THE RELATION BETWEEN THE COEFFICIENTS OF VARIATION OF THE COMPRESSIVE
STRENGTHS OF UNITS, MORTAR AND BRICKWORK

XU BINGHAU Chief Engineer
QIAN YILIANG Senior Engineer .
Northeastern Architectural Design Institute, National Technical Committee

for Masonry Standards, Nanhu, Shenyang, China.

ABSTRACT Using the formulae developed from the theory of probability,
we can get the relation between the coefficients of variation
of the compressive strength of units, mortar and brickwork.
1f we have these formulae for computing compressive strength
of masonry, then the reliability index of a masonry structure
can be obtained. A series of tests has been made for

comparison.

Legends:

g = index of reliability of strength.

A - mean value of resisting force of structure.

R = standard difference of compressive strength.

s = mean value of acting pressure.

s - standard difference of acting pressure.

frm ~ mean value of compressive strength of brickwork.

Vi = ccefficient of variation of compressive strength
of brickwork.

fo - mean value of cocmprescsive strength of units
(bricks or block).

/R coefficient of v=riation of compressive stiength of
units(bricks or block).

f - mean value of compressive strength of mortar.

Ve = coefficient of variation of compressive strengta of
mortar.

- characteristic compressive strength of brickwork.

1. Formulae of Joefficient of Variation for Brickworks

According to the regulations —— " The bases for design of
structures " made by the committee of fundamentals of struc-
tural design ISO/TC98 , the reliabilitv of structure is estab-
lished on the basis of the analysis of probability and to be
expressed by the indeX'p . The equation for calculating g

is as follows :
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When {{s, U5 are known , the reliability index 5Z can be got
dependent upon the values of 4 and 0p . In order to get (g ,

a large amount of experiments should be carried out. The
quantity of masonry specimen forAQQJGE is usually over 30
pieces for a single test, and its sizes are very big. In
China, the smallest dimension of masonry specimen required
for test is 24 x 37 x 70 cms. Futhermore, there are various
kinds of bricks and mortars , then their combinations will be
numerous. So the works for making experiments are tedious and
difficult. This paper suggests that through the formulae we
have already had on the principal of probability , we can find
out the relations between the coefficients of variation of
compressive strength of units , mortars and brickworks , So
the veriation of brickwork can be found through calculation by
using the coefficient of variation of units and mortars theo-
retically . The compressive strength of bricxkwork , we get in
this way , is much simpler than the same result through nu-
merous experiments.

By mathematical statistics and theory of probability , we know
that the independent variables X,,X,, - - X» becomes a function:

=F(X, Xz, Xa) 2)

The mathematical expectation for Y is £<(Yy),
Y=EY)= (X, Ko - Kon) (3)

In which, X,, X5-----. Xnare the mean values of x,, X, - .
The mean square deviation of Y is 6} which can be obtalned
approximately as follows :

6y =E(Y-T)? )

To evolve the equation y at X;, Xz -xX,into Tayler's series ,
and take the first item we get following equation :

Y=Ff(X,, Xz 7,7)+Z( ) (X=X ) (5)

to substitute ¥ and ¥ in equations (3) (5) into equation(4)
after adjustment we get

Gy = (fay) 6x: %)

Ox. m

If equation(6) is used to calculate the compressive strength
of the brickwork , we can get the relation between the varia-
tion of units, mortar and brickwork. The index 7 in equation
(6) indicates the mean value for X: to be used.

According to current Chinese Code for masonry , the formulae
for compressive strength of brickwork is as follows:

=01 fp + 02 Fc IafF4+60 7)
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The formula which will be adopted in the revised code for
masonry in China is as follows

For brickwork,

Frm =,/g, (213+0-0/8fc) (8)
height of
For blocks 20em £ 1100k £ 40cm
Fon =0.15 4 (2:13+0.0/8Fc) ©)
height of
For 40cm L Ylook £ 80cm
Frm=0.08Fs(2/13+00I8f<) 00)

The formulae suggested in China and in abroad in the docu-
ments ever published are as follows

Fm =3 fplfs D

fm=afs’fS? (/12)

Fro= b 232 /3)

fm=afs 42 (14)
formula (8) - (13) can be written in a general form as

follows

ﬁn=i3ﬁ$QXI+C12ﬁf)
when 3=cCc =1, b=0.5, Al=2./3 , A2=0.08 , it turns out the

result as the formula(8), when j=07,C=03, X/[=0, X2=/
it becomes equation(12).

Apply formula (6) we get

b rc
Vifi= (b V3 )2y (delifefoll i

substitute equation(11) into equation(6) , then
Vs = (b Ve ) (CVe)?

substitute (8) (12) (13) (14) into the equation (15) and (16)
in order, then we get :

. 2, (0018 Vef
Vm- = (0.5Vb )+ (2_,3+o.0/5;fc)2
vm2= (O-7Vb)2+ (o-3 \/c)?.
Vi = (0.66 Vp)*+ (033 Ve)?

V2= CO4Vp)*+(0.2Vec)?
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Substitute equation (7) into (6) we get

V2 (Afs \/b);+2( BfeVe)®

(21)

In which

A=05[16+60 L5065/ F6 +0 <,
f fy + 0O F d

b b + 6O

b——:o‘!J?{b;@O

We analysis the equation (17) - (21) , we find that in equa-
tion (17) , Vm has no effect to the compressive strength f,
of the brick , but there is close relation to the strength

of mortar f. and the coefficient of variation of the brick

and mortar V, \, . In equation (18) to (20) , \/, varies with
the coefficient of variation of brick and mortar , but it

has no effect to the strength of either brick or mortar , but
in equation (21) , V,, varies with all the factor £, v}, fo and V¢,
For the sake of investigating the reliability of these’ equa-
tions mentioned above, experiments are carried out for com-
parison. At the same time , the experimeants on the coefficient
of variation of brickwork and mortar are also made. The dimen-
sion of specimen and testing results are shown in the table .
The ratio of height of specimen to its thickness will not ex-
ceed 3 . The units consist of clay bricks and hollow blocks .
The dimension of brick is 24 x 12 x 5.3cm. and that of hollow
block kpl is 24 x 11.5 x 9cm. , its cavity ratio is 15% ; for
ho;low block kp2 is 24 x 18 x 11.5cm. , its cavity ratio is
25%

Table 1 shows the results of experiment , Table 2 shows the
ratio of experimental value to the values calculated through
the equation (10) - (15). We can find that the results cal-
culated by equation (10) which evolves from equation (8) is
more favorable , its mean value is 1.047 . the coefficient of
variation is 0.1406. The coefficient of variation , calculated
from other equations , are closer to each other , but the
mean value deviates greatly . Equation (7) (8) (12) (13)(14)
are empirical formulae in which the coefficients are selected
so as the values of compressive strength through calculation
and that through experiments will be closed to each other ,
without considering the effect of the coefficients of varia-
tion of the strength of units , mortars and brickworks. The
way of calculating V), as montioned above , through equations
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COMPARISON OF THE CALCULATED VALUES AND THE TEST VALUES FCR THE
COEFFICIENT OF VARIATION OF COMPRESSIVE STRENGTH OF BRICKWORK

Table 2

Test - .
value Calculated values V., V"/vm
A\
Group (3) (4) (5) (6)
2 (2) (3) (4) (5) (6)
(1) fo(rm)ula formula| formula formula| formula (1) A ) 4) /1 ) 4)
(8) (7) (12) | (13) (14)
1 0.180| 0.1698| 0.1715(0.2144 {0.2058 | 0.1247 | 0.9437| 0.9531{ 1.1911[1.1438 |0.6932
2 0.169| 0.1519| 0.1586(0.1874 [0.1818 [0.1102 | 0.8993 | 0.9387| 1.1090|1.0759 |0.6520
3 0.096 | 0.1180| 0.1426[/0.1680 |0.1607 | 0.0974 | 1.2295| 1.4860| 1.7500(1.6741 | 1.0146
4 0.109| 0.1160| 0.1586[/0.1732 |0.1696 | 0.1028 | 1.0650| 1.4554| 1.5893|1.5561 | 0.9431
5 0.110| 0.1263| 0.1667/0.1965 |0.1941 | 0.1176 | 1.1487| 1.5157| 1.7867|1.7646 | 1.0694
6 0.118] 0.1353| 0,1566/0.1905 |0.1822 | 0,1104 | 1,1466] 1.3273] 1.6145[/1.5441 |0.9358
7 0.100| 0.1177| 0.1708{0.1797 10.1748 [ 0.1059 | 1.1774| 1.7080| 1.7976|1.7482 | 1.0595
8 0.109 ! 0.1264| 0.1660/0.1840 [0.1767 |0.1071 | 1.1597| 1.5236| 1.6885[1.6213 |[0.9826
9 0.178| 0.1427| 0.1765/0.2013 |0.2016 | 0.1222 | 0,8019] 0,9921] 1,1312[/1,1329 |0.6866
10 [0.132| 0.1778| 0.1641]0.1889 | 0.1918 [ 0.1162 | 1.3475| 1.2433| 1.4317/1.4533 | 0.8807
11 [0.183| 0.2307| 0.2420([0.3223 |0.3149 [ 0.1908 | 1.2610| 1.3229| 1.7617|1.7210 | 1.0430
12 |0.210] 0.2070| 0.2469/0.3119 | 0.3019 | 0.1830 ] 0.9860| 1.1759| 1.4854|1.4379 |0.8714
meER Waltic 1.0972| 1.3035| 1.5281|1.4894 |0.9027
o . coefficient of variation 0.1406| 0.1835] 0.1622]0.1594 |0.1594
COMPARISON OF THZ CALCULATED VALUZS AND THE TEST VALUSS FOR THE
COEFFICIENT OF VARIATION OF COMPRESSIVE STRENGTH OF BLOCKMASONRY
Table 3
Test values Calculated values V,, V':'/Vm
Block
G
FOUP | type Ve Vim (2) (3) (4) (2) (3) (4
(1) formula formula formula / / )
(22)(23) | (24)(25) (18) (1) (1) (1)
1| DS38Rt 10,113 [0.132 | 0.1202 | o0.1186 |0.1198 | 0.9112 | 0.8988 | 0.9077
2 " 0.143 | 0.132 | 0.1488 0.1521 0.1346 1.1274 1.1375 1.0197
3 " 0.163 | 0.173 | 0.1681 0.1 714 0.1453 0.9718 0.9893 0.8400
4 " 0.101 | 0.103 | 0.1090 0.1060 0.1144 1.0591 1.0296 1.1111
5 " 0.112 |0.158 | 0.1193 0.1176 0.1193 0.7553 0.7443 0.7554
6 fgég;t 0.130 | 0.169 [ 0.1613 0.1625 0.1279 0.9547 0.9615 0.7573
.1 " 0.167 | 0.225 | 0.2045 0.2087 0.1475 0.9093 0.9277 | 0.6556
mean value 0.9555 0.9555 0.8687
e coefficient of variation 0.1151 0.1175 C.1719
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2. Formulae of Coefficients of Variation for Blockworks

For block masonry substitute equation (9) (10) into (6) , or
apply equation (155 directly with coefficient adopted we can

get
For block masonry 20cm < Eiég{:t of < 40cm
For block masonry 40cm éggiéggt ot £ 80cm
Vii=(1-2 V) + C( ? /ilfo%\l/;)fi 52 @3)

Compare equation (17) to equation (22) and (231,we find that
the second term for right portion are the same ’, the only
difference 1is the coefficient of‘»@z, which are 0.5,1,1.2
respectively. It reveals that the strength of masonry is
directly influenced by the coefficient of variation of com-
pressive strength of units ( bricks or blocks ). Practical
calculations show that the value of second term of (22) (23%)
equation is 5% only of the value of the first term. So it
is simpler to express equation (22) (23) approximately as

follows
Vm =105V, (28

\/m =/26\Vs (25)
Table 3 is the result of experiments of coefficient of varia-
tion of block masonry. The coefficient of variation of com-
pressive strength of mortars and units is not checked before
expriment, suppose they are tested before delivery from the
factory. The dimension of the units consist two types, the
small size is 39 x 19 x 19cm with cavity of 50%. The medi-
mum size is 120 x 80 x 20cm with cavity of 60%. The result
of calculation of equation (11) is also involved in the table .
We noticed that both the mean values and coefficients of varia-
tion and the equation (22) (23) or (24) (25) are satisfactory.
- The mean value is 0.9555 , coefficient of variation is 0.1175
which is better than that from Table 2.

3. Quality Bquation

Nowaday , in various design code, the index # can not be found
out directly , it is expressed by the partial safety factor for
loads and materials. When the partial safety factor for loads

and materials reaches the value predetermined , it can be recog-
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nized the reliability index is satisfactory. The strength of
brickwork under inspection should fulfil the formula given
below, in which Vi =o.17 according to current Chinese
code:

Ale(1=1645Vm ) >Fu=(l-1-645Vm) fn=072F» (27)

If we substitute equation (8) and (17) into equation (27)then
we get equation (28) which is in terms of /4, \j A, Ve ¢

s (21310018f) (1~ 1- 645 J©OSW+ LZEEL T fe=a72f, (289

or we can write in other form
/:(f-b,\/b,ﬁ:,vc)z Fu =O-72 Fm 292

The right portion of the sign of unequality is called charac-
teristic value of strength of masonry. wWhen the spicemens of
bricks and mortars are inspected the value of A Vy, Ac, Vc
are already known and we will find out whether the formula
(29) is satisfactory or not . In general , the variation of
strength of unit or mortar is dependent upon the workmanship,
which can be qualified beforehand . So , only the numerious
investigations on 7/ and 7c are required. Equation (28) and(29)
can be called as quality equation.
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