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(c) Shear bond failure
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Types of failure

!

Figure A.l - Shear failure in the unit/mortar bond area either on one or divided between two unit
faces

Figure A.2 - Shear failure only in the mortar

‘1
g
]L

Figure A.3 - Shear failure in the unit

%

Figure A.4 - Crushing and or splitting failure in the units
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Masonry Unit

Mortar

fa. mm®)

Limiting fp (Nmm™)

Group 1 clay units

LI10 to AI20

M2 5 o M9 E
M1 to M2

Group 1 units other than A10 to AI20

clay and natural stone
M2 5 o M9 E
W1 to M2 E

Group 1 natural stone units [ M2 5 o M9
LI 1o M2

Group 2a clay units

LI10 to M20D

M2.5 to M9

M1 1o M2

Group 23 and Group 2b
units other than clay and
Group 2b clay units

AI10 to M20

M2.5 o M9

M1 o M2

The lesser of longitudinal
comprezcive strength

(sec note below)
or

[1z]

Group 3 clay units

LI10 to M20D

M2,5 to M9

1 1o M2

No limits other than given by equation (3.4)

MIOTE For Group 2a and 2 mesonry unics, the longitudinal compressive strength of the unars is taken o be the measured
strength. with & vaken to be not greater than 1,0, When the longimidinal compressive strength can be expected o be grester
thamn 0.15 f,, by consideration of the partern of holes, teste are not necezzary.

4&
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$ 9
Materials and limits for Masonry Units
Group 1 Group 2 Group 3 Group 4
(all Horizontal
ials) | Units Vertical holes :
materials) heles
: . clay 25:<55 >25:<70 >25,<70
Volume of all ' — - —
holes calcium
<25 5. g ; o
(% of the = i 23:<55 not used not used
gross volume) . .
concrete © >25:<60 >25.<70 >25.<50
each of multiple | each of multiple ’
each of
holes <2 holes <2 .
clay . : multiple holes
; gripholes up to a | gripholes up to a <30
total of 12.5 total of 12,5 -
Volume of any each of multiple
hole . calcium holes < 15
5 <12S = ; - not used not used
(% of the silicate | gripholes up to a
gross volume) total of 30
each of multiple | each of multiple .
N - each of
b holes < 30 holes < 30 . ]
concrete . : multiple holes
gripholes up to a | gripholes up to a <5
total of 30 total of 30 -
web shell web shell [ web | shell
Declared -
values of No clay >3 >38 >3 >6 >5 | 26
thickness of require- | calcium s 5
o gk >5 > not use not use
webs and ment silicate Z 10
shells (mm)
concrete [ >15 [ >18 >15 | =15 | =220 | =20
Declared value clay > 16 >12 >12
of combined caleium
thickness @ of No - >20 not used not used
: silicate
webs and require-
shells (% of ment
the overall concrete ? >18 >15 > 45
width)

4 The combined thickness is the thickness of the webs and shells, measured horizontally in the relevant
direction. The check is to be seen as a qualification test and need only be repeated in the case of principal
changes to the design dimensions of units.

b Iy the case of conical holes, or cellular holes, use the mean value of the thickness of the webs and the

shells.
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&' (
Mortar Calculate f, Maximum allowable value
class of f,
MPa
I 0,35+0,6ga 1.75
Il 0,15+ 0,6 ga 1.4

where ga = the design vertical load per unit area of wall cross-section due
to the design vertical loads calculated from the appropriate
loading condition given in 4.2.1.

& (" #3.
1 2 | 3
Compressive strength at 28 d
Mortar class MPa, min.
Preliminary Works tests
(laboratory)
tests
I 14,5 10
Il 7 5
1 2 15
_@ |
+ 3 7 ! .
&!
+1
A0 * $
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TEST DIRECTION A

Couplet specimen

test direction A

Brick dimensions
210mm x 70mm x 100mm
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100 mm thick ﬁ

single wall

210 mm Double wall
10 mm mortar
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Initial Shear mould used in testing
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shear force
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Four Possible Failure Patterns of Masonry (Couplet) in Shear

Shear failure in the unit/mortar bond area either
on one or divided between two unit faces

2 Shear failure only in the mortar
3 shear failure in the unit

4} Crushing and or splitting failure in the units

BS EN 1052-3:2002 - Determination of initial shear strength
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Failure Patterns of specimens cured at
28 days for load configuration 1
(vertical precompression load)

failure pattern 1
16%

failure pattern 2
0%

_~ failure pattern 3
17%

failure pattern 4
67%

m failure pattern 1 mfailure pattern 2 failure pattern 3w failure pattern 4

Failure Patterns of specimens cured at
28 days for load configuration 3
(vertical precompression load)

failure pattern 4
17%

—_

failure pattern 2
0%

failure pattern 3
0%

failure pattern 1
83%

o failure pattern 1 m failure pattern 2 m failure pattern 3w failure pattern 4

Failure Patterns of specimens cured at
28 days for load configuration 2
(vertical precompression load)

failure pattern 4
40%

N N

failure pattern 3
0%

failure pattern 1

| 6%

failure pattern 2 o
0%

o failure pattern 1 mfailure pattern 2 ® failure pattern 3 ® failure pattern 4

Failure Patterns of specimens cured at
28 days for load configuration 4
(vertical precompression load)

failure pattern 4
17% e
failure pattern 2
0%

failure pattern 3
0%

mfailure pattern 1 m failure pattern 2 m failure pattern 3w failure pattern 4
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Failure Patterns of specimens cured at
44 days for load configuration 1
(vertical precompression load)

failure pattern 4 ——__ =
17% y

failure pattern 3
0%

failure pattern 1 [
= 83%

o failure pattern 1 m failure pattern 2 m failure pattern 3 m failure pattern 4

Failure Patterns of specimens cured at
44 days for load configuration 3
(vertical precompression load)

————_failure pattern 4
0%

N
., failure pattern 2
‘ 0%

: —
failure pattern 3
0%

failure pattern 1
- 100%

Hfailure pattern 1 M failure pattern 2 failure pattern 3w failure pattern 4

failure pattern 2~

Failure Patterns of specimens cured at
44 days for load configuration 2
(vertical precompression load)

failure pattern 4| _
33% y
X7

—
/] \ failure pattern 1
/ 67%
failure pattern 2
0%

B failure pattern 1 M failure pattern 2 failure pattern 3w failure pattern 4

Failure Patterns of specimens cured at
44 days for load configuration 4
(vertical precompression load)

failure pattern 4 ="
20%

0%

o failure pattern 1 M failure pattern 2 W failure pattern 3 failure pattern 4
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Failure Patterns of specimens cured for
28 days tested in test direction B for
load configuration 1 (vertical
precompression load)

failure pattern 1
100%

 failure pattern 1 ®failure pattern 2 W failure pattern 3 ® failure pattern 4

Failure Patterns of specimens cured for
28 days tested in test direction B for
load configuration 3 (vertical
precompression load)

failure pattern 4
40%

failure pattern 1

60%

o failure pattern 1 m failure pattern 2 m failure pattern 3 m failure pattern 4

Failure Patterns of specimens cured for
28 days tested in test direction B for
load configuration 2 (vertical
precompression load)

failure pattern 4~
20%

W failure pattern 1 mfailure pattern 2 W failure pattern 3 failure pattern 4

Failure Patterns of specimens cured for
28 days tested in test direction B for
load configuration 4 (vertical
precompression load)

failure pattern 1
50%

i

failure pattern 4 _ ’1(
50%

mfailure pattern 1 m failure pattern 2 m failure pattern 3w failure pattern 4
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on =the applied pre-compression
Materials and Equipment

Out of all the available masonry units on the market, cement-stock bricks were used. These
bricks have flat rough surfaces they do not contain holes. The bricks were purchased and
were already dry when used in the experiments. Their batch designated a nominal
compressive strength of 7 MPa.

The mortar was produced using a cement of grade 32.5N.Building sand was obtained from
the local hardware.

Cement to sand ratio of 1:6 per volume was used and gave a 28 day cube compressive
strength of 4 MPa. A water to cement ratio of 4:3 was used in all experiments this was found
to give a consistent mix. In relation to the 4.3 water to cement ratio that was used it should
be noted that the water requirement for sand cement mixes are much greater than for
concrete mixes. [3]

Both sides of the bricks were pre-wetted before applying the mortarto the bricks.
:I'he configuration of two bricks with the mortarin between forms a brick couplet as is shown

in figure 1 below. Brick couplets were produced and cured in a water tank in ambient
temperature for 4, 7 and 28 days before testing.

Figure 1

The experimental apparatus used was the shear box testing machine, figure 2, used for
obtaining the shear strength of soils. Two customized components consisting of a concrete
mould, figure3, and a steel plate figure 4 which were created in the workshop.

Figure 2 Figure 3 Figure4

The shear box consists of two castiron boxes. The top box is immovable contrary to the
bottom one, which translates freely horizontally according to the designed horizontal external
load, applied to it. In the bottom box, a concrete mould, with a hollow core of the size of a
brick, contained by a steel frame in its external perimeter, was placed to enable the testing of



placed right on the top of the brick couplet, accommodated the upper part of the brick
couplet, allowing the 15% of the bottom part of the upper brick to remain outside the mould.
In order to identify the failure pattern of the couplet either due to brick or mortar shear failure
i.e. the area of the couplet exposed to the applied shear force was the mortar plus 15% of
each individual brick.

Methodology

Cement bricks were used and as cementis hygroscopic, the dry state of the bricks would
absorb part of the water from the mortar, weakening the mortar thereby leading to false
experimental conclusions. In order to avoid the above distortion, the individual bricks were
pre-wet before application of the mortar.

Mortar was applied within 1 hour of being mixed according to [4]

The mortar was applied to one brick the other brick was placed on top. The top brick was
then tapped three times with the handle of the trowel to ensure full contact between the
mortar and the surface of the brick. A compressive load of seven kilograms, giving a stress
of 3.2kPa over the brick surface of 100mm x 210mm, falling into the recommended values
as stipulated by [4]) of two to five kPa, was then applied to the couplet for 24 hours.
Thereafter the load was removed and the couplet was placed in a water curing tank ,
contrary to the [4] which states the specimens must be cured in air, for 7 or 28 days
depending on the scheduled experiment.

The brick couplet was removed from the curing tank a day before testing took place

The brick couplet was placed in the concrete mould the steel mould was then placed on top
a constant vertical load was applied to the couplet; the vertical loads applied were of
magnitude 50,100 and 150 kg. The horizontal shear force was then applied {ill failure .The
horizontal shear force and deflection were then recorded.

Experimentation Strategy

The main objective of the experiments was to find the maximum horizontal shear force
responsible for the failure of the couplets












