THE PROBABILITY-BASED LIMIT STATE DESIGN OF BRICK MASONRY WITH REINFORCED
NETWORK

SHI CHUXIAN

Department of Civil Engineering, Hunan University, Changsha, China

ABSTRACT Based on theoretical analysis and experimental research,
this paper proposes the calculation formula of coefficient of
eccentricity, the ratio of the height to the thickness and
the buckling factor effect for brick masonry with reinforced
network. According to the probability-based limit
state design method, the expression for the design of brick
masonry with reinforced network is established. The
load-bearing capacity and the material service amount obtained
from the above formula are also compared with the value of

the current Chinese Code.

1. INTRODUCTION

Brick masonry with reinforced network is the hrickwork in the
mortar Jjoints of which that steel-wire nets are horigzentally

rlace (Fig. 1)« The transveral deformation of the brickwork is
then restrained due to tne combined sction of the two materials
(the reinforcement and brickwork), and the elastic modulus of the
reinforcement is greater than the elastic modulus of the brickwork,
thus the compressive strength of the brickwork is slso greater than
the reinforcement is not used in it, The brick masonry with rein-
forced network is mainly used as the compressive member [1] . It

e J

possesses the definite economical interests in civil engineering.
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2. ANALYSIS OF THE BASIC FACTOR INFLUENCING THE CONIRESSIVE
STRENGTH

In the current Chinese Code fer Masonry Structures [2)] , the load-

besring capscity Tfor the compressive members of brick masonry with

reinforced network may be calculated by the following formulas

KN pXfn A (1)
where
K = the factor of safety, the value 2.3 is used
N = the vertical compressive losd (kN)
@ = the buckling coefficient
o = the coefficient of the e~ccentric effect
fn = the conpressive astrength of the brick masonry with

reinforced rietwork (kPa)
A = the cross sectional area (m2).
In reference {1] the prerfective calculation formulg of the
coefficient of the eccentric effect is proposed:

’
o, = (2)
1+ 4.5 (o/y)2
where
e = the accentricity of the vertical coupressive load (m)
v = the distance hetween the centroid of the section ard

the biszer compireused side of the cection (m).
The velues (%) calevlated by formula (2) have been corbared with
our own experimental values (db) obtained from 163 test vrisms (the
ratio of reinforcement f= 0.067~2,0%, the eccentricity e/y = O
, ~0.5). The mean value of dp/ub is 0,999 and the coefrficient of
variation is 0.267.
Because unde™ thie ecceutric comireusion the additiongl deflaction
(f) influence on the eccentric comuvresaive member must be consider-—
ed, let the value of the eccentricity be equal to e+f [3)] . By
arplying formuwla (2), the effoctive factor of brick masonry with
reinforced nrtwork cuhject to the eccentric compression will bes

1
o, = T (3)
1+ 4.5 (__§——)
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where, when e = 0, Opnp =¢ , then

1
= (4
P 1+ 4.5 (£/3)° )

We can see from formula (4):

S I L
f= ¥¢/;.5 ( G 1) (5)

From equations (3) and (5), as the increase of the adaitional

deflection of members and the plastic deform of the section hgve

influence, finally we can gets

(6)

Xy =

1)(0.025B8+ 0.4)] °
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1+ 4.5 [

NN
-
N

where

B = the ratio of the height to the thickness of the member.
In forwule (6), when B8 < 3 , that is ¢ = 1, then &, = 0. In
this case, formula (6) becomes formula (2).
The values (an) calculated by using formula (6) have been comlzred
with the values (99&@) of reference [1] and the values (@) of
the current Chinese Code [2] (See Table 1.). From table 1, we
know that the mean velue of n/p o, is 0.982 and the coerficient
of variation is C,055, the mean vaglue of dnﬂ?d is 04932 and the
coefricient of variation is 0.087.
The efrect of the ecceutricity, the rastio of the
height to the thickness and buckling has been considered in
formulg (6) of this paper, it is also more rationgl.
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Table 1. The compgrison of the influence coefrficient

Ratio of reinforcement M %
e |g 0.1 0.5 C.9 1.0
J
Xp QX @ Ap @A » Op An P& P % X, @ X P Xy
41 6.917 0.941 0,931 0.897 0.912 0.902 | 0,886 0.892 0.883|0C.880 0.883 0.874
8| 0.848 0,863 0.854 | C.T798 0.786 0.778 0,756 0.718 0.710 | C.744 0.698 0,691
Ce1
12| C.746 0757 0C.T749 | C4655 Ca631 0.624 | 04591 0.543 0,538 | 0.576 0.524 04518
16 | 0.626 04650 0.643 | 0.502 04495 0.490 | C.421 0.398 04394 | 0.405 0.378 04374
410,792 0,863 0.825 | 0.767 04837 0.799 | 04754 0.819 0,782 | C.747 0.774 0.810
81 0.713 0792 0.757 | G.662 0.721 C.689 0.622 0.659 0,629 | C.611 0.641 0,612
0.2
12| 0.612 0,694 0.663 | 0.532 04579 0.553 | 0,478 0C.498 0,476 | 0.466 0.481 00459
16| 0.507 0.596 0.570 | 0.406 0.454 0.434 | 04343 0.363 04349 | 0.330 0.347 0332
4 656 0.766 0.689 C.632 0,743 C.667 | C.619 0.727 0.653| 0.614 0.719 0.646
8| 0.582 0,703 0.632 0.538 04640 0.575 0.504 0,585 0.525 | 04495 0.569 0.511
C.3
12 | 0.496 0C.616 C.554 | 0.431 0.514 0.462 | 0.388 0.442 0.398 | 0.378 0.427 0.383
16| C.411 04529 C.476 0.331 06403 0.362 | 0.282 0.324 0.291 | C.272 0.308 0277




3. DESIGN EXPRESSION

Based on the probability-based limit state design method [4] , the
chagracteristic value for the property of the material snd the
partial coéfficient for the proverty of the materisl of the member
are gdopted. The expression for the design of brick masonry with
reinforced network of the member subject to comprescion are:

when the axial compression (including e<0.1y) exists, then

Nag<7 @ fux 4 (7)

"Ll—“

when the eccentric compresgsion (O.1yw<e-<%y) exists, then

Ng <-7,1- o, £ A (8)

where
Ng = the design value of the compressive loads, the standard
values of dead load and live load are used, and the
coefiicients for their effects correspondingly are 1.2
and 1.4
1 = the vartial coefficient for the property of the magterial
of the member, a value of 1.35 is used

the characteristic value for the property of the material,

H)
B
i

a value of fm-1.64cfis used

fm = the mean value of the strength of the material

O = the standard deviagtion.
When the above stated expression for the design is calibrated, the
reliability index (/B ) aiproaches or reaches it, to the required
value, B=3.7 .
The calculated values (No) of the load-bearing cavacity obtained
from formula (7) and (8) have heen compared with the values (N1)
of the current Chinese Code. The results are shown in tables 2, 3
and 4.

Because the value of @ obtained from the formula in this paper is
equal to the value of the current Chinese Code, for the slender
column subject to the axial compression the values of No/Nq are
also equal to the value in table 2. We can find from table 2, 3 and
4 that for the axisl comiressive culumn snd the short culumn
gubjected to the eccentric compression, the calculated velues of
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Table 2. The load-beesring cagpacity of the column

subjected to the axial compression

M By Ny g
(%) (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

0

mean value

.
Ne)
(@)
U

* o= ratio of reinforcement.

xx The tensile strength of reinforcement is 235(MIa).

Table 3. The load=bearing capacity of the short column

subjected to the eccentric compression

» e Np Ny Np
(%) Y (kN) (kN) Nq
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
BT 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 0540 A 2360 A 1,076
0.3 1980 A 1740 A 1.138
mean value 1,018

See the notes in Table 2.
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Table 4. The load-~besring capacity of the alender column subjected to the eccentric compressive

Po=0.1% Pr= 0.5 % M= 0.9%
% & N, N, N, N, N, N, N, N, N,
(1) (3 Mol ey () 1 (k) (1) P
4 1360 A 1430 A 0,951 | 2150 A 2100 A 1.024 | 2950 A 2760 A  1.069
8 1250 A 1310 A 0,954 | 1990 A 1810 A 1.099 | 2720 &4 2220 A  1.225
0.1 12 1100 A 1150 A 0.957 | 1750 A 1450 A 1.207 | 2400 A 1680 A  1.429
16 930 &4 990 A 0.939 | 1470 A 1140 A 1.289 | 2010 A 1230 A 1.634
4 1150 A 1270 A 0.906 | 1760 A 1720 A 1,023 | 2370 A 2170 A 1.092
8 1040 & 1160 A 0.897 | 1590 A 1480 A 1.074 | 2140 A 1740 A 1.230
Bt 12 89C A 1020 A 0.873 | 1360 A 119C 4 1.143 1830 A 1320 A 1,386
16 740 A 880 A 0.841 | 1130 A 930 A  1.215 | 1520 A 970 A 1.567
4 940 A 1090 A 0.862 | 1380 A 1350 A 1.022 | 1820 A 1600 A  1.138
8 830 A 1000 A 0.830 | 1230 A 1160 &  1.060 | 1620 A 1290 A  1.256
0.3 12 710 A 880 A 0.807 | 1040 A 930 A  1.118 | 1380 A 980 A  1.408
16 590 A 750 A 0.787 R70 A 730 A 14192 1140 A 710 A  1.606
mean value 1.114

See the notes in Table 2.



the load-bearing capacity obtained from the formulas in this paper
are close to those in ocur current national code. For the slender
column subjected to the eccenfric compressior, the values of the
former are increased only a little.

Resides, the materigl service amourt calculated by the formulas in
this paper heve been compared with the value of the current Chinese
Code. The reswlts show that under the axial comrression the
mgterial service amount in the both case are also close, under the
eccentric compression the amount of the former is decreased only

g little. |

4, CONCLUSION

Based on the theoritical anaglysis and experimental resegrch, this
paper proproses the calculation formula of coefficient of eccentri-
city the ratio of the height to the thickness and the buckling
factor effect for brick masonry with reinforced network. The
formula possesses chagracteristics, that is, when the member is
subjected to the eccentric compressive loading, the influence of
the additional deflection and rlastic deform etc, on it has bheen
considered. Based on the probgbility-based limit state design
method, in thig vaper the expression for the design of brick
magorry with reinforced network is estahlished. Though the calibrag-
tion we legrn thagt religbility index approaches or reaches to the
required value. In this paper the load-bearing cavacity and the
materigl service amount are also compared with the value of the
current Chinese Code. The results sre more satisfactory.

This paper has irovided the basis for reviging the "Chinese Design
Code for Masonry Structures".
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