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ABSTRACT Based on the domestic experimental data of 1075 test prisms,
the calculation formula for the compressive strength of
brickwork is proposed. Based on the experimental results
at home and abroad, the influence of the mortar bed joint
thickness and the water absorption of bricks on the com-
pressive strength of brickwork is clarified. This paper
has provided the basis for the further research of
reliability of brick masonry structures, and for definit--
ed standard of the normal quality when the compressive

strength of brickwork is determined.

1. COMPRESSIVE STRENGTH OF BRICKWORK

Mainly based on the statistical gnalysis of the experimental
results, the calculation formula for the compressive strength (f)
of brickwork in the current Chinese Code is determined. The
values (f) calculated by the formula of the sagid code {11 have
been compared with the experimental values (f'). The mean velue
of £f/f' is 0.943 and the coefficient of varigtion is 0.179.

According to the domestic experimental data of 1075 test prisms,
we have analysed and compared relative formulas in Ching and other
countries [2, 3, 4, 5, 6] « The compressive strength of brickwork
may be calculated by the following polynomial formula:

f:a_f1+ bf2+0/f1+d/f2

where

fq = the compressive strength of brick (kPa)

f, = the compressive strength of mortar (kPa) .
The values of a, b, ¢ and d are constant. On the basis of the
statistical results, we get a = 01y b= 0.2, ¢ = 4 and d = 14.

Then
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f = 0.1 %4+ 0.2f5+ 4/F4+ 14,/f, (kPa) (1)

The calculation values (f) by formula (1) have been comrared with
the experimental values (f'). The mean value of £/f' is 0.971 and
the coefficient of variation is 0.136. The formula (1) is closer
to the experimental results than the formula of our current
national code. It is rather simple in computation and it is
convenient to be used. In addition, we derive an gpproximate
formula determining the mean value (fy) and coefficient of varia-
tion () of brickwork, using the average compressive strength of
brick and mortar (fqy and f,) and the coefficient of variation
of brick and mortar (§; and &,) are used as the cardinal quantity.

The formula (1) is developed according to Taylor's series and the
first-order term is only taken. We can transform the compressive
strength of brickwork into the function of the aversgge value of
the compressive strength of brick agnd motar.

Then according to the principle of "Statistics", we get:
fm =O(f1m+pf2m+7' (2)

2 o2 2 2 o2 2
O(f1m + prm + 1

where

2. THE INFLUENCE OF THE MORTAR BED JOINT THICKNESS

When the brickwork is compressed, in the brickwork the tensile
stress, bending stress and shearing stress sre formed, the brick-
work exists in the state of complex stresses. The influence of
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the motar bed joint thickness on the compressive strength of
brickwork is essentiaglly the improving degree of the unadvisable
influence of the said state.

Based on the experimental results in our country [7,8] and in
abroad [9] , the calculation formula of coefficient of the motar
bed joint thickness t (mm) effect on the compressive strength of
brickwork iss

1.4
Vi = 73000 (4)

The calculgted values (?&) by formula (4) have been compared with
the cxperimental values (Y}) (See Fig. 1 and Table 1).
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Based on the experimental results in abroad [9], the calculgtion
formula of the coefficient of the motar bed joint thickness t (mm)
effect on the compressive strength of hollow-brick masonry is:

2

The values (V%b) calculated by formula (5) have been also compared
with the experimental values (W%h) (See Fig. 2 and Teble 2).

The formulas (4) and (5) can numerically determine the degree of
influence of the motar bed joint thickness on the compregsive
strength of brickwork. In order to define the standard of the
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Table 1. The Influence of joint thickness on the compressive

gtrength of brickwork

iﬁig;ness ;giizeiglve »Vt VV; jﬁ;
(mm) (kPa Y+
8.5 6080 1,045 1.060 0,986
8.5 5980 1.045 1.043 1.002
10.0 5740 1.000 1.000 1.000
180 4120 0.946 0.718 1.318
12.0 4610 0.946 0.804 1177
8.5 7750 1045 1. 106 0.945
Ex5 7450 1045 1.063 0.983
10.0 7010 1.000 1.000 1.000
12.0 6180 0.946 0.882 1073
12.0 3730 0¢946 0.532 1. 778
0 29100 1. 400 1.416 0.989
0.51 27240 1372 1.326 1.035
0.51 27720 1.372 1.349 1,017
2% 31720 16332 1.544 0.863
10. 67 20130 0.981 0.980 1.001
10441 21720 04988 1,057 0.935
10.16 19930 0.995 0.970 1.026
10. 41 19380 0.988 0.943 1.048
9.65 20890 1.010 1.017 0.993
10.16 21240 - 04995 1.034 0.962
17.02 15860 0,833 0.2 1.079
16.00 18340 0.854 0.893 0.956
16.51 16890 0.843 0,822 1.026
16,26 21510 0,848 1,047 0.810
17.02 20550 0.833 1.000 0.833
15.75 21930 0.859 1,067 0.805
17.27 17720 0.828 0.862 0.961
25,40 14690 00694 0.715 0.971
25. 40 15790 0.694 0.768 0.904
25, 40 15100 0.694 0.735 0.944
25. 40 13930 0.694 0.678 1,024
megn value 1.014
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Table 2. The Influence of joint thiclmess on the compressive
strength of Hollow-brick masonry

Joint Compressive , '

thickness | strength yth Yth 7 =

(m) (kP2) th
0 37580 2,000 2,037 0,982
0 39780 2,000 2.156 0.928
Cab1 37750 1.902 ?.046 ¢.930
1,02 30680 1.815 1.663 1.091
8489 20480 1.059 1.110 0.954
8.80 18960 1.059 1.028 1,030
£a38 16820 1.088 C.912 1.193
7.87 16960 1119 0.919 1.218
8e13 13100 1103 0.981 1124
T.87 19380 1.119 1.050 1.066
13.72 15890 0.843 0.861 0.979
14448 15260 0817 0827 0.988
14.22 12270 0.826 0.665 1,242
14,48 17440 0.817 0.945 C.864
13. 46 15890 0.853 0.861 0991
13487 16690 0.834 0.905 0.922
25440 7780 0.565 0.422 14339
25440 8650 0.565 0.469 14205
25 40 8650 0«565 0.469 1.205
25440 8490 0.565 04460 1.228
mean value 1.074
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normgl quelity in construction [11] , the mortar bed joint thickness
will be controled in the range of 8 ~11 mm, then the amount of
influence on the compressive strength of brickwork is less than 5%.

3. THE INFLUENCE OF THE WARTER ABSORITION OF BRICKS IN CONSTRUCTION

3.1 The statistical curve of the water absorvtion of bricks in
construction

The water absorption of bricks gre measured in seven regions of
Ching (Chengsha, Teinan, Hofei, Foochow, Chengtu, Kunming and
Shenyang). Based on the measured results [10] , we get the histog-
ram (See Fig. 3) for the water absorption w (%) of bricks. The
mean value is 9.2% and the coefficient of verigtion is 0.617. The
water absorption of bricks in Ching can be accented 29 the normal
digtribution in the ensuring rate of 95%.

Yw

Formula (6)

1.2 ////
g ——%
® 0.8 ) .
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Fig. 3 Frequency distribution PFig. 4 Influence coefficient
curve ’ ‘Yw

2,2 M influence of the woter absorption of bricks on the

compressive strength of brickwork

The seme bricks and the same mortar in provortior are used for the
making of the test prrisms. There are four different velues of the
wgter ebeorption of the bricks, The w of the test prism of the
third tyve is 10.8% (See Table 3). It approesches the mean value

of the water absorption of bhricks in our country. Therefore, we
con take the third type of iriom to be the brickwork that pessesses
the water absorption under the normal construction conditions,
Based on the statistical results, the calculation formulg of the

coefficient of water absorvtion of bricks to the effect on the
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Table 3, The Influence of the water gbhsorption of bricks on

the compreassive strength of brickwork

Ultimate Compressive
| load strength " , ¥5
tyre (1cBo) @ | Yw| Yo | y2
(1N) brick |mortar|brickwork
1187 1240 0.669 | 14196
112.6 1180 0.637 | 1.256
T | 143.2 | 6910 | 3880 | 1490 [C |0.800| 0.804 | 0,995
125.5 1310 0.717 | 1+116
199, 1 2080 1s 122 | 0713
2079 2100 1.133 | 0.854
201.0 2030 1.095 | 0.884
II | 19142 | 6910 | 4300 | 193°  |4.750.968| 1-041 | 04930
1471 1490 0.804 | 1.204
134.4 1360 0.734 | 1319
148, 1 1500 0.809 | 1,197
154.¢ 1740 0.939 | 1,087
i 168.7 6910 2980 1300 10,8 1.021| 1.025 | 0,996
170.6 1920 1.036 | 0,986
203.0 1970 1.063 | 04941
179.5 1740 0,932 | 1.141
153.0 1480 0.800 | 1.339
19542 1890 1.020 | 1,050
v 196.1 6910 4920 1950 20,0{1.,071| 1.052 | 1.018
208.9 2030 1.095 | 0.978
226, 5 2200 1.187 | 0,902
19%.1 1930 1.041 | 1,029
218.7 2120 1.144 | 0.936
mean value

1.046
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comnressive strengt™» of brickwork is:

3
v,vw=o.8‘/—-—_w- (6)

where

w = the water absorption of bricks in construction.
The csleulation values (¥) by formula (6) have been compared with
the erxperimental values (y@) (See Table 3 and Fig. 4).

We can know from formula (6) that when w = 9.2%,1yw = 1.01, when
w=8~10%, Y, = 1.0~1,015, we get Y = 1.0 . In order to define
the standard of the normal quality in cowstruction [11] , the
water absorption of bricks will be controled in the rarnge of

8 ~10%,

4, CONCILUSION

The compressive strength of bhrickwork can be calculated by formula
(1)e The formula Dossesses the characteristics, that is, the
comPitation is simple and the application is also easye.

The coefficient of the mortar bed joint thickness effect on the
compressive strength of brickwork can be calculated by formula (4)
end (5). In order to define the stendard of the normsl quality in
construction, the mortagr bed joint thickness will be controled in

the range of 8~11 (mm).

The coefficient of the water gbsorption of bricks in construction

effeet on the comuressive strength of brickwork cen be calculgted
by formula (6). In order to define the standard of the normal
quality in construction, the wgter absorption of bricks will be
controled in the range of 8 ~10%4.

The research resulte presented in this paper heve been adopted
into "Construction and Acceptance Code of Masonry Engineering
(GBJ 203-83)" and the Resecarch Group of Relisbility of Brick

Masonry Structures of China.
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