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ABSTRACT Based on theoret i ca l analysis and exper ime nt a l research, 

this pape r proposes the ca l c ul at i on formula of coefficient of 

eccentricity , the ratio of the height to th e thickness and 

the buckling factor effect for brick masonry with reinforced 

network. According to the p robability-bas ed limit 

state design method, the expression for the des ign of brick 

masonry with reinforced network is established. The 

l oad-beari ng capacity and t he materia l service amo unt obtai ne d 

from the above formula are a l so compared with the va lue of 

the curre nt Ch inese Code . 

1. I NTtiODl lC 'r lmr 

Brick masonry wi th roj.n1'orc ed nctwork is the hrj ckwork in the 

mortal' jointB of ,.'V~ü(!h th8.t Dteel-wire nets are h orizontally 

.flace (Fig. 1). The transveral deformation of t h e bric Kwork is 

then rcstrained due to t h e combined él.ction oI' t h e two materiaIs 

(the reinf'orcement and brickwork), and the elastic modulus of the 

reinforcement iB greatcr than t h c clastic modulus of thc brickwork, 

thus thc corn prcGG~ .ve strcngth of t hc brickwork :i_8 also grca ter than 

thc rei11í' ore ement :i_s not us cd in i t. õrhe briek ma s onry w i t h rein­

forccd nctwork i s mainly usnd as th c eompressive member [1]. It 

p oss e ss es the defini te ce onomical intercsts in e iv il cnginecring. 

roinf'orcing nct 

F ig. 1 Brick Masonry 
with Rcinforccd 
Nctwork 
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2 .I\NAJ,YS I~) OF TIrE !i.AS Te F I\C T oa IN.B'LTJENC ING 'rf:rE em,i } HESS IVE 

:;;I' ~tENG 'rH 

In the c urrcnt t.;hine8e C ode for fl'Je.sonry S truc tures [2] , the load'­

beprin~ C3.lJ~~city for the comprc:3f3ive membnrs of brick masonry with 

rc:i.nferced nctwork 11lay be calcu18.ted by thc follow:i .. n g formula: 

where 

K = t .h e fac tor of saf ety, tb e vaJ. ue 2.3 ie 1J8ed 

N = the vert :i.cEl cornrn'Cf.1n:i_ve 10[1. d (kN) 

P = the buckling coefficient 

a = t h e nocfficicnt of t h9 nccentric effect 

f n = tlL~ cornrjreosive f~tr'engt~ af th.e brtck rnasonry with 

rehlforc ed nctwork (kPa) 

A = thC' crOSf3 r:; cctiono] are,']. (m 2). 

In r0fcrence (1] tllC l-erfcctj_vc calculation formu..ls. of the 

cocfficient of the eccentric effect ie proposed: 

where 

cX p = 
1 

1 + 4.5 (e/y)2 

e = th~ ~cccntricity of the vcrtical cOrnprCDf):ive load (m) 

y = thc distan o e hetwccn the c cnt:r'oid of the eco ti on and 

thc b:i ::::3'C:r cornyl:'cL:Dc 'l füd.e of thc f~cct:ion (m). 

'1'11c valucs (DlI') calcvln.tcd by formula (2) have becn corr: parcd with 

our oINn expcri0181'ltt>J_ valucs (dp) obtaincd from 163 tnst Ilrisms (the 

r '3. tio of rcinf or~ ernent p. = O. O 67'" ;:>. Or." thc ecc eJltric i ty c/y = O 

---0.5). The rtlcg,n valuc of olp/O{p io 0.999 and t.he coefficicnt of 

variaUon i8 0.267. 

RCC::~I)fjC lm ::lc~ thc ccccntri.~ comrrcL;!;ion thc ,d cl1t'ional dofJcc tion 

(f) inflnence on the ccccntric com~)re fJ f;j_ ve rllcmber must bc consider­

f>d, let the vé:'J.ue of the er::centricit~, be cquaJ. to o+f (3). By 

an;lying forrnu..l9. (2), the d'f r;ctj.V '? factor of brj_ck masonY.'y with 

re:i.nfo .t'r::cd u0twork r;u'hjcct to the ecccntric cornl1rc::f,ion will be: 

ex .) = 
.l _ 

1 

1 + 4.5 ( e;f ) 2 
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where, when o ~ 0, ()(n = P J then 

1 
r; = 

(f/y) 2 1 + 4.5 

We can see from formula (4): 

f = Yj~ (_1 _ 1) 
4.5 '} 

Frofll equ2tions (3) and (5) J as the incre8.se of the adíüt ional 

def lection of mcmbcrs 8.nd th e plastic deform of the scction have 

influence, fi nall y WQ Can get: 

( 6) 

where 

(3 = the ratio of the hr:ieht to the t1Ü Cknfl f)S of the m0rnber. 

I n f or'!lula (6), wh on (3 -< 3 , tha t ü : p = 1, then ()(n = CXp • In 

t h i o c as e, for!'!1Ula (6) bec ome s formula (2). 

Th e values (O:n) ealcul a ted by uning formula (6) hav~ boen cornl'p.rocl 

wi th the v,'Ü uef3 (g; IXI) of ref erene e [11 Rnd the va] lJes (C) ex.) of 

the current Chines e Code [2) (So e 'T8.ble 1.). Fro1l1 tahle 1, we 

know t ha t Lh e :ncan v EIlJ.e of ()(n!gCX'p i o 0.982 é~,nd tho eoeff i cient 

of var~ation i8 0 .0 55 , the mean v a l lÃ e of O(n/90< io 0 . 932 Rnd the 

coeff iciont of variati on i8 0 . 087. 
Th e cf f eet of che ocecntricity, of thc 

h cight to th c thick.nooD and buckling hps boen eonD:i.dercd in 

formula. ( 6) of this I,aljer, i t i s eJ .so more rational. 
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c 
Y 

0.1 

0.2 

0.3 

(3 

()(n 

4 0.917 

8 0.848 

2 0.746 

6 00 626 

4 0.792 

8 0.713 

2 0 . 612 

6 0.507 

4 0 . 65 6 

8 0. 582 

~2 0.496 

16 U. 411 

'rable 1. Thc comparison of the influence cocf r' icient 

Hatio of reinforcement jJ- % 
0.1 0.5 0.9 

Ç}tX 9 ex l ' CX n 9 tX !fJ CX p cX n fjJC< 9 cXp 

0. 941 0.931 0.897 0.912 0.902 0.886 0.892 0.883 

0. 863 0.854 0.798 0.786 0.778 0.756 0.718 0.710 

0.757 0.749 0.655 0.631 0.624 0.591 0.543 0.538 

0.650 0.643 0.502 0.495 0.490 0.421 0.398 0.394 

0. 863 0.825 0.767 0. 837 0.799 0.754 0.819 0.782 

0.792 0.757 0.662 0.721 C.689 0.622 0.659 0.629 

0.694 0.663 0.532 0.579 0.553 0.478 0.498 0.476 

0.596 0.570 0.406 0.454 0.434 0.343 0.363 0.349 

0.766 0. 689 0.632 0.743 0 .667 0.619 0.727 0.653 

0.703 0. 632 0. 538 0.640 0.575 0.504 0.585 0.525 

0. 616 0.554 0.431 0.514 0.462 0.388 0.442 0.398 

0.529 0.476 0.331 0.403 0.362 . 0.282 0.324 0.291 

1. O 

cx n fiO< C; CX: p 

0.880 0.883 0.874 

0.744 0.698 0.691 

0.576 0.524 0.518 

0.405 0.378 0.374 

0.747 0.774 0.810 
I 

0 .611 0.641 0.612 
i 

0.466 0.481 0.459 

0.330 0.347 0.332 

0.614 0.719 0.646 

0.495 0.569 0.511 

0.378 0.427 0.383 

0.272 0.308 0.277 



3. DESIGN EXPRESSION 
Based on t he probability-based limit state design method [4J , the 

c harac t enst ic value for th e property of the material and the 

~artial coefficient for the p ro perty of the material of the member 

are adopted. The exrression for the dcsign of brick masonry with 

reinforced network of the member sul) ject to compression are: 

when the axial comJjreDcion (including e < O.1y) exists, then 

( 7) 

when the eccentric compref:1Dion (O.-1y~ e <1Y) existe, then 

where 

(8) 

Nd = the des:tgn value of the compresrüve loads, the standard 

values 01' doad load and live load are used, and the 

coef .;:" icients for their of fects correspondingly are 1.2 

and 1.4 
1 = the IJartial coefficient for the lJroperty of the material 

of the member, a v8.lue of 1.35 is used 

fnk = the characteristic value for the lJroperty of the material, 

a value of f m-1. 64 d is used 

f m = the meall valuc of the strength of the material 

(J = the standard deviation. 

Yv hen the above stated expresrüon for the design is calibrated, the 

reliability index (~) a fp roaches or reaches it, to the required 

v al u e , (3 ~ 3. 7 • 
The calcu18.ted vHlues (N2) of the load-bearing ca:!?8,ci ty obtained 

from formula (7) H!Jd (8) have heen compared with the values (N 1) 

of the current CbinE?f3e Code. The results are shown in tables 2,3 

llnd 4. 

Because the value of 9 obtained from the formula in thiR P8.per is 

equal to the vB~ue of the current Chinese Code, for the slender 

col~n subject to the axial compreosion the values of N2/N1 are 

[ÜSo equal to the value in table 2. 'Ne can fino from table 2, 3 and 

4 that for the axüü compressive culumn and the short culumn 

subjected to the eccr?ntric compresoion, the calct.'.lfited vHlues of 
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T able 2. The load-beé',ring Capac i ty of the co1 umn 

subjected to the axial compreosion 

foi.- N;? N1 N2 -
(~~) (kN) (kN) N1 

0.1 1500 A 1570 A 0.955 
0.3 1980 A 2060 A 0.961 
0.5 2470 A 2550 A 0.969 
0.7 2950 A 3040 A 0.970 
0.9 3430 A 3530 A 0.972 

fiean va1ue 0.965 

* p = ratio of reinforcement. 

** The tensile strength of reinforcement is 235(M1 a). 

Table 3. The load-bea,ring capacity of the short column 

subjected to the eccentric compression 

P e N2 N1 N? 
(%) -y (kN) (kN) N1 

0.1 1420 A 1470 A 0.966 
0.1 0.2 1230 A 1310 A 0.939 

0.3 1020 A 1120 A 0.911 

0.1 1830 A 1850 A 0.989 

0.3 0.2 1560 A 1570 A 0.994 

0.3 1260 A 1280 A 0.984 

0.1 2240 A 2240 A 1.000 
0.5 0.2 1890 A 1830 A 1.033 

0.3 1500 A 1430 A 1.049 

0.1 2650 A 2620 A 1.015 
0.7 0.2 2210 A 2090 A 1.057 

0.3 1740 A 1590 A 1.094 

0.1 3070 A 3000 A 1.023 
0.9 0.2 2540 A 2360 A 1;076 

0.3 1980 A 1740 A 1.138 

mean value 1.018 
T ble 2. See the notes ~ a 
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Table 4. The lO:ld-be~.rine capaci ty of the [ücnd ~r colurnn subjocted to the ecccntric comp:r9ssive 

p- = 0 • . 1 'f., P. = 0.5 % fL= 0.9 % 
e (3 - N2 N1 N2 N2 N1 N2 N2 N1 N2 Y 

(kN) (kN) N1 (kl\I ) (kN) ~ (kN) (kN) N, 

4 1360 A 1430 A. 0.951 2150 A 2100 A. 1.024 2950 A 2760 A 1.069 I 

8 1250 A 1310 A 0.954 1990 A 1810 A 1.099 2720 <\ 2220 A 1.2~5 

0.1 12 1100 A 1150 A 0.957 1750 A 1450 A 1.207 2400 A 1680 A 1.429 

16 930 A 990 A, 0.939 1470 A 1140 A 1.289 2010 A. 1230 A. 1.634 

4 1150 p, 1270 A 0.906 1760 A 1720 _a.. 1.023 2370 A.. 2170 A. 1.092 

8 1040 A 1160 A. 0.897 1590 4- 1480 A 1.074 2140 A 1740 A 1.230 
0.2 

12 890 A. 1020 A 0.873 1360 A 1190 A 1.143 1830 A 1320 fi. 1.386 

16 740 A 880 A 0.841 1130 A 930 A 1.215 1520 A 970 A 1.567 

4 940 A 1090fo._ 0.862 1380 A 1350 A 1.022 1820 A 1600 A 1.138 

8 830 A 1000 A 0.830 1230 A 1160 A 1.060 1620 A 1290 A 1. ?56 
0.3 12 71:0 A 880 A 0.807 1040 A 930 A 1.118 1380 !\ 980 A 1.408 

16 590 A 750 A 0.787 870 A 730 A 1.192 1140 A 710 A 1.606 

mean value 1. 114 

See the notes in Table 2. 



the load-beariDZ caPacit:)' obtained Irom the forml1las in tl-J.is Paper 

are close to those in C'UT' CllT'rcnt national code. For the slemder 

colwnn ~Juhjected to the eccent,ric compres s im" , the val1.les of the 

f ormer aro incr8ased orüy a 1j ttl e. 

"ReDides, the n1::'!.teria1 servic ~ amoUl1t cal~ulated by the formulas in 

this papeI' hs.ve becn cornpared with tbe value of tre curr~l1t Cbinese 

Code. Tl-te resrl!.ts show that '..mder the ~xi9..1 cornpression the 

material service amov.nt :i_n the both Case are also close, uY1 der the 

ecceJ'ltric f!oml)ress ion the a mount of the former i.s decrea<:lüd only 

a little. 

4. CONCJ,USION 

B9.S8d on tne th.eori tical ar1alys is and e:XI)crimental reseG.rch, this 

Paper prOIJOses the calculation formula of coeff:.icient of ecccntr::i.­

lJit~r the rat: :to of the he::i_eht to the tnickness 2nd the huckline 

factor effpct f or brick rl1asor1...ry wi th reinforced network. The 

formula pODSCS~Jes characterist::i_cs, that ia, when the member is 

8uhjected to the eccentric compressive loadine, the influence of 
the aidi tional deflection p.nd plastic dr->forrn etc. on it h3.s been 

cODu5dercd. Based on tbe !lrohe.bD i ty-based 1imi t state desien 

m~t;ll od, in t h ::i.s I1aper the eXl!ression for the dcsien of brick 

rnasopry with r(>:ip.for(~ed nct,work is estahl:ished. Though th.c calibra­

tion we Jearn t h at relúJ.bili ty ind~x approaches or rep.ches to the 

requircd vaI ue. In th to paper the Joad-bear:i.ne; CalJaC i ty and thc 

material se:r-vicc amount are also compared with tbc value of the 

current ChineDe C ode. The resul ts ere more satl.sfacto-ry. 

]~his IJapcr has l:!'ovi..ded the basis for revj sing the "Chin.ese De8ign 

C ode f or ~f, ason:ry S truc tures". 
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