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The Calculation of the Load-bearing Capacity of Brick 
Masonry with Reinforced Network Subject to Compression 

CHEN XINGZHI and SHI CHUXIAN 
Dept . of C. E . • Hunan University, Changsha. Hunan, China 

Abstruct - Basêd on the theoritical analysis of the experimental 
results af more than 160 test urisms, this paper g ives a compre­
hensive discussion of the compressive behavior of brick masonry 
with different ratio af reinforcement and varied eccentricity of 
loading . By using the urotability based limit states design me­
thods . the reliability- of the brickwork with reinforced net sub­
ject to compression is calibrated. Thus the calculation af tr.is 
type af brickwork canstruction is further perfected. 

1. INTRODUCTION 
The laboratory research work done as descr ibed in this paper is 

proposed by the Revision Group of our "National Design Code for Ma­
sonry structures" for t h e purpose of revising th e said code . In th i s 
report the strength characteristics of the brickwork with reinforced 
net is clarif i ed and new calculation formulae witr explainations for 
brickwork with reinforced nét supject . to co~pression are established 
in the revised national code. Further . on t h e basis of revision of 
the existing calculation formulae and according to t.he theory of the 
protability based limit states design, the resistance factor in t he 
expression for the design of coefficient of separate terms i5 pro­
posed. 

2. TESTS AliD RESULTS 
No.75 bricks with No.25 and No . 50 mortars are used for the making 

of the test prisms . Cold drawn ~·4 low carbon steel wire nets are ho­
rizontally placed in the mortar joints of the prisms from one t.o five 
layers of tricks apart. Ten different volume ratios of reinforcement 
(f) are used in two sizes of prisms: 24xJ7x72 cm. and )7x49xtOO em. 

When the teRt nrisms were comnressed. the first series of cracks 
soon appeared. followed by more cracks and finally the test prisms 
failed. The ratio of the load producing the first series of cracks 
to the ultimate load is about 0.50 to 0 . 86 t the average value is 0.67 
whenl' = 0.067 - 0 . ))4% . the load producing the first series of cracks 
is higher than the same pri sm but without reinforcement . when the 
value of ~ = 0.)55 - 2.0% the ratio is decreased to 0.)7 - 0 .59 
(average = 0.47), in this case, the load nroducing the first series 
of cracks i5 much lower than prisms without reinforcement . 

A part of the test results of prisms subject to axial and eccen­
tric compressive stresses are tabulated in Table 1 and Table 2 (where 
eo beine t he eccentricity. y being the d istance between the centroi d 
of the section and the less compressed side of the prism) . 

) . THE CALCULATION OF THE LOAD-BEARING CAPACITY 
When the brickwork is subjected to vertical compressive load ver­

tical as well as transversal deformations a re produced . When a certain 
amount of reinforced network is placeo horizontally in the mortar 
joints of the brickwork. the transversal deformation of the latter is 
then restrained due to the combined acti on of the two materiaIs . th us 



the compressive strenEth of the brickwork is increased. It may be 
said that this is the fundamental working characteristics of the brick 
masonry with reinforced network. 

1 .1 . Axial Compression 

Under the action of the compressive force N on the brickwork with 
re inforced net as shown in Fig.t, the vertical deformat ion is e =~/E I 

and based on the Poisson I s ratioÃ = f,r/é' then the corresponding tran­
s versal deformation of the prism isêll =O"n/E =J\O"/E. Thu s Cf,. is like the 
pressure of a liquid acting on the walls of the prism as diagrammati­
cally shown in Fig.l and produces axial tension Zaand Zb within the 
prism which are resisted by the transversal reinforcement in the prism . 

According to "Strengt h of N:ateria ls": 

Z~: 6~b Sg Zb : cr; a Sg 

The total tensile strength is: 

When the network is made of wires with cross sectional area equal 
to a" and strength equal to R" the size of t he square opening equal 
t o C, and the vertical distance between the network equal to Sg I the 
to tal tensile strength which can be sustained by the transversal rein­
f orcement is 

As (1) 

( ~g ag + gg ag ) Rg == %:- ( b + a) Rg 

( 2). therefore: ~- a. R 
u - 71. c, Sg g 

By transformation we get: t )J. 
Cf - 271. 100 Rg , wh ere fA : 

20., 

Cg Sg 

(2 ) 

(J) 

100 • 

Based on our "National design code of reinforced concrete struc ­
tures " (TJ10 - 74). letl\: 0 .25. then cr: ftôRgThis value of cr is the 
increased strength of the brickwork after the placement of the trans­
versal reinforcement in comparison with those without reinforcement. 
Le t R be the strength of the latter,thenC1=.!1R, Thus the streneth 
of the brickwork with reinforced net subject to axial compression is 

Rp =. R +ÁR == R + ::0 Rg (4) 

and the formula for the calculation of its load -bearing capacity is 

(5 ) 

A part of the experimental value N' and the calculating value N are 
shown in Tab.1. 

Based on the experiments, the rela tionship between Rp/R and f 
can be expressed by t he l i near equation (see Fig.2) 

Rp/R : 1 • 31" (6) 

When p. 1%, then Rp/R: 4 • but when ", 1% • the points repre-
senting the results are all und er the straight line. This means that 
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the development of the strength of this type of brickwork is limited 
when the value of p is more or less greater thanl%. Fbr the sake of 
safety and economy, the value of Rp7R ~ 4 is recommended 

3.2. Eccentric Compression 

When the prism is eccentrically loaded, the values of the stresses 
in the reinforcement within the compressive area do not vary accordinely 
wi th the eccentrici ty e" The value of Rg is still approximately 
equal to t he strength used in the tensi le desien as specifiect in the de­
sign code. But as eo increases, the area of compression decreases, the 
effect of the reinforced net to ~revent the transversal deformation is 
reduced , therefore the value of -~R should te multiplied with a reduc­
tion factor 'I . Let 1 = 1- e..-y then 

L1 R = ( ! - ;' ) ~to Rg (7) 

According to "Strene:t h of MateriaIs", the formula for t he"calculat ion 
of the load - bearing capacity for eccentric compression is 

AR = ()(' A R (8 ) t + .§LlL 

" 
0(' 

\ + e;.-i 
where r = the radious of gyration of the cross section. 

This value of~' may be called the factor of eccentric effect when the 
formula in "Strength of MateriaIs" is used for the caIculation. As 
the materiaIs used in brick masonry construction possess a definite 
eIastic and plastic properties and its tensile strength is very low, 
a correction factor l.tJ e·/!! should be applied to the term e~~/r2in (8), thus 

A R 
= O(pA R (10 ) 

eXp = (11 ) 

and for rectangular cross sectionl 

(12) 

Based on the experimental resuIts, a value of 1.5 for w may be used, 
then the factor of eccentric effect for brick masonry with reinforced 
network iSI 

Experimental and 
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+ 4.5 ( ';i ), 
calculating values are 

(13 ) 

shown in Fig.3 



r 

To sum up the' above analyses, the formula for calculating the load­
bearing capacity of brick masonry with rectangular cross sect i on and 
re inforced network unde r the act ion of eccentric loading iSI 

(14) 

A part of the experimental value (N') and calculating va!ue (N) are 
shown in Tabl e 2. 
Based on t he results of experiments, when eo = 0 . 5 - O. 7y , its l oad ­
bearing caci ty is only equ,al to 18 - 65% of that under axial com ­
pression, in compar ison with brickwork without any reinforcement, the 
load-bearing capac ity is incr eased only a little. 'Further, when the 
value of eo is increased and horizontal cracks are developed in the 
tensile area, the brickwork will at once loses its load-bearing capa­
city. Thus it will make the structure unsafe. Therefore the value of 
e,/y should not be greater than 1/3. 

When the vertical bending factor 9 p is introduced into formulae 
(5) and (14) • then the calcu l ation formula for the load-bearing capa­
c ity ?f brickwork with reinforced net is obtainedl 

KNp ~ ffJp C(p ( R + ( I - ~') ~o~ Rg J A (15) 

Since horizontal reínforced network is placed in the mor tar jo i nt , 
the br i ckwor k ·i s separated by the former and the thickness of the mor­
tar joint ís increased. According to actual measurement , when the loading 
ratio is the same, the defor mat i on of the bri ck masonry with reinforced 
net is gr eat er than that withou t any reinforcement, and t he deformation 
increases as the value of p is increased. The value of Jl in our na -
tional code for brickwork without reinforcement is l/t IH1';) In con­
sideratíon of the above stated characteristics, the followi ng values 
are adopted for brickwork with reinforced net : 

a 0 .0015 ap = 0 . 00 15(1 + W) 

then (16 ) 
I + ap (3; 

Where; f3p = t he ratio of the heigllt to 
When {Jp is greater than 15 , i t is not 
structiono 

the thickness of the brickwork. 
suitable to use this type of con-

4. ANALYSIS OF RELIÀ BILITY DF BRICKWDRK BX 'CALIBRATI DN ' 
By considering the first - order second moment method used for the 

types of distribu t ion . of random variables, the calibration ana l ysis of 
safety index p of bri ckwork with reinforced net under compression is 
carried aut o The statistical parameters of laad are shown in Table 3 o 

Th e expression for the average value of resistance of a memb er iSI 

(17) 

wherel 
Rm = t he mean strength of a member, 
R~ = the standard strength of a member, 
Mm , Fm and Pm are the averaee value of the coeffic ient of effect of 
uncertainty of the strength of materiaIs , the geometrical chacteris­
tics of members and the calculation models re spectivelyo 

(18 ) 

then the coefficient of variation of kR iSI 

v~ = (V~ + v; + v; /' (1 9) 
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where V"" VF and Vp are the coefficients af variation af Mm' Fm 
and p~ respectively . 

4.1 . Axial Compression 

According to farmula (15), w!';ere e .. = O , determine the s ta­
tistical parameters af the brickwark. The different terms af strength 
in farmula (15) are average values. Actually the average campres s ive 
strength of brickwork is higher th an the value abtained fram test 
prisms in the labor atory , the ratio is 1.15. The caefficient af varia­
tian af the campressive strength af brickwark withaut reinforcement 
is VR = 0 .20 . The value of M",ul,of the reinforcement is 1.20 . 
The coefficient af variation af the strength of reinforcement and 
its cross sectional area is VReAf = 0.075. I n bri ckwork with rein­
farced net, we a180 have to canslder the variati an af C« and ~, 
50 the value af the caefficient af variation V~ = 0 .10 af the stren ­
gth af reinfarcement is used. Further, we take P = 0 .1 , 0.2 and 0.3% 
in order ta compare the influence af p an the reliability af the 
brickwork. The results are shown in Table 4 . 

Genera lly, the cross sectianal area of the prism with rein­
farced net appraaches 49 x 49 cm ar over, when this area (49x49cm) 
is used, we get Fm = 1.0 , VF = 0 .011 7 • 

According ta the results afaxial compression test and calcula­
tions presented in this paper, we get p! = 1.02 , VPI = 0 .1 49 • The 
mean value of the coefficient af the effect af uncertainty of verti­
cal bending for brickwark without reinforcement is used, that iSI 
~p= 1.0 , its coefficient of variatian is V, = 0. 11. Thus the mean 
value of the coefficient af the effect of uncertainty af the cal cu­
lation model ofaxial camnressed · brickwork with reinforced net and 
including the e ffect of uncertainty of ve rtica l bend ing is p,." = 1.02 
and its caefficient af variatian Vp = 0.185 • 

Based on the a bove stated statistical parameters af resistance 
(Table 4) of test prisms and making it in accord with the normal or 
log normal distribution, tagether with the statistical parameters of 
loading and and their distribution as shown in Tab le 3 , the p value 
ofaxially compressed brickwork with reinfarced net can be obtained 
by using the iteration method and calculated with elect ronic compu­
ter. The results are shown in Table 5 . 

4.2.Eccentric Camnressian 

Similarly. determine the statistical parameters of the 
prism by formula (15). When it is eccentrically loaded. actually, 
the ratio af the average campressive strength af brickwark to that 
of the laboratary test prism is 1.10. The average value 1.20(Mm~) 
af the caefficient of effect af uncertainty of the strength of re­
inforcement ia still adopted, the carresponding values af VR = 0.20 
and VRg = 0.10 . As shown in Table 4, the effect af the variatian 
of p to the values af Mm and VM is very small, therefare we 
can select a value af p for analysis. Let p. = 0.2% , then we can 
get the values of Mm and VM for three different values of eccen­
tricity (see Table 4). 

As stated above, let F", = 1.0. , VF = 0 . 0 117 • 
Based on the eccentric compression tests and the 

calculation as prese~ted in this paper. we abtain P~ 
VP1 = 0.157 and let CPp = 1.0, V, = 0.11 ,then Pm = 
Vp = 0.192 
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Based on Tables 3 and 4 • the value of ~ of brickwork with re­
inforced net under eccentric corr.pression can be obtained by electronic 
computers (see Tacle 5). 

According to the building code u!:'ed in our country, when the safety 
grade for the failure of member8 due to brittleness is 2 , the value 
of p should be 3.7 , the correspondine probability of destruetion is 
1.0 x 10.4 . The above stated analysis and caleulation show that the 
safety index approaches or equals to the required value for the brick­
work with reinforced net under compression. 

5. CONCLUSION 

5.1. The load-cearing capacity of brickwork with reinforced net can 
be ealculated by the following formula: 

wherel 
k = 
9p = 
cxp = 
Rp= 

factor of safety, a vaIue of 2.3 is generally used, 
vertical bending faetor, as shown in formula (16), f3p~ 15, 
coeffieient of eccentrieal effect, accordine to formula (13), 
the compressive strength of briekwork with reinforced net: 

e. ~R 
Rp=R+(I--Y)IOO 1l~4R e./y ~ )J , 

A = cross sectional area of brickwork. 
When the above formula is calibrated. the safety index 

ches or equals to the required value. 
approa-

5.2. When the probability based limit states design method is used 
and expressed by the coefficient of each term: 

RK 
TG SG + lG. SQ " TR 

Then, if lã = 1.2 , la.. = 1.4 , and the leveI of reliability of brick­
work with reinforced net under compression as shown in our current 
design code of brick masonry is maintained, we can ad0"'Ptr~ = 1. 85 . 
In the above formula, S~, S~ & RK are the standard values of dead 
load. live load and the resistance of the structural members res­
pectiveIy. rG &ro- are the corresnonding coeffieients of load effect 
and lR is the eoefficient of resistance of the structural members. 

381 



382 

REFERENCES 

1. "Design Code of Brick Masonry Structures" (GEJ 3 - 73). 
Building Industry Publishing House of China. (Beijing) 1973 

2. "Brick Masonry Structures", edited by Nanjing College of 
Engineering, Building Industry Publishing House of China 
(Beijing) 1981 • 

3. "The Calculation af Brick Masonry Members Subj ec t to Eccentr ic 
compression", 'Building Structures', publishect by Building 
Intelligenc e Research Division, Chinese Academy of Building 
Research. 1976 . 

4. Li Mingshun, et aI. "The Developrnent and Application of the 
Theory of Safety of Building Structures", 'Journal of Building 
Structures' , 1981. 1. 



T Table 1 Load - bedying CApacity SILbject to axial compYUSiol'l 

Test )<1 N' N N' Test .kl. N' N ..E.. 
NO. <Tl fTl N NO. !Tl lTJ N 

I 22.' '.198 11 67.0 
67·8 

0.988 
1.000 

2 /4·3 0.165 23 n5 1.055 
0.067 18.1 

3 /2· o 0.642 2. 66·0 /.068 

• /3· 2 t)·706 25 0./26 16.0 6/·8 /.230 

5 26.5 1·299 26 64.0 '.036 

• O. 1/1 2/.5 20.4 1·3<8 27 66·0 '.168 
7 28· o '·31J 28 0./26 69·5 56·5 I.no 
8 32.2 Q·970 29 59.' ,., 53 

9 0.332 28.6 33.2 0.86/ 30 83.5 {·/67 
0. 252 72.2 

" 31. , 0· 931 31 78.0 /.oSl 

" 34.8 ' . Ol8 li 7905 0·994-

12 Q.JJJ 32.5 33.2 Q·n9 33 0.334 no 80·0 "·9 110 
13 40." ,·205 34 6.(·0 0.600 

14 52. o 1. 032 35 82.5 
90.5 0·9/2 

15 0.665 40· 8 50. 4 0.8/0 36 '.355 90·' 0·994 

" 39.4- 0.782 37 8/·0 0. 995 

17 40 . o 0·7 94 38 87.5 1.029 

18 0.665 49·0 50·4 0· 972 39 0.355 88.5 85.0 ,.04/ 

19 3/.2 0.619 40 100.0 f./76 

2' 53.4 0.718 41 /.000 154.0 163. o 0.945 
1.000 67.8 

21 74.0 1.09/ 

Table 2 Loact - bearilt{ capacit-y su.bject to tccentric compiession 

Tut t. )</. N' N N' l(:5t t. ,IJ./' N ' N K 
NO. T <Tl IT) N NO. -~- m lTl N 

I 26· 6 ,. 511 26 26.2 ' .04.4 

1 0·1 0.067 "·5 /7. li 0.053 27 0.2 0.332 3/.0 2;.1 1.235 
3 21· 6 ' .239 " 2'1.4 '. / 7/ 

• 26. f 1.374 29 ,.., 0·9U 
5 ' . 1 O. fI I 2/.2 19·0 1· //6 " ' .2 Q. 665 34. /1 ')6.8 0·9U 

• 27·' /.442 " 25./1 O . ." 

7 no ,. ,O, '2 45.0 1.126 
8 , ·1 o.JSI 29.0 30.0 0·783 " '.2 ,",DO H.O 48.' /.314-, 22.7 ' .757 •• 59.8 1.1'0 

" 22·5 0· 150 35 f 13. o '·092 

" 40·0 0.6'3 " T 0.061 /1.6 "'9 /.479 
12 0·1 0.665 300 44.8 o.!" 37 19·0 f.597 
13 40.0 o· 8~3 3' I 20.8 '·H( 

" 48.0 0.80/ '9 T 0./11 /1.0 12.6 I.'" 15 
' ·1 /. 000 60S 5n 

f . OI o .. 12.8 /. 0/6 

" 53.8 ' .898 :<1 16.5 0.891 
17 60.' 1. 003 42 -L 

, ·"2 '9.6 18·4 1.065 

18 10. 5 0.6fJ2 43 
, 20.2 1.o'}8 

'9 0.2 0.061 /8., 15.4 ' .169 44 19·6 1.065 

2' /6·0 '.039 4; 
-L 

1.,·Q 0.962 
21 '9.' 1.234 4' 3 '.665 24' 26.0 0·92! 
22 16.0 0·910 47 32.0 1.1" 
23 ' .2 0. /// 26·0 16.5 '·576 48 -L 48.0 1.414 

24 /7.6 1.067 49 3 1·000 34.' 33·7 /. 009 

" ' ·2 0. 332 2,4.1 2$. ' 0·960 H 4U '.18 7 
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Table 3 Sbtisticat paYd'lTlC!ters oi loading 

ryp'5 0/ lDO. atfY4ft V&htt CtIt fIf C iut Types Gf 

Stallll.olY4.V41ltt Gf V4yj.uiDll tl.isttibdin 

Dta4 loa.d /. o 6 0.07 WOTlloll 

tive loa« 071 
oHice floQYS O· 70 0.29 

Extrem.e 
tive floor 10M d.istribLltioll 
of c(well;ngs 0.86 o. 23 

I1P' 1 
WiTtIÍ 1044 I· O O 0· /8 

Table 4 Statisticol pdYameters of m,,,,bm 

Axial cOlllprusioll 

)Ll. M~ V .. F~ VF P" Vp RR 
0.1 1./524 0./99 /. O 0·01/7 ,. '2 MS 1.1754-

0.2 1./5-11 0·/99 /. O 0·01/7 1.02 0./65 1·/719 

O., 1.ltJ72 0·199 /. O 001/7 /.02 o.f85 /./6'3 

ECcentyic cOllpressioTt 

",0' M", V .. F. VF p" Vp ~R 
o. / /·104 0./99 1·0 0.0117 1.09J 0.192 /.2110 

0.1 /./01 0.f99 I. O 0.011 /. 093 0-192 '.2089 

0.1 f·l0Z ' .200 ;. O 0.0"7 /.09J M2 '· 2078 

7 

6 
5 

.~--------~~--~-----­
J 

I • 

Fig.2 ReLttlonskip of ~ -)4 su.bject to Miai compression 
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r.bel5 Sof.t, ind,,1' bj C<OI; bntion 

Classific.rtiol Live loa«/Oead load. Ave.,., 
of melllbt/.Y'8 

O.I(J 0.25 0.5 .75 
vah,e 

Axial 
CO~ pre$$i OR 

3.405 ~M7 3.672 1.707 3.58J 
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Fig. 1 ~dphs l.lSed for calcu.\d.tion of briGKworK 

with l'eillfoyce.d net 
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fig.3 CodficiQnt aí dfe.ct of e.cce.ntricitj 




