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Vsi n g the formulae developed from the theory of p robabi li ty , 
we can get the relation between t h e coefficients of variatio n 
of the compressive stren gt h of units, mortar a nd brickwork. 
lf we h ave these formula e for comput ing compress i ve strength 
of masonry, then the reliability index of a masonry structure 
can be obtained. A series of tests has b ee n ma de for 

comparison. 

index of reli ab ility of atrength. 
mean v 8 lue of re s isting force of s truc ture. 
stanrlard difference of compres sive s treng t h . 
mean value of acting pressure. 
s tandard rli fference of ac ti n8 pressure . 
mean va lue of compressive strength of br i ckwork . 
c oe ffici e nt of v a r j ation of compre s sive s treng t h 
of hrickwork. 
mean va lue of c Gmpress ive s t rength of units 
(bricks or block). 
c oe fficient of v~ riation of compressive st cength of 
units(bricks or block). 
mean value of compressive strength of mortar. 
coefficient of varia tion of compress i ve s treng t !l of 
mortar. 
cha racteristic compressive strength of br i ckwork . 

1. Formulae of Joe fficient of Va riation for Brickworks 

Accord in g t o the regul é1t ions -- 11 The bases f or design of 
structur es Ii ma rle by th e committee of fund ame n t aIs of struc­
tura l d e sign I SO/ TCg8 , the r e li a bilitv of s trnc ture is estab­
lished on the basis of the a nalysis of probab ility a nd to be 
expr essed by the index p. The equat ion for ~alcul ati ng p 
i 8 a s foll ows : 

(I) 
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as are known , the reliabili ty index J3 can be got 
dependen t upon the values ofh and üR • In order to get 6R. , 
a large amount of experiments should be carried out. The 
quantity of masonry specimen for)ZR/6k is usually over 30 
pieces for a single test, and its Slzes are very big. In 
China, the smallest dimension of masonry specirnen 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 variation of brickwork can be found through calculation by 
using the coefficient of variation of units and mortars theo­
retically • The compressive strength of bric~work , 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"Xz,· · ·· ··X ... becomes a function: 

The mathematical expectation for y isE(y), 

Y = ECY) = f(x,; /<z" o •• '"'7.n) 

In which, XI/)(Z o •• • o. Xhare the mean values of XI/XZ/o ... . )<n. 

·:rhe mean square deviation of Y is õ/ which can be obtained 
approximately as follows 

o-:/=ECY-7)L 

( 2) 

(5) 

To evolve the equation)' at X'/)(z" ')(ninto Tayler' s series , 
and take the first item we get following equatton 

(5 ) 

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

2 I"") ~ôy"2 ('2 
Uv ~ 2: C -) O)(.i.. 

./ A.-=-I U)(.i.. m (0 ) 

If equation(6) is used to calcul ~ te the compressive strength 
of the brickwork , we can get the relation between the varia­
tion of units, mortar and brickwork. The index m in equation 
(6) indicates the mean value for Xi to be used. 
According to current Chinese Code for masonry , the formulae 
for compressive strength of brickwork is as follows: 

(7) 
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The formula whieh will be adopted in the revised eode for 
masonry in China is as follows : 

For briekwork, 
fh1 =,.;7; (2 ·/3 rO. O/8Çc) 

For bloeks 20 / height of / 40 
em ~ bloek ~ em 

Ih? = 0./5 -Ih (2./3 f o. 0/8 fc ) 

For height of 
40em ~ bloek ~ 80em 

The formulae s.l.gges ted in China anel in abroad in the doeu­
ments ever published are as follows 

formula (8) 
follows 

fl77 :=: a fbbfcC 

fm = af:7f~· 3 

fm = af:"G fcO.33 

ftn = afbo·'ffco.2 

(13) ean be written in a general form as 

vlhen a=c==t / b==O.5, 0(1==2.13 I cX.2=o.o8 , it turns ou t the 
result as the formula(8), when b=o-7/ C=Q·3, o({=o, 0<2=/ 
it beeomes equa tion(12). 

Apply formula (6) we get 

V~:::::. ( b Vb)z+ ( d C 01..2 f/ f/vc f 
fm 

substitute equation(11) in to e qua tion(6) , then 

V ~ == ( b Vó)2 + ( C V c) 2 

( 8 ) 

( 9) 

(iO) 

(lj) 

(12) 

(/3 ) 

Ulr) 

(5) 

(! '-) 

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

z 
Vm2 =(O.'5Vb/+ (o.o/8feVe) 2 

(2 · /3 To .O/8fc) 
Vm2

:::: (O.7Vb)z+ (0 . 3 Ve)2 

Vrrf== (O.bGVbf+ (0.33 VC)2 

V~:;::. (Q .4Vb)2+CQ . ZVc)Z 
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Substitute equation (7) in to (6) we get 

In whieh 

Vm 2_ CAh Vb)2+ (8.fc VcJ 2 

f~ 

A= o.5Jfh+00 +0.05 / -fI> t 0.1) fc_ 
f b Á/ fb f 60 ih + 00 ) 

b == o · I J f b t- ~o 
fc . 

(2 /) 

We analysis the equation (17) - (21) , we find that in equa­
tion (17) , Vm has no effeet to the eompressive strength fb 
of the briek , but there is elose relation to the strength 
of mortar ~ and the eoeffieient of variation of the briek 
and mortar Vb Vc. In equation (18) to (20) , Vm varies with 
the eoeffieie~t of variation of brie k and mortar , but it 
has no effeet t o the strength of either briek or mortar , but 
in equation (21) , Vm varies with alI the faetorfh, Vln fc and Vc .. 
For the sake of investigating the reliability of these equa­
tions mentioned above, experiments are earried out for eom­
parison. At the same time , the experime~ts on the eoeffieient 
of variation of briekwork and mortar are also made. The dime n­
sion of speeimen and testing results are shown in the table • 
The ratio of height of speeimen to its thiekness will not ex­
eeed 3 • The units eonsist of elay brieks and hollow bloeks • 
The dimension of briek is 24 x 12 x 5.3em. and that of hollow 
bloek kp1 is 24 x 11.5 x gem. , its eavity ratio is 15% ; for 
hollow bloek kp2 is 24 x 18 x 11.5em. , its eavity ratio is 
25%. 

Table 1 shows the results of experiment , Table 2 shows the 
ratio of experimental value to the values ealeulated through 
the equation (10) - (15). We ean find that the results eal­
eulated by equation (10) whieh evolves from equation (8) is 
more favorable , i ts mean value is 1.047 • the coefficient of 
vari a tion is 0.1406. The eoeffieient of variation , caleulnted 
from other equations , are eloser to eaeh other , but the 
mean value deviates greatly. Equation (7) (8) (12) (13)(14) 
are empirieal formulae in which the eoeffieients are seleeted 
so as the values of eompressive strength through ealeulation 
and that through experiments will be elosed to eaeh other , 
without eonsidering the effeet of the eoeffieients of varia­
tion of the strength of units , mortars and brickworks. The 
way of calculating Vm as montioned above t through equations 
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Test 
value 
v~ 

Group 

(1) 

1 0.180 

2 0.169 

3 0.096 

4 0.109 

5 0 .110 

6 0.118 

7 0.100 

, 

COMPARISON OF THE CAI.CULATED VALUES AND THE TEST VALUES FOR THE 
COEFFICIENT OF VARIATION OF COMPRESSIVE STRENGTH OF BRICKWORK 

Table 2 

Calculated values V": VyV ... 
._-- - ---- -

(4) (5) (6) (2) 1(3) 
formula formula formula formula formula (7" 

(1) 
(J, 

( 1 ) 
(~ 

( 1 ) 
(~ 

(1) (8) (7) (12) (13) (14) 

0.1698 0.1715 0.2144 0.2058 0.1241 0.9431 0.9531 1. 1911 1.1438 
0.1519 0.1586 0.1874 0.1818 0.1102 0.8993 0.9387 1.1090 1.0159 

0.1180 0.1426 0.1680 0.1607 0.0974 1.2295 1.4860 1.7500 1.6141 

0.1160 0.1586 0.1132 0.1696 0.1028 1.0650 1.4554 1.5893 1.5561 

0.1263 0.1667 0.1965 0.1':41 0.1176 1.1487 1.5157 1.7861 1.7646 --
0.13'53 O 1 '566 0.190'5 0.1822 O 1104 1 1466 1 .RTI. 1 .614'5 1 . ')441 

0.1177 0.1708 0.1791 0.1748 0.1059 1.1774 1.7080 1.7976 1.7482 

(~ 
( 1 ) 

0.6932 
·0.6520 

1.0146 

0.943 1 

1.0694 

0.93')8 -
1.0595 

8 0.109 0.1264 0.1660 0.1840 0.1767 0.1011 1.1597 1.5236 1.6885 1.6213 ~82_6_ 

9 0.178 0.1427 o. U6.5. 0.20U 0.2016 0.1222 O 8019 0 . .9921 1 nl2 1 1329 10.6866 

10 c9. 132 0.1178 0.1641 0.1889 0.1918 0.1162 1. 3415 1.2433 1.4311 1.4533 ----
II 0.183 0.2307 0.2420 0.3223 0.3149 0.1908 1.2610 1.3229 1.7617 1.7210 

12 0.210 0.2010 0.2469 0.3119 0.3019 0.1830 0.9860 1.1159 1.4854 1.4319 

mean value 1.0972 1.3035 1.5281 1.4894 
-

coefficient of variation 0.1406 0.1835 0.1622 0.1594 - - -- --------- - - -

COMPARISON OF TH~ CALCULATED VALUiS ANO THE TEST VALUSS FOR THE 
COEFFICIENT OF VARIATION OF COMPRESSIVE STRENGTH OF BLOCKMASONRY 

Table 

Test values Calculated values V:" V.:yV~ 
Group Bloek 

type v. V", (2 ) (3) (4 ) :/ :l (1) formula formula formula 
(22)(23) (24)(25) ( 18) ( 1 ) ( 1 ) 

1 height 0.113 0.132 0.1202 0.1186 0.1198 0.9112 0.8988 =20em 

2 " 0.143 0.132 0.1488 0.1521 0.1346 1.1274 1.1375 

3 " 0. 163 0.173 0.1681 0.1711 0.1453 0.9718 0.9893 - - . --- - _. 

4 " 0.101 0 .103 0.1090 0.1060 0.1144 1.0591 1.0296 

5 .. 0.112 0.158 0.1193 0.1176 0.1193 0.1553 0.1443 

6 heig'lt 0.130 0.169 0 .1613 0.1625 0.1279 0.9547 0.9615 -80em -- ---- -- - - - _. - - ------ -- ---------,._ .. _-~-- 1- - -- --

1 " 0.167 0.225 - 0.2045 0.2087 0.1475 0.9093 0.9277 

mean value 0.9555 0.9555 
-- t---. 

coeffieient of varlation 0.1151 0.1175 - ----- _._----- -_ .. _--------_ ... _-
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0.8807 

1.0430 

0.8714 

0.9027 ._-

0.1594 

3 

~ ( 1 ) 

0.9077 

1.0197 

0·.8400 

1. 1111 

0.7554 

0.7573 

0.6556 

0.8687 

0.1719 

-



2. Formu18e of Coefficients of Variation for Blockworks 

For block masonry substitute equation (9) (10) in to (6) , or 
apply equation (15~ directly with coefficient adopted we can 
get 

For block masonry 

For block masonry 

20cm ~ he igh t of L... 40cm 
-.: block --

2 2 (0 .0/8& Vc)2 
"Im == V b + ---------:::­

(2 · /3 + 0.0/8 Fc)2 

height of 
40cm ~ bIock ~ 80cm 

(.22) 

(23) 

Compare equation (17) to equation (22) and (23) we find that 
the second term for right portion are the same /, the only 
difference is the coefficient of Vb2 , which are 0.5,1,1.2 
respectiveIy. It reveals that the strength of masonry is 
directIy infIuenced by the coefficient of variation of com­
pressive strength of units ( bricks or bIocks ). Practical 
caIcuIations show that the vaIue of second term of (22) (23) 
equation is 5% only of the vaIue of the first termo So it 
i3 simpIer to express equation (22) (23) approximately as 
follows : 

Vm == 1·05 Vb 

Vm == J.2G Vb 
(24) 

(25) 

TabIe 3 is the resuIt of experiments of coefficient of varia­
tion of bIock rnasonry. The coefficient of variation of com­
pressive strength of mortars and units is not checked before 
expriment, suppose they are tested before deIivery 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 resuIt 
of caIcuIation of equation (11) is also involved in the tabIe • 
We noticed that both the mean vaIues and coe!ficients of varia­
tion and the equation (22) (23) or (24) (25) are satisfactory. 
The mean vaIue is 0.9555 , coe!ficient of variation is 0.1175 
which is better than that from TabIe 2. 

3. ~uaIity Bquation 

Nowaday , in various design code, the index ,a can not be found 
out directly , it is expressed by the partial safety factor for 
Ioads and materiaIs. When the partial safety factor for Ioads 
and ma teriaIs reaches the vaIue 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 \I~ =0./7 according to current Chinese 
code: 

If we substitute equation (8) and (17) into equation (27)then 
we get equation (28) ' which is in terms of fb/ \!L,/ fc/ Vc 

~(2.13+0018fc)rl-f.(Ó45J(o.5~)2+ (oO/8fc Vc f"l-çfk =072f/77 (28) 
2./3 + 0.0/8 fc J 

or we can write in other form 

(2'1) 

The right portion of the sign of unequa lity is called charac­
teristic value of strength of masonry. When the spicemens of 
bricks and mortars are inspected the value of fc, Vb, rc / 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 Ih and fe are required. Equation (28) and(29) 
can be called as quality equation. 
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