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AB S1RACT 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 abroa d, the influence of the mortar bed joint 

thickness and the water absorption of bricks on the com­

pressive strength o f brickwork is clarified. This paper 

has p rovided the basis for the further research of 

reliability of brick masonry structures, and for definit­

ed standard of the normal quality when the compre s sive 

streng th of brickwork i5 determined. 

1. COMI'RESS IV 8 STHENG TH OF BRICKWORK 

fi1 ainly he.sed on t h e s tat i stical analysis of the experimental 

re f3L<1 t R, the calculation formula for the compres sive strength (f) 

of bricKwork in the current Chinese Code is determined. The 

values (f) calculated by the formula of the said code [1] have 

been c om pareri wi th the experimental values (f'). The mean value 

of f/f' is 0.943 and the coefficient of variation is 0.179. 

According to t h 8 dornestic eXl'erirnental data of 1075 test prisms, 

we have analysed and cornpared relat ive formulas in China and other 

c ountr i es [2, 3, 4, 5, 6 ] • 'rhe comr,res sive strength of br:i.ckwork 

may be calcula ted by the following p ol.Y nomial fonnula: 

where 

f 1 = the compres G:i.ve strength of brick (kPa) 

f 2 = t h o comprcs s :i.ve strength of . rnortar (kPa). 

The vEüues of a, b, c and dare conGtant. On the basis of the 

statist i cal res u l ts, we g et a = 0.1, b = 0.2, c = 4 and d = 14. 

rrhen 
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The calculation values (f) by formula (1) have been c ompared wi th 

the experimental values (f'). The mean value of f/f' is 0.971 and 
the c oeffic ient of variation is 0.136. The formula (1) is closer 
to the experimental resul ts th~:Ul the formula of our current 

national code. It is rather simple in cOffiputation end it is 
convenient to be used. In addition, we derive an approximate 

formula determining the mean value (fm) and coefficient of varia­
tion (ó) of brickwork, using the average compressj_ve strength of 

brick and mortar (f1m and f 2m ) and the coefficient of variation 
of brick and mortal' (Ó1 and 62) are used as the cardinal quantity. 

The formula (1) is developed according to Taylor's series and the 

first-order teno is only taken. We can transform the compressive 
strength of brickwork into the flmction of the average value of 

the compresfüve strength of brick a.nd motar. 

Then according to the principIe of "Statistics", we get: 

where 

f} = ri f~m 6~ + (32 f~m ó~ 
ex f 1m + (3 f 2m + 1 

1 c 
2~ 

,N .... 1m 

2. THE INFLUENCE OF THE lViORTAH BED JOINT THICKNESS 

( 3) 

When the brickwork is compressed, in the brickwork the tensile 
stress, bending stress and shearing stress are 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 essentially the improving degree of the unadvisable 

influenc e of the said sta te. 

Based on the experimental results in our country [7,8J and in 

abroad [9J , the ce~cul~tion fo~wula of coefficient of the motar 

hed joint thickness t (mm) effect on the comprcssive strength of 

brickwork ia: 

1.4 
'ft = 1 + 0.04t 

The calculated values (1ft ) by formule (4) have becn compared with 

the experimental values ('I''t) (See Fig. 1 and Tahle 1). 

2.0 
Y;t 1f th 

1 .6 Formula (4) 
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Fig.1 The influence coefficient 

'ft 

O 5 10 15 20 25 

Fig. 2 The influence coefficient 

'fth 

B[~,sed on the experimental rcsul ts in abroad [9], the cEüculation 

f omu..la. of the coefficient of the motar bed joint thickness t (mm) 

effect on the compresf3ive strength of hollow-brick masonry is: 

2 

Y; th = 1 + O. 1 t 

'.rhe values C'fth ) calculE!.ted hy formula (5) have been also compared 

w~" th the cxperiment8~ Véüues (V'th) (See Fig. 2 and TebJ.c 2). 

The formulas (4) and (5) can numerically dntermine the degree of 

iJ:1.flur.mce of the motar bed joint thickness on the cOLUI1ressive 

strength of brj_ckwork. In order to definf' thc stand"lrd of the 
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Table 1. Th e I :nflllonco of joint t h iclL'I1oss on tho comprossive 
strength of brickwork 

Joint C o.2' pres s ive 
'ft 'f~ 'ft thickness strenrth 

(mm) (ld'a 'fi 
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 
12.0 4120 0.946 0.718 1.318 
12.0 4610 0.946 0.804 1.177 

8.5 7750 1.045 1.106 0.945 
8 .5 7450 1.045 1.063 0.983 

10.0 7010 1.000 1.000 1.000 
12.0 6180 0.946 0.882 1.073 
12.0 3730 0. 946 0.532 1.778 

O 29100 1.400 1.416 0.989 
0.51 27240 1.372 1.326 1.035 
0.51 27720 1.372 1.349 1.017 
1.27 31720 1.332 1.544 0.863 

10.67 20130 0.981 0.980 1.001 
10.41 21720 0.988 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 0.995 1.034 0.962 
- -

17.02 15860 0.833 0.772 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. 8 10 
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 0. 694 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 

mean value 1.014 
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Tablc 2. Th e Influence Df joint thich1esS on thc COl:llpress::i_"I!e 

streng th of H 011 ow-brick n'2.sonry 

Joint Compressive 

Y';h 
'/Itr: t h i c#;ness strength 'fi th -( :rlJn) ( kPnJ Y'~h 

O 37580 2.000 2.037 0.982 

O 39780 2.000 2.1 56 0.928 

n.51 37750 1.902 ?046 0 . 930 

1.02 30 680 1. 8 15 1. 663 1.091 

8.89 20480 1.059 1.110 0 . 954 

8 .Rg 18960 1.059 1.028 1.030 

8.38 16820 1. 088 0. 912 1.193 

7.87 16960 1.11 ~ 0.919 1.218 

8 . "13 18 1nO 1.103 0 .981 1. "124 

7. 87 19380 1.119 1.050 1. 066 

13.72 15890 0.8 43 0.861 0.97 9 

14.48 1CJ260 0 .817 0. 827 0.988 

14.22 12270 0 . 826 0.665 1. ~42 

14. 4~ 17440 0.8 17 0.945 0.864 

13 ,,4(; 15890 0 . 853 0.861 0.991 

13.87 16690 0.834 0.905 0.922 

25.40 7780 0.565 0.422 1.339 

25.40 8650 0.565 0.46~ 1. 205 

25.40 8650 0 .565 0.469 1. 205 

25.40 8490 0.565 0.460 1.228 
. _. ' -

me2.n value 1.074 
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no:rrnal quality in constrll.ction [11], the mortar bed joint tllicknesa 

will be controled in the range of 8 ""'11 mm., then the amou.nt of 

influence OIl the compressive strength of brickwork ia 1ess than 5%,. 

3. THE UfFLUENCE OF THE WARTER AB:=iORIJTlON OF mnCKS lI'{ CONSTRUCTION 

3.1 The stati stj.cal curve of the wa ter absor.ption of bricks in 

construction 

'rhe water ebsorptioIl of bricks are me(~.sl)red in seven rAgions of 

Chine. (Che,ngshFl., Tsinan, Hofei, Foochow, Chengtu, Kunming and 

ShenYl3.ng). Based on thc TIlp.e.sured rosul ts (101 , we get the histog-­

rRrn (See Fig. 3) for tho water absorption w (%) of bricka.. The 

mean value is 9.2)1: and. the coefficient of ve.rj.ation is 0.617. The 

wFl.ter absorption of bricks in Chi!1B. can be acceIltp.<1 fI.e the normal 

cl:i.st.rib\ltion in tb.c ~t18urj_ne rate of 95%. 

0.30 Theoretic P ormu.l8, (6) 

>, 1.2 
o 
~ >, 0.20 eaaured 0.8 Q) +> • g. '.-I 

m 
Q) ~ 
M Q) 0.4 

1!&4 rO 

vt{:. wf., 

O 5 15 25 O 5 10 15 20 

Fig. 3 Frequcncy distribution Fig. 4 Influcnce coefficient 

curve fw 
3.2 rpl,c :i_nfJt1~n('<3 of the lN 'r d ;er absorption of bricks on the 

comprossivc Dtrcngth of brickvvork 

'rhc S81ne bricks and thc Dr:lme morte.r in proIlort:i.OT' are used. for the 

"Ila.k:i.ns of the tp.st rr:i.sms. Therc are four diffcrent V D.ltlC8 of the 

watcr ebEorption of the bricks. '1lhe W of the test rrism of tho 

third type :is 10.81, (See ':CabIe 3). lt aPl)ro?chcs the rreE~n value 

of th~ water abEorption of hri0~A in our country. Therefore, we 

C!J,.r. t?Y.:e the third t y pe oi l·riam to be the bricklJ'lork that possüsses 

toe water absorption ltYlder the n()Y."'l.1:~l const.ruction conéU..tions. 

Based on the statistical rosul ts, the calculation forml:U-s. of the 

coeff icient of wat~r absorption of bricks to the eff~ct on the 
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Tablc 3. The I~Sluence of the wate~ a0Gorption of bricks on 
the compreosive etrength of brickwork 

Ultimate Cornpressive 

1JJ. load strength 
w 

y;~ 'rype (kPa) (%) fw 'f' 
Vi 

(kN) [brick mortar brickwor1< 
.. 

118.7 1240 0.669 1 .. 196 

112.8 1180 0.637 1.256 

I 143.2 6910 3880 1490 O 0 .. 800 0.804 0,,995 

125.5 1310 0.717 1.116 

199.1 2080 1.122 0.713 

207.9 2100 1.133 0.854 

201.0 2030 1.095 0. 88 4 

11 191.2 6910 4300 1930 4.75 0.968 1.041 0.930 

147.1 1490 0.804 1.204 

134.4 13fiO 0.734 1.319 

148.1 1500 0.809 1.197 

.154.9 1740 0.939 1.087 

111 168.7 6910 2980 1300 10.8 1.021 1.0?5 0.996 

170. 6 1920 1.036 0.986 
- -, - ~ 

203.0 1970 1.0fi3 0.941 

179.5 1740 0.939 1.141 

153.0 1 A80 0.800 1.339 

195.2 1890 1.0?O 1.050 

Dl 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 

199.1 1930 1.041 1.029 

218.7 2120 1.144 0.936 

mean value 1.046 
--
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c om-~)rl)ssi ve strengt~·, of br:Lckwor'k is: 

where 

2rw = 0.8 -
10 

w = the water absorption of bricks in construction. 

( 6) 

'I~hc c6.1~111a tion values (1fw) hy f O r!'1ul c. (6) have been compared wi th 

the experimental values (t~) (S ee Ta.bl e 3 and Fie. 4). 

Ne Cr:m know from formula (6) that when w = 9.2%, 'fw = 1.01, when 

w == 8"'-'10%, "fw -= 1.0""'1 .. 015, we get 'fw == 1.0. In arder to define 

the stA.l1d<:.!.rd of the normal quality in co"'struction [11) , t-he 

wtl.ter absorljtion of bricIcs will he c oYl.troled in the ran~c of 

8 '" 1 0'1:' . 

4. CONCI,USION 

'rhe comr.;ref3G:.h rc strength of hrj.ckwork ean be ealeulated by formula 

(1). Thc formula possesses thc charaete:cisties, that is, t.ha 

eomr'l.l.tation is simI-'le and the al)lilieation is also easy. 

The coefficient of the mortar bcd joint thicknesG effeet on the 

eompressiv9 strength of briekwork Can be caleulated by fonnula (4) 

8nd (5). In order to define the standard of the n0!'!!1.9.1 qlleJity in 

construc t:ion, the mortar bed joint thiekness will be eontroled in 

the range of 8'"'-'11 (mm). 

The coefficient of thc water absorrJtion of bricks in construction 

(>ffc>c t on the e orrYjressive strength of brickwork CE'.n be calcu:lated 

by frn"mula (6). In arder to rlefine the standard of the no!'mcl 

quality in construetion, t.he water abf1orption of bricka will be 

e ontroled in the range of 8",-, 10%. 

The rCf:learch resul te prcsented in this Pa.per h[.ve boon adopted 

in"to "Construction and f\.ccnptaIlce Code of J'lja8onry Engineoring 

(GBJ 203-83)" and the RcsoErch Group of Reliabili ty of Brick 

Masonr:y S true tures of China. 
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