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Abstruct - Baséd on the theoritical analysis of the experimental
results of more than 160 test prisms, this paper gives a compre-
hensive discussion of the compressive behavior of brick masonry
with different ratio of reinforcement and varied eccentricity of
loading. By using the protability based 1imit states desien me-
thods, the reliability of the brickwork with reinforced net sub-
ject to compression is calibrated. Thus the calculation of this
tyre of brickwork construction is further perfected.

1. INTRODUCTION

The laboratory research work done as described in this paver is
proposed by the Revision Group of our "National Design Code for Ma-
sonry structures" for the purpose of revising the said code. In this
report the strength characteristics of the trickwork with reinforced
net is clarified and new calculation formulae with explainations for
brickwork with reinforced net subject to compression are established
in the revised national code. Further, on the basis of revision of
the existing calculation formulae and according to the theory of the
protability based 1imit states design, the resistance factor in the
expression for the design of coefficient of separate terms is pro-
posed.

2. TESTS ALKD RESULTS

No.75 bricks with No.25 and No.50 mortars are used for the making
of the test prisms. Cold drawn¢®s4 low carbon steel wire nets are ho-
rizontally placed in the mortar joints of the prisms from one to five
layers of tricks apart. Ten different volume ratios of reinforcement
(#) are used in two sizes of prisms: 24x37x72 cm. and 37x49x100 cm.

When the test prisms were compressed, 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 ¢.86 , the average value is 0.67
whenM = 0,067 - 0.334%, the load producing the first series of cracks
is higher than the same prism but without reinforcement. when the
value of X = 0.355 - 2.0% the ratio is decreased to 0.37 - 0.59
(average = 0.47), in this case, the load producing the first series
of cracks is much lower than prisms without reinforcement.

A part of the test results of rrisms subject to axial and eccen-
tric compressive stresses are tabulated in Tatle 1 and Table 2 (where
es being the eccentricity, y being the distance between the centroid
of the section and the less compressed side of the prism).

3. THE CALCULATION OF THE LOAD-BEARING CAPACITY

When the brickwork is subjected to vertical compressive load ver-
tical as well as transversal deformations are produced. When a certain
amount of reinforced network is placed horizontally in the mortar
joints of the brickwork, the transversal deformation of the latter is
then restrained due to the combined action of the two materials, thus
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the compressive strength of the brickwork is increased. It may be
sald that this is the fundamental working characteristics of the brick
masonry with reinforced network.

3.1. Axial Compression

Under the action of the compressive force N on the brickwork with
reinforced net as shown in Fig.1, the vertical deformation is £ =9/E ,
and based on the Poisson's ratioA = &n/g, then the corresponding tran-
sversal deformation of the prism is&,=On/E =A%/E . Thus 6, is like the
pressure of a liquid acting on the walls of the prism as diagrammati-
cally shown in Fig.1 and produces axial tension Zgand Z, within the
prism which are resisted by the transversal reinforcement in the prism,

According to "Strength of Materials"”:

Oab On &
B ™~ g B ’ Bo “mg g
The total tensile strength is:
2 (Za+Zy) = A (b+2) S (1)

When the network is made of wires with cross sectional area equal
to ag, and strength equal to Rg, the size of the square opening equal
to Cgand the vertical distance tetween the network equal to Sg, the
total tensile strength which can be sustained by the transversal rein-
forcement is

(G2t &agIRg= gLCb+ ARy (2)
As (1) = (2), therefore: C = T%:S_gng (3)

20g

By transformation we get: 0’=T'A——{’;—°Rg » where fk = -C_é_wo ‘
€ V€

Based on our "National design code of reinforced concrete struc-
tures" (TJ10 - 74), letA= 0.25, then O =%ﬁkRgThis value of ¢ is the
increased strength of the brickwork after the placement of the trans-
versal reinforcement in comparison with those without reinforcement.
Let R be the strength of the latter,thend= AR , Thus the strength
of the brickwork with reinforced net subject to axial compression is

Rp= R +4R = R + 2& R, (&)

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

KNp € (R+ =5 Rg)A (5)

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

Based on the experiments, the relationship between Rp/R and I3
can be expressed by the linear equation (see Fig.2)

Rp/R =1 + 3K (6)

When M = 1% , then Rp/R = 4 , but wheniy 1% , the points repre-
senting the results are all under the straight line. This means that

i n
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the development of the strength of this type of brickwork is limited
when the value of M is more or less greater thanl%® . For the sake of
safety and economy, the value of RP/R $ 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 accordingly

with the eccentricity e, . The value of Rg

equal to the strength used in the tensile design as specified in the de-
sign code. But as e, increases, the area of compression decreases, the
effect of the reinforced net to rrevent the transversal deformation is

is still approximately

reduced, therefore the value of 4R should te multiplied with a reduc-

tion factor p . Let N = 1- €4 then

- _ Loy 2H
AR = {4 5 ) ST Rg

(7)

According to "Strength of Materials", the formula for the-calculation
of the load-bearing capacity for eccentric compression is

AR

N ——— = AR
{+ Sof
{
X = ———
+ S

{8)

(9)

where T = the radious of gyration of the cross section.

This value of o' may be called the factor of eccentric effect when the
formula in "Strength of Materials" is used for the calculation. As

the materials used in brick masonry construction possess a definite

elastic and plastic properties and its tensile strength is very low,
a correction factor w®/jyshould be applied to the term&3Y/2in (8), thus

_ AR
Eo
| +w()?
. S
{+ w(==y

Np = OpAR
op =

and for rectangular cross section:

€02
1+ 3w

sz

Based on the experimental results, a value of

(10)

(11)

(12)

1.5 for w may be used,

then the factor of ecéentric effect for brick masonry with reinforced

network is:
{
€, 2
|'+1LS(1;)

Ap

(13)

Experimental and caiculating values are shown in Fig.3
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To sum up the' above analyses, the formula for calculating the load-
bearing capacity of brick masonry with rectangular cross section and
reinforced network under the action of eccentric loading is:

| o o S 2R

KNp € Op T R 4+ €4 y)IOORg]A (14)
A part of the experimental value (N') and calculating value (N) are
shown in Table 2.
Based on the results of experiments, when e, = 0.5 - 0.7y ,» its load-
bearing cacity is only equal to 18 - 65% of that under axial com-
pression, in comparison with brickwork without any reinforcement, the
load-bearing capacity is increased only a l1ittle. ‘Further, when the
value of e, 1is 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 ¢, is introduced into formulae

(5) and (14) , then the calculation formula for the load-bearing capa-
city of brickwork with reinforced net is obtained:

KNp < 50P(XP[R+(1—%9-)%)EO-R31A (15)

Since horizontal reinforced network is placed in the mortar joint,
the brickwork is separated by the former and the thickness of the mor-
tar joint is increased. According to actual measurement, when the loading
ratio is the same, the deformation of the brick masonry with reinforced
net is greater than that without any reinforcement, and the deformation
increases as the value of 8 is increased. The value of @ in our na-
tional code for brickwork without reinforcement is {7 1+2pf) In con-
sideration of the above stated characteristics, the following values
are adopted for brickwork with reinforced net:

a = 0.0015 , @ = 0.0015(1 + 34)
{ :
then R (16)
% I+ ap Bp
Where; Bp = the ratio of the height to the thickness of the brickwork.

When 8, is greater than 15 , it is not suitable to use this type of con-
struction.

4, ANALYSIS OF RELIABILITY OF BRICKWORK BY 'CALIBRATION'

By considering the first-order second moment method used for the
types of distribution.of random variables, the calibration analysis of
safety index @ of btrickwork with reinforced net under compression is
carried out. The statistical parameters of load are shown in Table 3 .

The expression for the average value of resistance of a member is:

Rm= Rn'Mm'Fm' Pm (17)

where:
Rm the mean strength of a member,
Rn the standard strength of a member,
Mym » Fm and Pm are the average value of the coefficient of effect of
uncertainty of the strength of materials, the geometrical chacteris-
tics of members and the calculation models respectively.

Lett kg = Rm/Ry= Mp. Fp. Py (18)
then the coefficient of vaiiation of kg ist

Ve = (i + B+ v (19)
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where Vy, Vi and Vp are the coefficients of variation of Mg, F,
and P, respectively.

L.1. Axial Compression

According to formula (15), where e, = 0 , determine the sta-
tistical parameters of the brickwork. The different terms of strength
in formula (15) are average values. Actually the average compressive
strength of brickwork is higher than the value obtained from test

prisms in the laboratory, the ratio is 1.15 . The coefficient of varia-
tion of the compressive strength of brickwork without reinforcement
is Vg = 0.20 . The value of Mmqof the reinforcement is 1.20 .

The coefficient of variation of the strength of reinforcement and

its cross sectional area is Vrgag = 0.075 . In brickwork with rein-
forced net, we also have to consider the variation of Cg and Sg,

so the value of the coefficient of variation Wg, = 0.10 of the stren-
gth of reinforcement is used. Further, we take # = 0.1 , 0.2 and 0.3%
in order to compare the influence of # on the reliability of the
brickwork. The results are shown in Table 4 .

Generally, the cross sectional area of the prism with rein-
forced net approaches 49 x 49 cm or over, when this area (49x49cm)
is used, we get Fm = 1.0 , Vg = 0.0117 .

According to the results of axial compression test and calcula-
tions presented in this paper, we get Py = 1.02 , Vpr = 0.149 , The
mean value of the coefficient of the effect of uncertainty of verti-
cal bending for brickwork without reinforcement is used, that is:
$= 1.0 , its coefficient of variation is VW = 0.11 . Thus the mean
value of the coefficient of the effect of uncertainty of the calcu-
lation model of axial compresséd brickwork with reinforced net and
inecluding the effect of uncertainty of vertical bending isP, = 1.02
and its coefficient of variation Vp = 0.185 .

Based on the above stated statistical parameters of resistance
(Table 4) of test prisms and making it in accord with the normal or
log normal distribution, together with the statistical parameters of
loading and and their distribution as shown in Tatle 3 , the @ value
of axially compressed brickwork with reinforced net can be ottained
by using the iteration method and calculated with electronic compu-
ter. The results are shown in Table 5 .

L,2.FEccentric Compression

Similarly, determine the statistical parameters of the
prism by formula (15). When it is eccentrically loaded, actually,
the ratio of the average compressive strength of brickwerk to that
of the laboratory test prism is 1.10 . The average value 1. 20(Mm%)
of the coefficient of effect of uncertainty of the strength of re-
inforcement is still adopted, the corresponding values of Vg = 0.20
and Veg = 0.10 . As shown in Table 4, the effect of the variation
of M to the values of Mm and Vu 1is very small, therefore we
can select a value of # for analysis. ILet M = 0.2% , then we can
get the values of Mm and Vy for three different values of eccen-
tricity (see Table 4).

As stated above, let Fm = 1.0, Vg = 0.0117 .

Based on the eccentric compression tests and the result of
calculation as presented in this paper, we obtain P% = 1.093 ,
Vpr = 0.157 and let 4? = 1.0, Vg = 0.11 , then B, = 1.093 ,
Ve = 0.192
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Based on Tables 3 and 4 , the value of f of brickwork with re-
inforced net under eccentric comoression can be obtained by electroénic
computers (see Tatle 5).

According to the btuilding code uged in our country, when the safety
grade for the failure of membters due to trittleness is 2 , the value
of 8 should be 3.7 , the corresponding probability of destruction is
1.0 x 10% . The above stated analysis and calculation show that the
safety index approaches or equals to the required value for the brick-
work with reinforced net under compression.

5. CONCLUSTION

5.1. The load-tearing capacity cof brickwork with reinforced net can
be calculated by the following formula:

KNo € @ Op Rp A

where:
k = factor of safety, a value of 2.3 1is generally used,
% = vertical bending factor, as shown in formula (16), Gp< 15,
op = coefficient of eccentrical effect, according to formula (13),
Rp = the compressive strength of brickwork with reinforced net:
e, . 2l
efeyy, Re=R+ci-—=70gRe < 4R

A = cross sectional area of brickwork. )
When the above formula is calibrated, the safety index approa-
ches or equals to the required value.

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

R

Then, if Yz = 1.2 , Yg= 1.4 , and the level of reliability of brick-
work with reinforced net under compression as shown in our current
design code of brick masonry is maintained, we can adoptYg = 1.85 ,
In the above formula, Sg, Sq & R, are the standard values of dead
load, live load and the resistance of the structural members res-
pectively. Yz & Yp are the corresvonding coefficients of load effect
and R is the coefficient of resistance of the structural members.
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| Table 1 Load—bearing capacity subject to axial compression

1] N “ 1 d
ol IR A N - el B O e 0 A e
22.4 A 67.0 0.988
; 14.3 :,,zg 532 ey 75 a8 1.055
0.067 18.7
3 12.0 0.642 24 66.0 1.068
. 4 13.2 0.706 25 0126 76.0 61.8 1.230
| 5 26.5 1-299 26 64.0 1.036
6 0111 21.5 20.4 1.348 27 66.0 1168
7 28.0 1.373 28 0.126 69.5 6.3 1.230
8 32.2 0.979 29 595 1053
9 0.332 28.6 dé.2 0.86/ 30 - 83.5 72.2 1157
10 311 0.937 al 78.0 1.080
i 34.8 1.048 32 79.5 0.994
1 0.333 325 332 0.979 33 0.334 720 g0.0 0.900
13 40.0 1-205 34 64.0 0.800
14 52.0 1.032 35 82.5 905 0.9/2
5 0.665 40.8 504 0.810 36 0355 90.0 0-994
16 39.4 0.782 a7 al.0 0.895
17 40.0 0-794 38 B7.5 1029
18 0.665 49.0 50.4 0.972 39 0.355 88.5 45.0 1.041
9 3.2 0.619 40 100.0 1176
20 504 0788 41 1.000 154.0 163.0 0.945
1.000 67.8
21 74.0 1.091

Table 2 Load — bearing capacity subject to eccentyic compression

Test | e, . N’ N _N" | Test| _e. ’ N' N N
Ne. | T 2 m () N [ A | m (1) N
| 26.6 151 26 26.2 1.044
2 0.1 0.067 .5 17.6 0.663 27 0.2 0332 31.0 25.1 1235
3 21.8 1.239 | 28 29.4 1171
4 26.1 1.374 29 34.0 0.924
§ 0.1 0.1 21.2 9.0 1116 30 0.2 0.665 34.0 6.8 0.924
[ 274 1.442 31 25.0 0.679
7 27.0 0.900 32 45.0 0.926
8 01 0332 29.5 30.0 0.983 | 33 0.2 1.000 59.0 4.6 1.214
9 221 0.757 | 34 59.8 1.230
0 22.5 0.750 35 It 13.0 1.092
" 40.0 0.893 36 K 0.067 17.6 1-9 1.479
12 01 0.665 36.0 448 0.904 | 37 190 1.597
13 40.0 0893 | 38 [ 208 1.651
14 48.0 0.801 39 Kl 0.111 17-0 12.6 1.349
15 2.1 1,000 605 59.9 1.010 | 40 12.8 1016
16 53.8 0.898 | 41 6.5 0897
17 60.1 1003 | 42 o 8 19.6 ! 1.065
18 10.5 0.682 | 43 3 ¢332 202 = 1.098
19 18.0 1169 44 19.6 1.065
3 0.2 aos7 | M L 039 | 45 J 2540 0.962
21 _19.0 1.234 | 46 i 0.665 240 26.0 0923
22 16.0 0.970 | 47 320 1.231
| 23 0.2 ol 26.0 16.5 1.576 | 48 ! 48.0 1.424
24 7.6 1-067 | 49 e 1.000 34.0 33.7 1.009
25 0-2 0.332 .1 25.1 0.960 | 50 40.0 1.187
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Table 3 Statistical parameters of loading Tabel 5 Safety index g by calibration
ayevage Value| Coefficient | Types of s i i d J
Types of Load Svazoroe| o variation | distribution Classification] V@ loa/Dead load |,
of members value
Dead load 106 0.07 Normal 000 | 025 | 0.5 | 075
Live load on Axial
office f1o0Ys 0-70 0.2 compression G0 | BT | 2| 3HT) B
T Extyeme : _
ve oor lo 5 % . ccentyic
bution | i
¥ dweitags 0.86 0.23 | distyibuti compyession | 5-437| 3877 3.701 3738 | 3.613
type 1
Wind 1oad 100 0.18 0
H
N =
Table 4 Statistical pavameters of membeys 2
Al- N L
ial  compression gt .
" T . —
AL Mu| V| Fm | VE| Pu| Vo | R | Ve | i -
| -
0.1 |11524| 099| 1o | gon7| 02 | 085| Li7se| 0272 I [ == | s— (ﬂ
I [ | s—
0.2 | 1.1548| 0.499| 1.0 | 0.0u7| 102 | 0.185| L1T19| 0272 | | Il
L1 | —
It
0.3 | 11572} 0199 | 1.0 | 0on7| 102 | 2185| 11803| 0.272 [ & +—2—
F————— 4 | I R {
Eccentric  compression | | A e
| i
€, | |
24 [ Mn | V| Fa | VE| P | Vo | A | (. | Zq
0.1 | 1104 | 0.099| 1.0 | 0.007| 1.098 | 0092 | 12100| 0277 5 ]£
Lz !
0.2 | 1703 | 0099 | 10 | 007 1093 | 0.492| 12089 | 0.277
Fig. 1 Graphs used for calculation of brickwork
0.3 | 1102 0.200| 0 | 00u7| 1093 ar92| 12018 0.277 with Yeinforced net
o
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Fig.2 Relationship uf-“;zﬂ-»ju subject to axial compression

Fig.3 Coefficient of effect of eccentricity






