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ABSTRACT

Based on the experimental research of 670 compressive

prisms and 380 shear panels of the metric modular hollow
brick masonry, this paper gives the compressive strength,
racking shear strength, shear strength in bed joints,
elastic modulus and shear modulus of metric modular hollow
brick masonry. By using these data and the relative
calculation formulae in the current design code for the
masonry structures, the strength of compressive member

and shearing member of these brick masonry has been
evaluated. The safety for the evaluated strength of
those members has been checked by the present experiment,
and it s conformed with the requirement of the current
design code for masonry structures. The application and
the production of these bricks are also introduced in this

paper.
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The compressive strength of the rsross area of vertically nerforated
brick 20.3 with the true density 1745 ke /173, 24-h cold water absorp-
tion 18~197% and corins 20~26% is hetween 150~200 kg/em® *¥¥in which
the coefficient of variation O,is 0.18~0.26. Throngh tests on 670
nrisms under axial or eccentric load and others (the results are
shown in Tig. 2), the comnressive commitation of masonry comnonent
may be calculated in accordins with Desisrm Code of llasonry GBJI3-73.
Because standard compressive test method of hollow hrick is
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different from that of so0lid standard hrick nd other effects exist,
it is suggested thoat the comnressive ~trenctl: take the calenlating
strenrth of the code multinied by a reduetion factor 0.9 is safety
(the factor Q0.f to the horizontally »erforated brick masonry appro-—
nriately).

3. FEWAR ATRTTGTH OF THY MASOHRY

Throneh shenr test on 380 =anecimens which were bnuilt with solid
standard brick ond with eight kinds of vertically and horizontally

- . . [ 9_
NMote** 31 Internation mea~ured units: 1 Mpa= 10 ke/em”™.
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nerforated bricks in which coring is 20~287% and 33~44% resncctively.
By using diagonal comnressive method and shear tent method alone the
bed joint, the results are shown in following.

2.1 TDNDeformation Pronerties =2nd Tajilure ! echanism of the “mneciren

The resilts measured b electrometry shows thot the local comnres-—
gsive stress at loading anex angles is egreater than that a2t the cen-
ter of snecimen under the di~ronnl lo2d Ty« Therefore, the com-
nressive strain in 211 meammrirg nointa on Y-axis are distributed
non-uniformly, but the distribution of tensile strain are anproxi-
mate to uniform (shown in Tig. 32)s The comnreasive strain and
tensile strain 2t the cernter of wall are =2lwavs maximim for =11
noints of ¥Y-axis and that evanesce to zers when toward the hoth
ends of X-axis, and the distritution of these ~train take the shsane
of triangular. It may he deduced from the =tress-stre=in curve
(shown in ¥ip. 3b) that the ratio 5%/T¢t(in whichOnis nrincinal
compressive stress and Tptis nrineipal tersile stress in the dia-
~onal section) be 2.9 nroximately (chown in Tir. 3c), there are
compressive strain in four lao2teral faces of the snecimen and the
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Tir 3 The trvnierl Adistribution
str2ain curve of one front
(a. Y-axir, be. {-axis) and
four lateral faces (c¢) of
snecimen with electrical
resistance ctrain rsanges,
the snecimen size 80x80z19cm
iilt with 21.3-2 brick and
f,=50ke/cm?® mortar.
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strain evanesce to zero from the londins arex angles toward hoth
ends of Z-oxis of w21l (the averare volues are annroximate to
comivalent between one counle of stretcher faces nnd one counle of
header faces measnred hy dial gange).

Aovariety of brick and sneeimen with Adifferent characteristies has
the same »ronerties in ite stress-stroin curves when the normal com-
nressive stress 6, is zero (shown in Tig. 4 »ond Fie. 5)e That is to
59y, the ratio of comnressive strair €, to tensile strain £4at the
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center of wall is anproximately a constant, varing generally in the
range of 0.75~0.45 (in the light of the statistics on 53 specimens,
the average value is 0.354 and the coefficient of variation O, is
0.21). Yhen the diagonal load is less than 0.5 Pdp s where P4p is
diaconal failure load, a linear relationshin can be taken for the
chancge of the strain, and the residusal deformation is very small
under the reneated londing. 411 ‘necimens damaged in the stenped
joints along diagonal line when the tensile strain reached maximum
at the center of wall. As shown in Fig. 6, the failure natterns
are mainly divorced when mortar strength is lower, or tend to

split with the increasing of rortar stre-gth and cracking is un-
discovered until the svecimen failure (omong the 275 specimens
counted the failnre trace through diagonal line take 88%). Ac-
cording to the statistics on 28 specimens (including square and
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(3) 2MS Bnck, Yec'tanjulur Plane 't:l96m ) 6%MH; t= q, ”.5, 15cm

Fig 6 Pailure natterns of snecimen

rectanenlar nlane) which made of 2IiS-2 brick and mortar with com-
nressive strength 50 k~/cm2, the average value of shear modulus of
elasticity of masonry G is 22200 kg/em? (1,=0.127) when the load
is 0.435 Pap 4, and the average value of modulus of elasticity E on
13 prisms laid by same groun mortar is 62630 kg/em* (C,=0.C9).
Thus, the ~roximate ratio G/B may be:

lhen an axial load is apnlied, an initial comnressive strair &yo ap-
pear on each axis of wall at the same time and equal to ezch other.
when €, was neglected, the curve shown in Fig. 7 nearly coincide
with that shown in Fig. 4 and the average value of G of 16 sneci-
mens is 22130 kg/em? (Cy =0.07) which are equal to that of G when
0,=0. Because of the axial load is small (6, =1~6.5 kg/cm?), all
specimens failure without presage at the maximum tensile strain or
the principal tensile stress. The effect of vertical load on the
specimen is the same that of the nrecompressive load was subjected
by the snecimen. It lessens the nrincipal tensile stress in sec-
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tion, that is, the shear strength increase.

3.2 Influence IFactors on the Principal Tensile Strength of the
Masonryv.

Complying with the provisions of Seismic Design Code for Industrial

and Civil Bnildings TJ11-78, the racking shear strenesth of brick
masonry f,x may be calculated by following formula:

G,
fs & T 1+ —— (1)
vk pt\/ fpt

in which: f %
P According Code GBJ 3-73, take the value of shear
strength in bed joints of masonry fuk » i.ee

m = 0«4 | T,

Mortar compressive strength (kg/em?).

)
Il

) (2)

},.-b
il

6, = Axial comvressive stress (kg/cm?)

When 6, = o in ghe formula (1), fuk = fpt » i.e. the prineipal ten-
sile strength fpr may be approximately expressed by the racking
shear strength fyuk while 6, = o. The value can be determined by
diagonal compression tests without axial load and may be obtained
by followings:

g 0.707 P

For square plane: f . = dp (3)
vk bt

862
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n

' “dp

For rectangular plane: f‘ =
kTt o2 4 o2 (4)

1
here: f K = The measured value of racking shear strencth of the
v masonry (wheng,=o0, fix = fﬁt ) (ke/cm?).

Pdp = Diagonal load at the failure (kg)
byc = Length of specimen (b=c for square plane) (cm).
% = Thickness of specimen (cm).

The results indicate that the principal tensile strength of the
masonry depends on the tangential adherence at the interface of
mortar and brick, increasing with mortar comnres~ive strength.
Because of the sufficient filling joints and the =sufficient wet-
ting bricks, the test values of the nrirncipal tensile strength of
masonry on 270 specimens are 2.8 times as larre as the calculated
valiues fpt from the formula (2) (shown in Table 1) and the test
noints are plotted in FFig. 8. On the contrary, if wetting brick

Table 1 “ummary of Principal Tensile Strength in lasonry

¥Compressive | Mean |Number | Principal tensile strength in masonry
S‘L’rensfh age
No. (% O{' Tested Coefficient| Cal culated Ratio :
g arialion 7
Brick |Mortar ’f[/yt of \/CY\‘/QT 'FPt teste +
ﬂ; -I:r/n (days) |specimen| (wyg,2) %) Cn) calc. —th
Vertically perforated bricks (2MS -2 in the main)
1 234 50 87 6 7.3 2.77 2.65
2 249 55.7 87 85 8.29 o.!57 2.9I 285
3 191~ 311 50.1 142 30 8.62 6,128 275 313
4 255 50 29 3 83! 277 3.
No.1-4 means 54 o8 124 8.32 0.53 286 29]
5 3t 114 124 4 298 .23 242
6 311 2. 126 7 537 0.08 1.73 3.1
7 239 35. 74 27 5.09 0.166 227 224
8 206~305 | 44, 129 20 7.3 0.107 252 29
9 255 ~311 74. 135 7 10.72 o. 334 3,21
10 239 02. 8l 4 8.98 4. 224
11 239 195 84 7 1219 o.114 554 2.2
means 200 = S — 2788 (cy=0185)
Solid standard brick
12 263 19.3 75 1o 5.79 o.189 1.67 3,47
13 180~302| 52. 125 14 6.39 0.24 28| 2.27
14 263 84. 55 4 1225 362 348
15 302 83.7 11 3 11.39 _ 362 315
means 31 . = === 29 (c¢,=027)
HorizonTally perforated bricks
16 174 37 99 7 377 0.156 2.37 1.59
17  |133~1364] 100 63 4 (0.64 3.96 2.69
18 174 217 127 14 1o, 14 6,227 5.8l 1. 74
19 174 204 105 14 11.14 o0.152 558 2.
means 39 _ —— 1.9 (Cy=024)
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is insufficient, or filling joints is insufficient or hoth exist,
the compressive sirength of the masonry ff< is less reduced, but the
principal tensile strength fpt and shear strenpsth in bed joints fik
should be rednuced sipnificertly as shown in Table 2.

Tabhle 2 The “ffect of Tixtent of "etting Rricks and Filling
Joints on the “trength of lasonry

Characteristic  |Mortor Compressive strength| Principal Tensile strength | Shear strength in bed
of specimen s‘trenjﬁ of masonry of mAasonry jo'm-ts . masonty

Age | Extent of |Extenl] Tested| Calc. |Ratio: [Nam.| Tested| Ratio: | Reduced |Num. | Tested] Ratio:| Reduced
4 ‘H|||'n9 jOiﬂtS of . ) ) , on
(days) (%) weﬂ'm: p ar Fo | 4 ) tes,f! percen-| o —f/ e S.‘FHK per
. w P A jﬂK K | £ jcp‘c ¥ HK [cal Tﬂje
Horiz. [Vertic | bricks 'fK . ml&fpt ‘ Cac.{'HK
speci spect.
joint | joint | (%) |(5%?) (X2 (%) e %2 (%) pe g A (%)
138 |x |00 [xj00|x(00|526 |65.7 | 619 [ 106 | 4 [898|3)5 | — | 3 |652(229| —
5 |85 |=85 |xl00|528 |55.1 620|089 |4 | 665233 26 |3 468|164 | 28
145 |xloo | xloo | <60 55.7 | 523 | 627 | 083 |4 | 384 [1.31 | 58 2 [204 | 07 | 70
28 |=xloo [xloO(xj00 | 50 | — | — | — | 3 | 83) | 3.0 — | 2 |568]|205| —
200 |RAOO X (00 . |
mo adherent 2 3342|113 | 62 5 1407135 | 34
§ |xt1oo|s0~60|x60 | 65 | — | — | — |3 | 369 [116| 61 | 2 |364|115| 44
xloo |xloo|<35 |58 | — | — | — [ 3 [302 |10l | 66 | 1 |09]|03 |85
30 |x80 [s0=094 <35 |38 | — | — | — | 3 | 157 065] 78 1 1093|039 81

* The saturated water absorntion i=s 18~19% by weight of dry brick.
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Beside, the amnlitude of the »rinecinrecl tensile strencth f;t in-
creasing with age is larser than thot of the cornressive otren~th
fk s within the limits of the size of hrick ~nd dimenrion of sne-
cimen (e.s. sides ratio are 2.5, .75, 1.0, 1.5 ete. ond slerder-
ness 3~10) nall take no effection to fpt notaklv. 'Then mortar
strengsth far lower than the brick otrencth, the effeoct of the
brick atrencth ¢an be ne~lected.

3.3 The resilte (shown in Mable 3} indie~ted that rackine shear
strercsth of masonry fik is increased with the axinl comnreasive

stress 6, and considerahly coircides with *he calenlnted volue fg
from forrmla (1) (*he average ratio £k /fK is C«9€5 mm 3 sneci-
nens, (Cy = C.163).

Table 3 The Tested Talues of Tackings "hesar Ttrens~th in lLasorry

Mortar Principal tensile [Axial chk]ns shear jty-ength | masonry
compressive Stress strength  compressive

| _
B i ! STYeﬂgth _ff:t StY'GSS Numbey‘ Tes‘ted COQ‘H:. O'f’ Calcu[aTeJ RQT;O'.
ric \ |
' variafion
'tyPe Number TQSted 0'{: ‘ {_,
7 i / .tes'ted v
-Fm of | value o, | Cv va m"
aspedmen ) specimen , . | - Tk
("%m®) | %) . (Yntt ("%m :’ (%) (X%f)|
ey 503 35 24 93] | 0,136 10_121 l 0.918
| ' 5.5 2 989 | 0095 11.04 | 0896
2MS-2 1 1 448 | — 563 o8
34 7 515 2 9 624 | 06l 607 | (03
___“3.5 B 4 6.98 = 6.67 | 105
| 2 | 47 | —
34 | 4 374 | 3 5.47 | - 4.63 1.18
2MS-1 | o4 ) 74— 538 | 138
495 3 2.8 2 | 2 1297 | — 11378 | 0%
| 3.5 2 134 | — | 1444 | 091
' 2 3 7.7 — 58| 133
L 193 |
Solid brick * o . 3~338| 2 8.0 — ! 63 .27
{00 2 1235 | 3~§ 2 16,2 | — | 142 | 114
Horizoritally | 37 4 4,17 | 38 3 460 o 566 | 08>
100 | B35 5 10.98 — 12.52 0.88
: $ 26 11.0 |
Perﬂ)mtedbnd' 200 N__va_’fo.f 4 11,56 — 1372 | o
0965
Total 83 e = (¢ =0.168)

3.4 The data indicnte that f;t is 4575 1arper than fix or so, due
to the vertical joints bond with sufficient filline (the ratio fix /
fpt =0.689, in which 0,=0.2 on 74 s»ecimens, a5 shown in Table 4).
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) ) ) )
Tahle 4 The Tested Results of Tatio fnt/fk and fﬂk/fnt
ComFressif:/e Compr-. strength PrincipaL{‘)tensile Shear strengih
strengl of masonr strength son. ~ |in bed joints
S m )’ S ren9 ol Masol Ra-ho: n J Ra't;'o:
Brick No Brick [Mortar [Number| Tesled |Number| Tested Y Number| Tested ¥
tpe | ¢ gl oo [SED v
/ 0 ’ 0 ; g A /
£ £ fi ot | 41 fux | ft
pﬂsm sﬁﬂmm pﬁsm
("% ("Yent®) (K%n) ("%m?) ("%ntt)
0.124 _
1249|582 | 8 | 633 | 8 |79 | ooy — | —
21 249 | 55.6 24 51.2 | 40 9.03 | 0,176 33 573 | 0.63
30311 | 114 | 3 42.4 4 298 | 0.07 4 257 | 086
41 311 19.3 3 | 523 4 53 0.1 2 357 | 0.67
51 311 | 23.0 3 541 3 55 0.1 4 398 | 072
2MS-2
6| 31 52.6 3 65.7 4 898 0.14 3 6.52 0.73
71 31 | 67.5 3 i ] 13 9.04 | 0.27 6 598 | 0.66
8| 31 |54.6 3 80.7 3 1047 | 0.13 2 719 | 0.7
9| 255 | 88.5 3 84.5 4 1116 | 0.3 3 675 | 0.6
0} 191 | go.0 3 61.9 4 9.2 0.15 3 486 | 053
11| 258 37.7 3 47.3 6 8.01 | 0.17 2 513 | 0.64
ZMS-1
12| 258 | 65.8 3 59.5 4 752 | 003 | — — —
Other vertically 13| 305 | 472 \ 3 | 737 | 4 | 721 (o) | — | — | —
14| 206 | 39.3 3 52.6 4 672 | 0,13 | — — -
perfordledbrickd 15 | 214 | 201 | 3 457 | 4 | 777|007 | 3 | 547 | 066
16| 302 .| 475 3 81.2 6 6.0 0.07 4 4.29 0.72
Solid brick [17] 302 | 837 | = |[1193| 3 | 114 | o1 3 | 658 | 058
18| 180 | 50.% 3 68.3 4 7.68 | o1 2 528 | 069
0.121 0.689
Total 74 —
(€,02) ((F02)
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According to the statistics on 26 rroun snecimens, the average
ratio fat /fk is 0.121 (C,=0.2), =0 that the nrincinal ten=ile
strensth should be aprroxim=2tsly crleulated by the comnressive
strength of masonry.

4. NANUPACTURR OF RRICY

The raw materinl of hollow prieck is o wedinm »lostic eclay mineral
which contains with ma2in component of illite and come of frec quartz.
In order to improve the dryins behaviour snd to economize fuel, it
admix industrial dregss (e.ge. cinder, gansie, slag, ete.) with the
remanent calorific value 1400~2000 kecal*¥* ner kilosram bw 15~187 in
volume. The procedure in production is extrusion and naturnl dry-
ing and firine a2t about 950 °C in Hoffman kiln. The tot~"l cnersgy
consumntion of »nroduct is 370~39C kecal ver kilorram (i.e. 1.55~
1.63 1iJ/kgy, inelnding fuel 2nd electric power), in which 75~207 is
sunnlied by the dregs, that is, the netral cnersy consumntion of
product is 30~100 keal ner kilogreon (i.e. 0.33~0.42 1. 3/ke).

5. APPLICATION OF RRICK

The nrincipal advanta~es with use of modnlar hollow brick Aare:
(1) The size of modular brick is made from the basic modul=ar of
building system 100 mm (making 2 sien 1,y 1}, =100 mm), it has
great benefit to nractice architectural stendardization in com-
narison with gandard brick (240x115¥53mm) that origsinates from
125 mm of modular svstem.

(2) All of the nroducts of ¥, svatem, 213 with lenesth and width
2M, is taken as a special examnle, all dimension 2nll, in the ar-
chitectural plane can be divisible by 217, and when (2n-1) M, di-
vide hy 2, , the remainder 1V, can obtoin. Ilence under coonera-
tion of 1M3, we construct the corner, T-wall, crosswall, huttrecss,
column 2nd other graded 10 cm each in wall thickness, without cut-
out brick or few transverse half cuttine of 1.3 is necded. Frick-
laver like this characteristic and its moderate weisht.

(3) Taking hollow brick wall with thickness 9, 15, 19 and 29 cm
instead of the standard solid brick wall with thickness 11.5, 24
and 36.5 em respectively, the wall weirht rmay decrease 20~257% and
construction cost decrease 10~12% and laying efficiency increase
25~30% per square metre of nildins area, and the total energy con-
sumption (ineludings manufacture, transnotation and constriction)
will economize about 20% or so.

6. CONCLUSION

Accordings to the current code, the commitation of comnressive
strength and the verification of ascismetic strength of wall with
vertically perforated brick may be feasible and safely. The ser-
vice properties of the metric modular hollow brick is satisfactory
and meet the needs of the architecturnal standardization and have
the advantages of economizing energy 2nd imnroving economical bene-
fit of construction. 1In the seismic area nermitted to make use of

the solid brick wall by the current code, it also have a brisht
future as the same anti-seismic stens are adonted. But, we have
less knowledge in the dynamic behaviour of the non-reinforced and
reinforced metric modular hollow brick masonrv. It is a imnortant
problem to be researched further.

Note** SI International measured units: 1 Keal = 4.186 x 10_3HJ.
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