__ :_~.3S" i J~~~,_2--+--'--6 , -2---l--.--+---+-1.-'4-
Horirontct//y+-I' _3_7_+--_4 __ +- 4, '7 i '3,) 1 3 4,66 - 0,83 

J 100 6 I 3~ 3,) I 2 10,98 - 0,88 
perforated. briC[ 2;0 2. ,~~_~Jf--_)'-~-_ .-6-5--+--4--+-'-'-5-Ó-+---+---+-o-.84-

lotc;\.L 83 
0.965' 

(ev ::.0.168 ) 

3. 4 Th e dAta indic 0 te thAt f~ ts 4S~ lqrp~r than f~K or 80, due 
to the vert i c n 1. joints bon d 1v i th c::n C' f i cie Yl t fi1] in.'" (th e ra tio fHK / 
fpt =0 . 689 , in 1!J'h i.ch 8v =0 . 2 on 7 4 E)',ec i mcns , a.9 shmm in r !~ ahJJ; ~) . 
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Compyessive Compr'o stren~th Principal tensile Shear stren9th 
stv-en~th cf mo..sonrl st ren~th of rnl\SO~ 

·Ra.tio : 
',n bed. joints 

Ra.tio: 
B-rick 

No. Brick Morta.l' Númber Te.stecl Number Tested. 
f~ 

Number Tested. f:K type of of I of f:K f~ f~ f~ fpt f{ç fpt 

(Ko/cnf) ( Ko/c.m2
) 

prism 
(t<~n12 ) 

specimen 
( f<o/Ut12

) 

prism 
(~m2) 

I 1 249 58.21 8 63.3 8 7.93 
0.124 - --

! ( Cy=O.l27 

2 249 55. 6 i 24 5"1 .2 4 0 9.03 0.176 3'3 5. 73 0.63 

3 31 1 11.4 ! 3 42.4 4 2.98 0 .07 4 257 0.86 

4 311 I 19.3 3 52.3 4 5.3 
, 

0 .1 I 2 1 3.57 0.67 

5 3\1 i 23.0 3 I 54.1 3 55 0.1 4 i 3.98 0.72 
2MS-2 

6 311 52.6 I 3 65.7 4 8.98 0.14 3 6.52 0.73 

7 311 67.5 '3 11 . 1 13 9.04. 0.127 6 5·98 0.66 

8 311 J 5'4.6 3 80.7 3 10.17 I 0. 13 2- 7. 19 0.71 

9 255 1 88., , 3 845 4 11.16 0.13 3 6.75 0.6 

10 191 60.0 3 61.9 4 9.2 0.15 3 4.86 0.53 

2MS-1 
11 258 37.7 3 47.3 6 8.01 0.17 2 S.13 0.64 

12. 258 65.8 3 ,95 4 7.52 0.13 - - -

Other vertical ~ 13 305 47.2 3 73.7 4- 7.21 0.1 - - -

14 206 39.3 3 52.6 4- 6.72 0.1) - - -

perfomteJ bric~ 15 214 29.1 3 45.7 4 7.77 0.17 '3 
: 5".17 0.66 

16 302 . 47.5 3 81.2 6 6.0 0.07 4- 4.29 0.72 

SoliJ. brick 17 302 83.7 3 119.3 3 11.4 0.1 '3 6.58 0.58 

18 180 s05 3 68.3 4 7.68 0.11 2 5.28 0.69 

0.121 0.689 
Toto..L 74 -

(C,,"'0.2 ) ((.;=0.2 ) , .1 ~T "~ -Pot e 1. On 1y tho fpt ClT, r} f
k 

of l O. 1 1dh " ch l~ (ll lected c ome 

f rom o!' e 8nd the ;j:~f'> e c'noc ir~,cn i1n d others~re come 

f r om h JO k t no cmGc i nons t l10 t n:)rl.e h ,V ?w-e mort8r. 

2 '1' '"' f I ~ -'l f ' O-P.L 011 fT, .. O'lÍ'S r' rí? oir e ct í? c1 c orp. e fr om 
- ' .L11 8 -HI,r , cru : p t 

one ~n~ ~~re snec iFcn . 
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Ac c ordinf: to the st.8, t t I, t l.CS on ':>6 ,~Y'O'1 0 é'no c ilYJen ,c: , the p.vor apo 
rntio f~ /f~ iA 0 . 121 (Cv =O. 2) , ~o that the nrj n ciY)al ten ~i l e 
stren rr th 3hou1 d be ap 'iroxim8 tel,v c 8lcn 18.tod h,Y tho c orrrnre ~s i'/e 
stror:p.-th of masonry. 

The rmv mRtGri'll of hol l01<.J ror '; d: i .') ri "" f: llt'UT: 'lJ ,..,,, tic cl n'y mi,nGr nl 
\<111ich contninA "r i th mRin cOrTInonor.t o:;" ;11i te 8nn. "one o'~ f r eo qun r tz . 
In order to imnrove the (l.r.vi .n~0' tch:!viollr'=1n r) to r~ c o'1omize fuel , i t 
admix indllstrü1.l dre gé3 (e. p . cinder , pn:iplO , 81ar,; , etc . ) 1'lith the 
remanont c~llorific valuo 1400---2000 kC8. l** nor kiloPT8m liy 15"'1 S'~ ir. 
VOlllmG . The nroced'lre in proc1llctioll i8 extr u.c:i'.::m nnd ; ,p t'lrr>l dr;; ­
ine: an d fi rinrr fl t Rbou t 950 0r; in Ho:fr::8n kiln . The tot "'l cnerr:v 
con ,c;urn.ntion of 'Iro r1uct i ,c; 37,}v390 kC81 nGr kilor-rfl m (i . e . 1 . 55 """ 
1 • 63 L J /kg , incl'ldin{,: fuel 8nd electric po v18 r ) , in Hh j_ ch 75"' 2Q'b is 
sunnlied hy the :4re ,9"s , t h::lt i s , tho flct ' lrrll oncr,~T consumntion of 
nrod ~tc t is (:i0~1 00 kc ~ü nGr kilopT nD (i . e . o . 33", n . t 2 T, J/kp:) . 

5 . A PPLICi\TIOl~ JF p,nI {;I~ 

The nrincipal 8dv:~nta,,:es \-l ith llSC; of r'Oc1'l1nr hollNT 0rick Rre : 
(1) The size of moduln r lJrick i s r.wl G fr()m th o bn8ic r1O(111l "1 r o:Z 
buildi ng system 100 mm (m:l.k i ng n sip:n 1";0' H :o ==1 00 rrun) , it hns 
grea t benefi t t o nr ac tice arc i1i tec tl lr nl st"' nri.'lrrl 1.zn ti on in COr:1 -
J)ari son with s;8,ndard brick ( 2 ~ Ox115y53mm) that orirrina te s from 
125 mm of modul a r svstem . 

(2) AlI of the nr 0rl ' lc t s of ;. o s:vstGm , 2I·~ ) \vith lenlTt(l Rnd width 
21'1 0 is taken as a special exarnnlG , all r'l.imons- i o'l 2nI~ o in the 8.r­
c hi tecturnl pl nDe c an be cU visi hl o b.'7 2I~ o [mr} when (2n - 1 ) I'·~ o di ­
vide by 21<0 , the remainder 1]\co C8n ohtni.n . IIen ce nnder coo-:ler a ­
tion of H 1'3 , "ITe c onstruct the COT'ler, T -~'T aJ l , cr0 8s'il!'1.11 , hnttro.ss , 
c olumn 8 nc1 ot hor gr ad ed 10 cm ench j,D ivnll thi.ckn~ss , ioJithout C'lt­
out brick or few transverse hrllf cut t i,np' of 11'.:1 i s neoded . Eriek­
la,ver like this charac t eristic Rnd i ts p.lOrle ra t e 'dO t rJ'h t. 

(3) Tak inp hollow brick wqll with t h iekn eS8 9 , 15 , 19 anrl 2q em 
in stead of the s t andard sol i d hrick wall with thickn oss 11 .5, 2 4 
and 36 . 5 cm r espectively, the waJl we i.fTh t r"ay decrease 20~2570 anel 
con s trnction cos t n.ecrease 1 0~1 Z-;; anri l ayinr- efficioncy increa,se 
25", 30% per square metre of blild i n". ~rea , anr'l tho total ener,"Y Ce)l1 -
sumption (includ i n,o- manufa cture , tran snota ti. on flnri con:=' trlH~t i. on) 
will economize abollt 2afo or so . 

6. COHCUTSI on 

Accordinr: to the C'lrrent code , the comn'lt a tion of comnres.cüve 
stren~th anel the verifica ti on of RSGismA t1c s trenBth of wall with 
vertica lly perfora ted brick may be feasihle and s8fely . The ser­
vice pro pertie s of the ' metric modular hollo\" brick i s satisfact or y 
a nd mee t the needs of the a rchitectura l s t andardi zation and have 
the advr1.ntages of economizinp; ener py nnd imnrov1ng economical bene­
fit of construction. In the seismic area nermitted t o mak e u s e of 

the solid brick wall by the cu rren t code, i t a l !'1o h rwe a hrip;h t 
future as the same anti-seismic stens a re a do nt ed. ~lt, we have 
less kno\vledge in the dynamic behav iour of the non -reinforced and 
reinforced metric modular hollow bric1\: mAson r y . It 1 8 a i mnortan t 
problem to be researched furth er. 

Note** SI Interna t ional mea,"luren un i ts: 1 Kcal = 4.186 x 10-3IiIJ • 
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