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a b s t r a c t

This paper deals with the bearing capacity of masonry walls under lateral loads. Four different series of
experimental measures have been collected, representing a total number of 20 walls tested at the Scien-
tific and Technical Center for Buildings (CSTB, France). The constitutive materials of the walls and the
geometrical features of the walls are:

– Orthotropic blocks (masonry or concrete units), with either horizontal or vertical cells. Their geomet-
rical dimensions are such that the thickness is either equal to 0.2 m or 0.38 m while the ratios (height/
length) range from 0.4 up to 1. The compressive strength of the blocks are in relative ratios (horizontal/
vertical strengths) ranging from 0.11 up to 3.11.

– Joints made of mortar or thin layer mortar. The vertical joints might be either empty or full while the
horizontal joints are full for the whole experiments reported herein.

– Walls with lengths ranging from 1 m up to 3.75 m while the height range from 2.5 m up to 2.8 m.
An existing model, relying on the principle of wall failure by its diagonal in compression, has herein
been applied and its results have been compared with the experimental values for the 20 available
walls. The model for compressive diagonal provides results that range within the interval (0.52 up
to 2.67) times the experimental bearing capacity of the masonry walls.
The authors have therefore developed a simplified model that assumes that the wall fail by induced
tension in the perpendicular direction of the diagonal of either the blocks or the walls. Compared to
the experimental values collected in this paper, this simplified mechanical model provides theoretical
bearing capacity values that are in good accordance with the observed values.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Several simplified models have been investigated in order to
predict the bearing capacity of masonry walls under lateral loads.
Some of these models rely on the assumption that the wall failure
is due to the excessive compression in the equivalent diagonal.
This kind of models has therefore to address three main aspects:
angle of this diagonal (among the wall diagonal or the block diag-
onal, mainly), the width of this equivalent diagonal and the com-
pressive strength of this diagonal since the walls may show
orthotropic behavior, [1–11]. A set of experiments, performed at
CSTB (France) have led to the evaluation of these three aspects, [1].

Further experiments have been performed recently with vari-
ous kinds of walls, blocks and joints, [12–15]. The validity, of the
existing model, for the whole available set of walls, blocks and
joints is analyzed herein.

In order to avoid the empirical evaluation of the set of param-
eters required by the compressive diagonal model, a new simpli-
fied mechanical model has been adopted and proposed in the
present paper. It assumes that the wall failure is due to the
induced tension, as a consequence of the materials hetero-
geneity.

2. Experimental data available for walls

2.1. Masonry walls under lateral loads and failure

Fig. 1 shows the apparatus available at CSTB and the main
cracks patterns. The main features of the walls, the blocks and
the joints are given in (Tables 1–4).

On Fig. 1c, one may notice that the cracks follow mainly a
straight line that corresponds to either the block diagonal, in the
case of empty vertical joints, or the wall diagonal, when the verti-
cal joints are full.
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Fig. 2 shows some kinds of the hollow blocks that have been
used as the constitutive materials for the tested walls. They have
orthotropic properties. They may have either horizontal or vertical
cells and are either clay blocks or concrete blocks.

2.2. Analysis of the collected data

From the Tables 1–4, it can be drawn, from the observed walls
capacity bearing, that:

– For a given set of quality blocks and type of joints, the walls
resistance decreases when the ratio (Hw/Lw) increases (Fig. 3).

– The failure pattern corresponds to cracks that cross the blocks
and propagate also along some joints.

3. Model assuming wall failure by diagonal in compression

3.1. Definition of the compressive diagonal model

In order to predict the bearing capacity of masonry walls under
the effect of lateral walls, a simplified model has already been
issued. It relies on the hypothesis that the wall failure is due to
excessive compression along a diagonal that may follow either
the wall or blocks diagonals, [4,16–20] (Fig. 4). It has been devel-
oped and fitted according to the Serie-3 experiments reported in
(Table 2).

The theoretical wall bearing capacity is expressed as follows,
[4,19–21]:

Fth ¼ eb � ~ld � rcðcÞ � sinðcÞ ð1Þ

~lb ¼ lb �
lb
lc

� �r

ð2Þ

rcðcÞ ¼
ðrh � rvÞ2

ðrh � cos cÞ2 þ ðrv � sin cÞ2

 !1
2

ð3Þ

c ¼ cd ¼
Min

cb
cw
c0

8<
: : Empty joints

Min
cw
c0

�
: Full joints

8>>>>><
>>>>>:

ð4Þ

cb ¼
Hb

Lb
k

� � ; cw ¼
Hw

Lw
and c0 ¼ 60� ð5Þ

k ¼ 2 : if Blocks Casting ¼ 1=2� 1=2
3 : if Blocks Casting ¼ 1=3� 2=3

�
ð6Þ

where, Fth = lateral wall capacity, eb = block thickness, c = cd = angle
between the compressive diagonal and the vertical direction,
rc(c) = compressive strength of the orthotropic bricks along the
diagonal, rh = horizontal compressive strength of the bricks,
rv = vertical compressive strength of the bricks, ~lb = width of the
compressive diagonal that resist against the lateral load, lb = block
length, lc and r = fitting parameters, cb = angle of the block diagonal
for empty joints which depends on type of blocks casting (1/2 or 1/3
block length), Hb = block height, Lb = block length, cw = angle of the
wall diagonal, Hw = wall height, Lw = wall length and c0 = internal
friction angle of the constitutive materials (blocks + joints).

3.2. Analysis of the compressive diagonal model validity

The compressive diagonal model has been developed and issued
by fitting the parameters to the results obtained for the set of 6
walls (Serie 3) (Table 2).

The authors have analyzed its accuracy in the case of the whole
available data in order to analyze its validity:

– For other kinds of masonry blocks.
– For types of joints other than mortar.
– For various (HW/LW) values: ‘‘long” or ‘‘short” walls.

The theoretical bearing capacity values have been compared to
the observed walls strengths, as summarized in (Tables 5 up to 8).

It can be drawn from the comparisons given in (Tables 5 up to
8), that the diagonal compressive model:

– Provides theoretical results that are in accordance with the
experimental results in the case of long wall (Hw/Lw < 1) built
with mortar joints (Tables 6 and 8). Actually, the relative error
remains smaller than 20%. However, for one wall with empty
vertical joints, this error equals 40% (Table 7).

– Should be improved in order to address the case of walls with
large values of the ratio (Hw/Lw) and the case of thin layer mortar
joints.

4. Proposal of simplified mechanical model: Failure by induced
tension

4.1. Mechanical aspects of the wall failures

According to the cracking mode on the diagonal compression
test, the simultaneous compression and tension along the

Nomenclature

Lb length of the block
Hb height of the block
eb thickness of the block
rv vertical strength of the block
rh horizontal strength of the block
rc (c) diagonal compressive strength
rt (c) diagonal tensile strength
t tensile vs. compressive diagonal strength ratio
t mean value of the variable t
t standard deviation value of the variable t
Lw length of the wall
Hw height of the wall
Fexp experimental lateral load

Fth theoretical lateral load
l theoretical vs. experimental lateral load ratio
~lb width of the compressive diagonal strut
Ad diagonal area that resist the induced tension
lc fitting parameter for the diagonal width
r fitting parameter for the diagonal width
c = cd angle between the compressive diagonal and the verti-

cal direction
cb angle of the block diagonal
cw angle of the wall diagonal
c0 internal friction angle of the constitutive materials

(blocks + joints)
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diagonals of the wall produce a pure shear stress state which may
cause the failure by cracking along the compressed diagonal, [18].
The authors consider that the cracks may be due to induced ten-
sion along the diagonal, perpendicularly to the compression direc-
tion (Fig. 5). Actually, this may due to the heterogeneities of the
constitutive materials. Their Poisson coefficients are different, so
that induced tension may appear.

Fig. 1. Experiments on walls at CSTB.

Table 1.a
Features of Serie-1

Parameter Unit Wall number

1 2 3 4

Block
Length: Lb m 0.5
Height: Hb m 0.21
Ratio: Hb/Lb – 0.42
Thickness: eb m 0.2
Strength vertical: rv MPa 5.8
Horizontal: rh MPa 8.39
Ratio: rh/rv – 1.45
Materials – Clay blocks
Blocks casting – 1/2–1/2 1/3–2/3

Type of joint – Thin layer mortar
Vertical joints – Empty Full Empty Empty

Wall
Length: Lw m 1.06 1.06 1.55 3.36
Height: Hw m 2.72
Hw/Lw – 2.56 2.56 1.75 0.81
Capacity: Fexp kN 105 128 174 226

Table 1.b
Features of Serie-2

Parameter Unit Wall number 1

Block
Length: Lb m 0.5
Height: Hb m 0.3
Ratio: Hb/Lb – 0.6
Thickness: eb m 0.2
Strength vertical: rv MPa 11.1
Horizontal: rh MPa 0.92
Ratio: rh/rv – 0.08
Materials – Clay blocks
Blocks casting – 1/2–1/2

Type of joint – Thin layer mortar
Vertical joints – Empty

Wall
Length: Lw m 1.06
Height: Hw m 2.79
Hw/Lw – 2.63
Capacity: Fexp kN 59

Table 2
Features of Serie-3

Parameter Unit Wall number

1 2 3 4 5 6

Block
Length: Lb m 0.5 0.5 0.25 0.25 0.5 0.5
Height: Hb m 0.2 0.2 0.25 0.25 0.25 0.25
Ratio: Hb/Lb – 0.4 0.4 1 1 0.5 0.5
Thickness: eb m 0.2 0.2 0.38 0.38 0.2 0.2
Reference – T1 T1 T2 T2 T3 T3
Strength vertical: rv MPa 2.7 2.7 19.6 19.6 12.8 12.8
Horizontal: rh MPa 8.39 8.39 5.43 5.43 1.4 1.4
Ratio: rh/rv – 3.11 3.11 0.28 0.28 0.11 0.11
Materials – Clay blocks
Blocks casting – 1/2-1/2

Type of joint – Mortar
Vertical joints – Full Empty Full Empty Full Empty

Wall
Length: Lw m 3.45
Height: Hw m 2.63 2.63 2.61 2.61 2.61 2.61
Hw/Lw – 0.76 0.76 0.76 0.76 0.76 0.76
Capacity: Fexp kN 432 374 504 306 210 167
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4.2. Proposal of a simplified mechanical model

The existing compressive diagonal model, that is widely used,
has to address the main following topics: angle of the diagonal,
compressive strength of the diagonal, equivalent diagonal width

Table 3
Features of Serie-4

Parameter Unit Wall number

1 2 3 4

Block
Length: Lb M 0.63
Height: Hb M 0.25
Ratio: Hb/Lb – 0.4
Thickness: eb M 0.2
Strength vertical: rv Mpa 4 4 5.38 5.38
Horizontal: rh Mpa 2 2 2.69 2.69
Ratio: rh/rv – 0.5 0.5 0.5 0.5
Blocks casting – 1/2-1/2

Type of joint – Thin layer mortar
Vertical joints – Full Empty Full Empty

Wall
Length: Lw M 3.71 3.73 3.71 3.72
Height: Hw M 2.5
Hw/Lw – 0.67
Capacity: Fexp KN 227 204 233 201

Table 4
Features of Serie-4 (concrete blocks series)

Parameter Unit Wall number

1 2 3 4 5

Block
Length: Lb m 0.50
Height: Hb m 0.20
Ratio: Hb/Lb – 0.40
Thickness: eb m 0.20
Reference – Concrete block
Strength vertical: rv MPa 9.30
Horizontal: rh MPa 4.65
Ratio: rh/rv – 0.50
Blocks casting – 1/2–1/2

Type of joint – Mortar Mortar Mortar Mortar Thin layer mortar
Vertical joints – Full Empty Full Empty Empty

Wall
Length: Lw m 3.74 3.75 3.71 3.70 3.71
Height: Hw m 2.61 2.61 2.61 2.61 2.65
Hw/Lw – 0.70 0.70 0.70 0.71 0.71
Capacity: Fexp kN 556 429 534 380 480

Fig. 2. Some hollow blocks used for the walls.

Fig. 3. Various (Hw/Lw) ratio values.

Fig. 4. Compressive diagonal model.
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that resists the lateral load. This diagonal width requires an empir-
ical determination.

The proposed alternative model suggests that the diagonal
resistance against the induced tension should be expressed as
follows:

Fth ¼ Ad � rtðcÞ � f ðcÞ ð7Þ

Ad ¼ eb �
Hw

cosðcÞ

� �
ð8Þ

rtðcÞ ¼ t � rcðcÞ ð9Þ

f ðcÞ ¼ cot gðcÞ ð10Þ

rcðcÞ ¼

ðrh � rvÞ2

ðrh � cos cÞ2þðrv � sin cÞ2

� �1
2

: Elliptic
or

rh � rv
rh � cos cþrv � sin c

� �
: Linear

8>><
>>: ð11Þ

where, Fth = lateral wall capacity, eb = block thickness, c = cd = angle
between the compressive diagonal and the vertical direction,
rc(c) = compressive strength of the orthotropic bricks along the
diagonal, rh = horizontal compressive strength of the bricks,
rv = vertical compressive strength of the bricks, Ad = diagonal area
that resist the induced tension, f(c) is a trigonometric function that
may be considered in order to express the resistance in tension of
the diagonal under an the horizontal load, f(c) = cotg(c) is adopted
as the best fitting function among other trigonometric functions
(sin, 1/sin, cos, 1/cos, tg) and m is the ratio between the strength
in tension rt and the compressive strength rc. The authors have as-
sumed herein that the diagonal compressive strength, rc, may be
derived from the two orthotropic strength, Eq. (10), by either an
elliptic relationship (as considered in Eq. (3)) or a linear
relationship.

The present mechanical model addresses the case of wall failure
by diagonal cracks, omitting in the present step the case of failure
by shear.

Table 5.a
Theoretical vs. experimental walls bearing capacities: Serie-1

Parameter Unit Wall number

1 2 3 4

Type of joint – Thin layer mortar
Vertical joints – Empty Full Empty Empty

Wall
Length: Lw m 1.06 1.06 1.55 3.36
Hw/Lw – 2.56 2.56 1.75 0.81
Capacity: Fexp kN 105 128 174 226

Compressive diagonal model
Angle: c [�] 21.3 21.3 29.7 38.4
l = Fth/Fexp – 2.63 2.51 2.23 2.25

Table 5.b
Theoretical vs. experimental walls bearing capacities: Serie-2

Parameter Unit Wall number

1 2 3

Type of joint – Thin layer mortar
Vertical joints – Empty Empty Full

Wall
length: Lw m 1.06 3.75 3.75
Hw/Lw – 2.63 0.74 0.74
Capacity: Fexp kN 59 222 175

Compressive diagonal model
Angle: c [�] 20.8 29.1 53.3
l = Fth/Fexp - 1.92 0.52 0.77

Table 6
Theoretical vs. experimental walls bearing capacities: Serie-3

Parameter Unit Wall number

1 2 3 4 5 6

Type of joint – Mortar
Vertical joints – Full Empty Full Empty Full Empty

Wall
Length: Lw m 3.45 3.45 3.45 3.45 3.45 3.45
Hw/Lw – 0.76 0.76 0.76 0.76 0.76 0.76
Capacity: Fexp kN 432 374 504 306 210 167

Compressive diagonal model
Angle: c [�] 52.7 51.3 52.9 26.6 52.9 45
l = Fth/Fexp – 1.11 1.06 1.00 1.00 0.98 1.05

Table 7
Theoretical vs. experimental walls bearing capacities: Serie-4

Parameter Unit Wall number

1 2 3 4

Type of joint – Thin layer mortar
Vertical joints – Full Empty Full Empty

Wall
Length: Lw m 3.71 3.73 3.71 3.72
Hw/Lw – 0.67 0.67 0.67 0.67
Capacity: Fexp kN 227 204 233 201

Compressive diagonal model
Angle: c [�] 56 51.3 56 51.3
l = Fth/Fexp – 1.73 1.75 2.27 2.38

A. Mebarki et al. / Construction and Building Materials 23 (2009) 1109–1117 1113
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4.3. Analysis of the induced tension model validity

The authors have analyzed its accuracy in the case of the whole
available data. The theoretical bearing capacity values have been
compared to the observed walls strengths, as summarized in (Ta-
bles 9–12). They correspond to the linear form of Eq. (11). One
should notice that for the whole walls under study, the case of
empty vertical joints leads to smaller bearing capacity when com-
pared to the case of full vertical joint. In the case of linear relation-
ship between the diagonal and the orthotropic compressive
strengths, the remaining results show that the ratio m = rt(c)/
rc(c) ranges within the interval:

– [0.09–0.12] for Serie-1 and Serie-2.
– [0.04–0.13] for Serie-3. In fact, three kinds of masonry blocks are

considered for these sets. For each set of blocks, the ratio
remains almost the same except for the type T2 of the blocks.

– [0.07–0.11] for the Serie-4.
– [0.10–0.11] for Serie-5.

The values obtained for the ratio m = rt(c)/rc(c) are summarized
in (Tables 9a, 9b, 10–12) with a mean value:

t ¼ 0:1; i:e: rtðcÞ ¼ t � rcðcÞ ð12Þ

The theoretical diagonal resistance against the induced tension,
derived from Eqs. (7)–(9) becomes therefore:

Fth ¼ Ad � t � rcðcÞ � f ðcÞ ð13Þ

The ratio (l) between the theoretical and experimental bearing
capacities of the masonry wall is therefore defined by

l ¼ Fth=Fexp ð14Þ

Fig. 6. shows that the induced tension model has a good effi-
ciency as more than 90% of this ratio values range within the inter-
val [0.75–1.25], whereas the compressive diagonal model provides
only 45% efficiency within the same interval (Fig. 6). However,

Table 8
Theoretical vs. experimental walls bearing capacities: Serie-5

Parameter Unit Wall number

1 2 3 4 5

Type of joint – Mortar Mortar Mortar Mortar Thin layer mortar
Vertical joints – Full Empty Full Empty Empty

Wall
Length: Lw m 3.74 3.75 3.71 3.70 3.71
Hw/Lw – 0.70 0.70 0.70 0.71 0.71
Capacity: Fexp kN 556 429 534 380 480

Compressive diagonal model
Angle: c [�] 55.1 51.3 54.9 51.3 51.3
l = Fth/Fexp – 1.16 1.27 1.21 1.43 1.13

Fig. 5. Induced tension along the diagonal.

Table 9a
Induced tension model vs. experimental walls bearing capacities: Serie-1

Parameter Unit Wall number

1 2 3 4

Reference – 04147 04248 05002 04133

Type of joint – Thin layer mortar
Vertical joints – Empty Full Empty Empty

Wall
Length: Lw m 1.06 1.06 1.55 3.36
Hw/Lw – 2.56 2.56 1.75 0.81
Capacity: Fexp kN 105 128 174 226

Induced tension model
Diagonal:
Angle: c [�] 21.3 21.3 29.7 38.4
Strength: rc(c) MPa 4.9 4.9 4.79 4.78
Length: Ldiag m 2.92 2.92 3.13 3.47
Area: Sdiag m2 0.58 0.58 0.63 0.69
m = rt(c)/rc(c) – 0.09 0.11 0.10 0.09

Table 9b
Induced tension model vs. experimental walls bearing capacities: Serie-2

Parameter Unit Wall number 1

Type of joint – Thin layer mortar
Vertical joints – Empty

Wall
Length: Lw m 1.06
Hw/Lw – 2.63
Capacity: Fexp kN 59

Induced tension model
Diagonal
Angle: c [�] 20.8
Strength: rc(c) MPa 2.53
Length: Ldiag m 2.99
Area: Sdiag m2 0.60
m = rt(c)/rc(c) – 0.12

1114 A. Mebarki et al. / Construction and Building Materials 23 (2009) 1109–1117
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more sophisticated mechanical models are still required for other
typologies of masonry walls: other kinds of blocks, various joints
quality, presence of openings, presence of reinforced concrete or
metal frames, etc.

An error model is therefore considered for the following rea-
sons:

– Heterogeneity and uncertainty in the materials properties.
– Simplified approach of the walls mechanical behaviour, i.e. the

failure by induced tension in the diagonal.

– Simplified relation between the tensile and compressive
strengths.

Many error models are widely used, [22–25]. Further data are
required in order to establish the most adequate error model. How-
ever, we assume, at the present stage, that the error model may be
adequately described by one among the following distributions:

– The gamma distribution.
– The log-normal distribution.
– The normal distribution.

According to the results, reported in (Tables9–12), the distribu-
tion of the ratio m is so that

– The mean value t ¼ 0:1.
– The standard deviation value t ¼ 0:02.
– The coefficient of variation (c.o.v.) Cm = 20%. One should notice

that a close value of 15% of c.o.v. is commonly admitted for
the materials properties such as compressive strengths, [22].

Table 10
Induced tension model vs. experimental walls bearing capacities: Serie-3

Parameter Unit Wall number

1 2 3 4 5 6

Type of joint – Mortar
Vertical joints – Full Empty Full Empty Full Empty

Wall
Length: Lw m 3.45 3.45 3.45 3.45 3.45 3.45
Hw/Lw – 0.76 0.76 0.76 0.76 0.76 0.76
Capacity: Fexp kN 432 374 504 306 210 167

Induced tension model
Diagonal
Angle: c [�] 52.7 51.3 52.9 26.6 52.9 45
Strength: rc(c) MPa 3.13 3.08 5.63 7.82 1.62 1.78
Length: Ldiag m 4.34 4.21 4.33 2.92 4.33 3.69
Area: Sdiag m2 0.87 0.84 1.62 1.09 0.87 0.74
m = rt(c)/rc(c) – 0.12 0.12 0.04 0.07 0.11 0.13

Table 11
Induced tension model vs. experimental walls bearing capacities: Serie-4

Parameter Unit Wall number

1 2 3 4

Type of joint – Thin layer mortar
Vertical joints – Full Empty Full Empty

Wall
Length: Lw m 3.71 3.73 3.71 3.72
Hw/Lw – 0.67 0.67 0.67 0.67
Capacity: Fexp kN 227 204 233 201

Induced tension model
Diagonal
Angle: c [�] 56 51.3 56 51.3
Strength: rc(c) MPa 1.8 1.83 2.43 2.46
Length: Ldiag m 4.47 4.00 4.47 4.00
Area: Sdiag m2 0.9 0.8 0.9 0.8
m = rt (c)/rc (c) – 0.09 0.11 0.07 0.08

Table 12
Induced tension model vs. experimental walls bearing capacities: Serie-5

Parameter Unit Wall number

1 2 3 4 5

Type of joint – Mortar Mortar Mortar Mortar Thin layer mortar
Vertical joints – Full Empty Full Empty Empty

Wall
Length: Lw m 3.74 3.75 3.71 3.70 3.71
Hw/Lw – 0.70 0.70 0.70 0.71 0.71
Capacity: Fexp kN 556 429 534 380 480

Induced tension model
Diagonal
Angle: c [�] 55.1 51.3 54.9 51.3 51.3
Strength: rc(c) MPa 4.20 4.25 4.21 4.25 4.25
Length: ldiag m 4.56 4.18 4.54 4.18 4.24
Area: Sdiag m2 0.91 0.84 0.91 0.84 0.85
m = rt (c)/rc(c) – 0.10 0.10 0.10 0.10 0.11
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We adopt therefore for the ratio m:

– Two kinds of distribution that are widely used once the mean
and the standard deviation values are known, i.e. a gaussian
and a log-normal, with a mean value t ¼ 0:1 and a c.o.v.
Cm = 20%.

– The fractiles 5% and 95% of the distribution expressed as:

t5% ¼ lt � ð1� 1:645CtÞ ð15Þ

t95% ¼ lt � ð1þ 1:645CtÞ ð16Þ

The theoretical values of the ratio m, given in (Tables 9a, 9b, 10–
12), are compared to the intervals [m5%:m95%] (Fig. 7).

Except for the blocks T2 with empty vertical joints in Serie-3,
the experimental values of the ratio m are in accordance with the
theoretical interval [m5%:m95%], for the both distributions that are
adopted for the error model.

5. Conclusion

This article is based on the experimental data collected for 20
walls tested at CSTB France: many walls slenderness, many kinds
of hollow blocks (masonry, concrete) and various types of joints
(mortar and Thin layer mortar, empty or full vertical joints).

The walls have been analyzed under the effect of a lateral load.
The patterns of cracks have been studied and the orthotropic com-
pressive strengths of the blocks have been measured.

The compressive diagonal model has been considered. Its re-
sults show a great difference with the walls bearing capacities, in
many cases. This model requires, in fact, a set of fitting parameters
that need to be adapted for each set of walls, bricks and joints.

A new model, called the induced tension model, has been pro-
posed herein. It assumes that the materials heterogeneity’s give
rise to induced tension along the diagonal. When the tensile stress

generated by induced tension along the diagonal overcomes the
tensile strength of this diagonal, cracks appear causing the wall
failure.

This model relies on the following parameters:

– Direction of the diagonal: the angle depends on the walls slen-
derness (Hw/Lw), blocks slenderness (Hb/Lb) and the kind of ver-
tical joints, as well as the internal friction angle.

– Compressive strength of the diagonal: elliptic and linear rela-
tionships are assumed in order to obtain this strengths from
the orthotropic compressive strengths of the blocks.

– Tensile strength of the diagonal: a simplified relationship has
been assumed between this strength and the compressive diag-
onal strength.

– Error model that takes also into account the materials
heterogeneities.

Under these hypotheses, the collected results show that:

– The induced tension model provides walls bearing capacities
that are in good accordance with the observed values for a wide
range of walls dimensions, blocks dimensions, kinds of joints
(empty or full), constitutive materials for both of the blocks
(concrete or clay units) and the joints (mortar or thin layer)
and blocks anisotropy (vertical or horizontal cells for the hollow
blocks). More than 90% of the ratio between the theoretical and
experimental bearing capacities range within the interval [0.75–
1.25].

– The linear relationship between the diagonal strength and the
orthotropic blocks strengths provides good results.

– Both Gaussian and log-normal error model distribution with a
20% of c.o.v. on the materials quality provide theoretical inter-
vals (5% and 95% quantiles) in which fall the theoretical predic-
tions of the mechanical model, except for one kind of blocks
when the vertical joint is empty.

This model might be therefore improved in order to consider
the presence of a vertical load on the wall and also predict the ulti-
mate strength according to two main causes of failure: induced
tension on the diagonal or shear on horizontal planes.
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