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ABSTRACT

In many circumstances the walls of a building do not
continue down to the foundations but are supported on a
framed sub-structure. The large open spaces required in
multi-storey buildings are examples of this.

If in the structural analysis of a framed building,
a beam spanning an opening is considered to totally support
the wall above it, this would result in very large
supporting beams and columns.

However, if in the design, the wall and its
supporting beam is considered to act as a composite member,
the wall loading can be redistributed along the beam, which
in effect considerably reduces the beam dimensions.

This dissertation presents an experimental and
analytical investigation of composite wall behaviour,
comparing experimental and analytical results

The experimental investigations include tests
carried out on the materials used in the wall construction
to obtain the elastic modulus constants and load tests to
failure on nine brick walls supported on pre-cast concrete
lintels.

The lintels used in the experimental investigation
were supplied by SHOFCO (Structural Hollow Floor Co.)
Robertsham, Johannesburg, who also supplied values of Moment
and Shear-resistance with number of brick courses on the
lintel. These values were compared to the results obtained

in the load tests.
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PRINCIPAL NOTATIONS

Total depth of wall

Maximum flexure strain in brickwork
Maximum flexure strain in concrete
Modulus of Elasticity of brickwork
Modulus of Elasticity bf concrete
Maximum flexure stress in brickwork
Maximum flexure stress in concrete

Second moment of area of brickwork about wall neutral
axis

Second moment of area of concrete akout wall neutral
axis

Wall span

Bending moment

Depth to neutral axis
Wall thickness

Depth of lintel



CHAPTER 1 - INTRODUCTION

It has long been known to designers that composite
construction in its many forms contributed to the stiffening
of a structure. The simplest form of composite
construction is the reinforced concrete beam, in which two
materials acting together resist stresses and deformations
to support an applied 1load.

A more complex form of composite éonstruction is a
multi-storey framed building. No matter whether the frame
is of reinforced concrete or steel members encased in
concrete, the columns and beams of the framework act like
.he reinforcement in a reinforced concrete beam, in the
‘ellular connection of slabs or shells forming the floors
and walls.

When a beam supports a masonry wall over an opening,
the in-plane rigidity of the wall makes it act like an arch,
spanning the opening. Any additional vertical loads on the

'wall are not transmitted vertically down bﬁt are |
redistributed towardé the ends of the beam and the final
loading on the support beam is concentrated mainly near the
beam supports. Due to this action the beam acts primarily
as a tie and is subjected to greatly reduced bending moments.

Figure 1.1 shows a simplified form of composite
action, in which the wall acts as an arch, the beam as a tie

1

and the rediStribution of vertical loads on the beam acts

near the supports.
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The high vertical stresses and horizontal shear and bond
stresses induced near the supports were a product of
arching action through composite behaviour and frequently
caused panel failure as can be seen in the experimental
results obtained in the wall loading tests.

A study of composite action was therefore of

importance for obtaining a much closer approximation of the

actual behaviour of a structure.



CHAPTER 2 - LITERATURE SURVEY OF PREVIOUS WORK ON
COMPOSITE WALL CONSTRUCTION

This section contains‘a literature review of work carried
. out on composite wall construction, beginning in the early
fifties.

In 1951, the Building Research Statioﬁl conducted a
series of tests on the New Government Offices, Whitehall
Garaens. This building consisted of a steel framework,
all the beams and stanchions were encased in concrete at
the same time as the solid reinforced concrete floor slabs
were poured and with the same concrete. The outside walls
were brick faced‘with Portland stone, 13,5 inches thick
overall.

Tests were carried out on part of the steel frame
from initial erection through the placing of the walls and
floors and subsequent live loading on the complete building.
These tests gave a complete stress history of parts of the
steel framework and from the results obtained, stresses
induced in the beams due to their interaction with floors
and walls were reduced by up to ninety per cent. This
reduction was a result of composite action throughout tﬁe
building.

R.H. Wood2 in 1952 conducted the earliest
experimental inQestigations into the composite action of

beams supporting masonry walls. The commonly assumed

design loading for a reinforced concrete beam supporting a



masonry wall hed been its capacity to suppcrt a triancular
load of bricks, the base of the triangle being the span of

the beam as shown in Figure 2.1.
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It was not known what portion, if any, of a superimposed
load should be added to the triangular load and was usually
neglected. Wood found in his investigations that a beam
supporting a brick panel produced an arching effect in the
brickwork achieving a greater overall stiffness, the
supporting beam mainly acting as a tie reinforcement.

In the experiments carried out, the steel stresses in
the supporting beams were determined and found to be very
low. Woods consequently determined 'Equivalent' central

design moments for beams supporting plain walls. These



moments were as low as W1/100, where W wvas the total
uniformly distributed 1load. Further results of tests on a
nine inch solid brick wall, eight feet high, supported by a
reinforced concrete beam over a ten foot span gave the
following eguivalent bending moments from the steel stress

in the beam.

TABLE 2.1
TOTAL APPLIED DISTRIBUTED EQUIVALENT BENDING
LOAD (TONS) * MOMENT (TONS FT)
6 W1l/274
15 W1/248
18,5 W1/218
29,8 W1/130

*Not incluaing dead weight of wall = 4 Tons

Wood concluded that the moments induced in a panel depend
on the relative stiffness of beam and brick wall, the
greater the beam stiffness, the more it carries at its
centre. The more flexible the beam, the brick panel
produces a bigger arching effect and tends to become self-
supporting..

The composite action induced high local compressive
stresses and high shear and bond stresses near the supports.
A diagram showing typical results of vertical load

distribution on a beam is given in Figure 2.2.
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These stress concentrations developed a fixing moment near
the support reducing the central beam deflections and
moments, but adversely the bricks near the supports were
subjected to crushing and vertical cracking due to tensile
failure. Wood also presented another conservative design
rule for deep panels and.this was the 'Limiting Moment Arm
Method"'. It proposed that the steel reinforcement may be
designed using a moment arm of two thirds the depth of the
‘panel with a limit of 0,7 times the wall span.

In 1961, S. Rosenhaupt3 published a paper 'Elastic
Analysis of Composite Walls - A General Théory‘. In this
paper a general.éolution for the composite action of
masonry walls and the beams or ties stiffening their outer
edges was given and the theoretical solutions for particular
cases wvere derived from it. Also the influence of the
position and rigidity ratio of wall and ties were studied.

In 1962 S.~Rosenhaupt4 published the results of -load

tests to failure on twelve model walls, each wall consisting



of masonry supported on a reinforced concrete beam,
supporting a uniformly distributed load. These tests
showed a concentration of vertical stress in the bottom
layer of bricks, near the supports, approximately three to
four times higher than the external load. This stress
concentration was found to increase with wall height. In
some of the tests, vertical edge ties were included which
relieved the lower layeré of brickwork.of the vertical
stress concentration, reduced tﬁe horizontal shearing
"stress in the masonry and reduced the defléction.

In 1964 the Structural Clay Products Research
Foundation (SCPRF)5 in the United States published the
results of a series of tests on brickwork. The tests were
on small scale specimens which were to determine the
influence of mortar properties, brick properties and joint
thicknesses on brickwork strength. Results of the
experiments conducted indicated that higher brick and mortar
strengths were associated with higher brickwork strengths
and that the thickness of the mortar joints were linear and
inversely related to the compressive strength of brickwork.

Prasan, Hendry and Bradshaw6 in 1965 published the
results of tests on seventeen 4,5 inch thick brick walls
loadéd between reinforced concrete slabs and the following .
points were noted in their conclusions.

| Typical modes of failure were by transverse splitting
which indicated that the tensile étrength of the bfick and
also the properties of the horizontal mortar joints, such as
Young's Modulus aﬁd Péisson's Ratio may be of primary

importance in determining the strength of brickwork.

~J



Increases in brickwork strength of over sixty per cent
were observed when every bed joint was reinforced horizontally.

Horizontally reinforced brickwork appeared to be
advantageous for highly stressed brickwork and under beam
bearings-

The code of practice C.P.111 (1964) limit of eighteen
for the slenderness ratio of load bearing walls appeared
conse;vative for walls restrained by concrete slabs.

An approximate method of analysis of walls acting
compositely with supporting beams was presented by Coull7
in 1966.

The analysis consisted of expressing the stresses in
the wall as power series in the horizontal direction, the
coefficients being functions of wall height only. After
the equilibrium and boundary conditions were satisfied for
both beam and wall, the remaining coefficients were
determined by minimizing the strain energy of the system.

The problem reduced to solving a fourth order differential
equation subject to different boundary conditions.

Different sample curves were given to indicate the influence
on the‘stresées of the various stiffness and geometrical
parameters involved.

The theory indicated that under the action of a
uniform vertical load on the upper edges of the wall, tensile
forces existed between the wall and beam interface as shown
in Figure 2.3a and shear stresses existed in this same plane
as shown in Figure 2.3b. Also the wall height/beam span
ratio and wall/beam stiffness ratio affe?ted the magnitudes

of the wall stresses much more than the beam depth/wall

height ratio.
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He noted finally that for walls whose height is
greafer than the span, practically no diffusion of stress
occurs in a section abové the unit depth : span position.

In 1969, P. Burhouse8 carried out a number of wall
tests to failure at the Building Research Station, Watford,
England. The walls‘were simply suppprted on either
encased steel joists or reinforced concrete beams. These
tests were mainly concerned with the height to span ratio
of the walls and to compare the behaviour of the walls
acting in conjunction with reinforced concrete beams and
concrete encased steel beams.

Of ten tests carfied out, failure in all excépt one
test occurred by crﬁshing of the brickwork at the bottom
corner of a panel. Based on a lQad factor of five,

Burhouse compared the working loads obtained with those



given in Cc.P.111 and suggested that the workinq loads on
the wall forming part of composite beams should be less
than the working loads derived in accordance with C.P.111
which assumed a rigid foundation. |

Further points he made in his comments were that
composite wall aétion between wall and beam would not take
place without the transfer of shear stress across the
interface between the two components, nor without transfer
of shear stress across the mortar joints between courses of
brickwork. The joint between wall and beam had to be
capable of transferring a force greater than the calculated
tensile force in the beam by a suitable margin.

Considering one of the tests on a brick wall supported
by a reinforced concrete beam having top and bottom reinforcement,
simply supported and carrying a uniformly distributed load,

this gave the strain pattern shown diagrammatically in Figure 2.4.
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In 1969, J.R. Colbourne9 developed theoretical
expressions for the stresses induced in wall/beam structures.
The wall and beam were represented by a lattice analogy, in
which it was assumed that the system remained elastic. The
analogy was then used to derive equilibrium equations for
éoints near the eéges of the wall and for points affected
by the beam. Sets of equations were solved to give
| aisplacements>Which were used to find stresses in the wall
and stress resultants iﬁ the beam. Results were compared
with Rosenhaupt3 and Coull7 and a fairly good agreement was
obtained.

In 1969, Male and Arbon'® published a paper in which
the Finite Element technigue was used to analyse walls
resting on simply supported beams. The effect of openings
in the wall on the stress distribution was studied and the
position of these openings was found to be éritical. The
interaction between wall,. beam and soil was also studied,
taking into account the swelling of the.soil.

From the analysis they concluded that

(1) For full composite action to develop, shear
stresses must be transmitted efficiently across the
boundary between wall and beam. Comparatively high shear
stresses bet@een wall and beam occurred near the supports
in all the cases considered and it was shown that a shear
failure at the interface résulted in high tensile stresses
being developed in the wall with the probability of cracking.

(2) when the load was applied at floor or beam
level, high tensile strssses in the vertical direction

occurred at the interface and for full composite action to

oy

—t



take place, the separation of wall and beam must be
Preventéd by prestressing or tensile connectors.

(3) In the case of door openings in the wall, when
the opening occurred at mid-span, little disturbance in the
stress field occurred. When the opening was placed near
to a support, high tensile stresses occurred neaf the top
of the door.

'(4) Invesfigation into the interaction between wall,
beam and soil showed that in a typical non-expansive soil,
the stresses in both beam agd wall were only about one fifth
of those which:occurred in point support cases. However,
when swelling, resulting from expansive soils produced
upward heaving at the ends and then at the centre, the stress
levels approached those in a wall with simple supports.

In 1969, Wood and Simmsll carried out further
experiments intending to extend Wood's original work on
wall/beam interaction and equivalent design moments. The
essential point at issue was that if load-bearing
'engineering' walls were heavily loaded right up to the
limits given in C.P.111, then there was little or no reserve
left for the concentrated brick stress demanded by composite
action with its arching. The further tests conducted
produced a more conservative design based on an intuitive
assessment of composite action in the light of the extra
tests carried out and recognising an inéreased safety
factor for brickwork combined with reinforced concrete.

The problem they attempted to solve was to find some
sliding scale Eguivalent Bending Moment W1/K Whére K waé a

number ranging from a maximum of 100 for full composite

action with lightly loaded walls down to a minimum of



K = 8 where all composite action had disappeared.

In their analysis they took into account the effect
of a horizontal shear force H at the interface between beam
and brickwork producing a negative moment of H(%) where
b = depth of beam. The bending moment was related to the
stress concentrations in the wall and at wall failure the
vertical load on the beam waé uniformly distributed close
to the supports.

Their final design formula from which K was obtained

was -
R.F. } (176 + K) (154 - K(X - 8)/92))
~ (184) (19, 25K)
where R = Stress reduction factor

F = Reduction factor for wall slenderness.
The equivalent bending moment was calculated conservatively

using the design curve shown in Figure 2.5.
/
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vettram and Hirst12 in 1971 presented an elastic
analysis for walls supported by simple beams. They
jdealised a wall/beam structure as a set of eguispaced
vertical stringers, which carried direct load, with shear
carrying panels between them. Any distribution of vertical
Joad should be considered which included the wall self-weight.
An allowance for Poison's Ratio effects were included.

The numerical solution gave ratios of direct
vertical stress at varying depth levels down the edge of the
wall to vertical stress applied at the top of the wall, it
also showed that the bending moments substantially increased
all across the span as the beam stiffness increased.

The results compared favourably with those obtained
by Colbourne9 and Rosenhaupt,3 but when compared with
Coull's7 results they predicted higher values to the
stresses over the significant region near the supports.

Smith and Riddingt'on13 in 1973 presented a paper in
which a design method was derived for masonry wall on steel
beam structures and the results of a series of tests on
models consisting of dental plaster walls oﬁ simply
supported rectangular steel section beams were analysed.

The authors, when deriving basic formulae stated that
when arching action occurred, the beam sebarated from the
wall in the mid-span region as shown in Figure 2.6a and the
vertical compressive stress and horizontal shear distribution
at the intérface of the wall and beam took the form shown
typically in figures 2.6b and 2.6c. Both distributions
being réasonably approximated by a triangular distributionv

shown in Figure 2.64 but to a different scale.
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ijn Figure 2.6a, the length of contact 'l' was governed by
the relative stiffness of wall and keam, the stiffer the
.beam, the larger the length of contact.
The length 'l' was expressed by the relationship
1/ = B/K or 1 = BL/K
where B is a constant derived from the peak wall stress or
wall crushing strength and K a non-dimensional relative

stiffness parameter given by
k = YE /1

where EI is the flexural rigidity of the beam. An increase
in the value of Eb or a decrease in the value of EI produced
a larger K value and a smaller length of contact.

The derivation of the design formula used in the
cqmposite action was based on (1) Peak vertical wall stress.
(2) Peak bending stress and beam deflection (3) Peak shear
stress on wall/beam interface.

Results of the teéts which were carried out showed
the vertical stress concentration in the wall to be the
major design factor. Design curves were plotted which
allowed the direct design of the beam to be obtained

without any iterative process, as shown in diagrammatic

form in Figure 2.7.
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In 1977, Stafford Smith, Khan and Wickens14 published
the results of tests designed to study the influence of beam
stiffness on the vertical strength of wall/beam structures.
The conclusions resulting from these tests were as follows:

1. For similar walls, the beam stiffness has a
substantial influence on the distribution of stress between
the wall and the beam. The more flexible the beam, the
greater stress concentrations which occurred near the
supports with larger peak stress values.

2. The beam stiffness has a significant influence
on the strength of the wall. The stiffer the beam, the
greater the wall strength. These tests confirmed that the
‘strength of the wall was approximately proportional to %/E~

" of the beam.

~

3. The magnitude of the tie force in the beam is
almost independent of the beam stiffness. The stiffer the
beam, the larger the distribution of interacting stress
which it causes, increasing the resultant bending moment.
The bending moment also varied approximately proportional to
the Q/;-of the beam. The combination of tie force and
bending moment stresses may be such that in lighter beams,

the section is completely in tension.

In 1977, A.E. Ahmed’” in his PhD thesis on Composite

‘Action gave the results and conclusions of a number of load

tests on masonry panels supported on beams. The thesis

consisted of a study of the composite behaviour of vertically .

loaded walls and the influence of significant design

-

Parameters under different boundary conditions.

The experimental investigations were carried out on



one‘third scale model brick walls, with and without
openings and supported on reinforced concrete beams. The
jnvestigations were primarily concerned with beam point
supports. Other wall support conditions were investigated
and these were fixity and continuity over the supports and
finite support width. .Loading on top of the wall and also
at beam level was investigated.

From the experiﬁental results, he concluded the
following |

(1) The beam and wall behaved compositely as a tied
arch.: The concentration of stresses near the beam supporf
was the main cause of failure. These stresses must be
transmitted efficiently‘across the interface of wall and beam.

(2) The ultimate resistance of the wall could be
increased by using bricks of higher compressive strength,
by_reinforcing the bed joints at the bottom corners of the
wall or by the inclusion of vertical stanchions along the
edges of the wall.

(3) The vertical shear stress extended from the
support section to about one tenth to one fifth of the span.
,Thé maximum bending moment in the beam occurred near the
Supports.

(4) walls with central opeﬁings had stress
distributions similar to those of solid walls. When an
Opening, such as a doorway occﬁrred near a support, tensile
Stresses developed around the top corners, the ultimate
Yesistance decreaéed to approximately one half that of a

solid wall, indicating loss of composite action.

~  Excessive beam deflections of up to 2,5 times that of a

solid wall were noted.



Figure 2.8 shows a masonry wall supported by a beam
with a doorway near its right hand support, the loading
applied to the top of the wall. It illustrates a
secondary arching action and the redistribution of the

vertical stress along the interface.
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TENSION COMPRESSION

The arching phenomen is noted in the Standards

16 It states that the bending

Association of Australia.
'prOduced in a beam or a lintel by a brick wall imposed
along the length of the beam can be very much less than
~would be expected if the full weight of the brickwork were
acting on the lower member. It also states that true

arching requires that the end supports for the brickwork

épply a horizontal restraint as shown below in Figure 2.9.



While this does occur in some measure under the

jength of a brick wall, recent research has shown that the

very light loading of the lintel is to be found not in the

arching action, but in the great difference in the flexural

stiffness between the wall and its supporting member.
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SO,



éﬂAPTER 3 - EXPERIMENTAL INVESTIGATION ON TEE WALLS

3.1 Objectives of Investigation

The investigations were to obtain through strain recordings

1. The dispersion of strains throughout the

composite wall.

2. The effects of composite actién.
3. the effects of arching action.
4. A comparison of the ultimate loading with the

empirical loading.

The essential differences between this investigation

and previous investigations were
1. Walls of small height/span ratio were tested.
2. The strain recordings at (b) and (c) had not
been taken in previous investigations.

3. Rates of strain, or energy dissipations were

‘noted.

3.2 Description of Wall Construction

Each wall was constructed by first supporting a
Prestressed lintel’* at its ends on single brick supports with
a layer of mortar between the Eoncrete and the brick. The
lintel was also supported at one ﬁetre lengths along the span.

With a layer of mortar on the lintel the bricks were
layed using normal building procedures, no special effort

"being made to produce brickwork with unusually cood

Workmanship.

Face bricks were used to builé the walls; they were

* GSee Appendix G.

21.
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. frogged rut had two 35mm diamecter holes spaced
mmetrically at 110mm centres. The bricks were cleaned

;&nd wetted before use. The mortar used in the wall

§construction was a nominal mix of three parts of pit sand,

B
‘one part of river sand and one part cement.

‘ Immediately after each composite wall was built,
uthree single brick piers, one brick wide, were built using
the éame mortar and having the same number of brick courses
Ss the wall. A total of nine walls were built and tested
to failure. Three spans of 2,4 and 6m were used and on
each span three walls were built; each wall having either

5,7 or 9 brick courses.

3.3 L.oad Test Apparatus

The composite wall rested on simple end supports,
each consisting of two courses of single brick with mortar
joints. The loading was applied vertically through point
loads of one brick length-on top of the wall by means of a
'1oad spreader beam which in turn was loaded by a central
load with a spherical seating. The arrangement of the test

apparatus is shown in Figure 3.1.

vertical ioad

load spreadexr beam
: \\\\k J:Eq’(,-spherical seating

load points

el T
1 | 1 |
| 1 brickwork
J]1ll |
T ] 1 Azk,llntel

steel beam support ‘
A A

[:: ‘ loading beam of testing machine

FIGURE 3.1
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A few days before the load tests were carried out
{ following procedures were conducted.

1. Demec targets were attached to each wall in a
@ﬁécific pattern in order to measure the flexure strains
;%ﬁ), the diagonal strains (b), the differential slip strains
;fé) and the vertical strains along the centre line between
fbrickwork and lintel (d) as shown in Figure 3.2. A 406mm

demec gauge was used to measure these strains.

- commm o oo

— —

|
|

(b) strains
~a

(b) strains

CETTETT

-

L

(d) strains —H

\ ! 4\(a) strains /

(c) strains l (c) strains

FIGURE 3.2

2. The wall was whiﬁewashed so that cracks could
be distinguished (visibly) early and the final mode of
failure seen clearly and photographed.

Before any 1oa6 was applied the temporary props under
the beam in between the end supports were removed, a’
“deflection gauge was placed under the beam at its mid-span
to obtain zero deflection and subsequént’deflections under

the 1cad and readings on all the sets of demec targets were

taken to obtain zero strain.



The vertical load was applied slowly until
;approximately one-tenth of the expected load failure was
.reached- The load was then held constant and all the

strain measurements were recorded including the central

deflection reading. The vertical load was then increased

‘gradually through approximately equal load steps, all strain
readings and central deflections being taken while the load
was held constant.

This procedure was repeated until failure occurred,
- when photographs of the failed wall were taken.
In the first two wall tests demec targets were
" attached to both sides of the wall and strain readings were
takeh on both sides for the complete loading tests. The
corresponding readings of strain measurement on both sides
of the wall were found to be equal and for the remaining
£ests strain measurements were recorded on one side of the
wall only. The loading tests were carried out on the walls
and piers twenty-eight days after construction.

Load tests were also carried out on concrete cubes
supplied with the lintels and on brick piers built with each
wall, to deterﬁine their relative E values.

3.5 Test Measurements Taken

Féur sets of strain measurements were taken. The
relative positions of these strains were shown in Figure
3.2, the strains being labelled a, b, c and d. The purpose
40f taking these strain measufements at their relative

pPositions were as follows.

The strains (a) were positioned to find the flexural
variations down the centre line of the wall and to compare

the maximum experimental stresses obtained with the



Pheorcticel valucs obtaincd using compoLeite act 1o thoory,

The strains (b) were positioned to find the
diégonal strains occurring im the shear span. Their rates of
kincrease and maximum values were noted and related with the
'slip strains (c) and the vertical strains (d) up the centre
line of the wall.

The strains (c) were positioned fo find the
horizontal slip between the lowest layer of brick and the
1inte1. These strain increases were noted specifically
at the ends of the wall and compared with the diagonal strains
(b) and the vertical strains (a) .

The strain (d) was positioned to connect the lintel
and brickwork along the vertical centre line of the wall
and measure the separation between the lintel and brickwork
at this point. The magnitude of these strains were compared
with the horizontal slip strains (c) and diagonal strains (b)

The variations and. magnitudes of the strain
measurements taken produced a picture of the strain
distribution throughout the wall under increasing load
conditions.

The effect that an individual strain of a combination
of the étrains might have to produce a failure was noted.

The final test measurement taken was the vertical
central wall deflection under the lintel. These readings
were not taken up to wall failure and the effect of the
stiffening action in the high height/span ratio wall was
noted.

* Demec readings represented true strains only untill

Cracking occurred, thereafter they included the crack widths.

25,
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tﬁe central wall deflections werc only tzken during the

”}st part of each test, they were not ccns:dered to be an

é;tegral part of the test results. They were taken to see if a

5‘11 produced zero or excessive deflections under the ‘initial

5

[

anrease in load and in each test there was found to be no

{3nitial abnormal deflection.

£

The graphs shown on page 53 compare the initial measured

‘deflections to a basic calculated deflection.

The calculated deflections are based on an equivalent

EI value and on a basic Macaulay deflection formula.

The derivation of the formula used in determining the

central wall deflection and a calculated example are given in

Appendix F, page 156.



27.

(onsidering the Flexure Strain lcasuremenrts (Strains
ra')
_a /

P.l

The compressive and tensile flexure strains in the

rickwork . and the tensile strains in the lintel were

Atermined directly from the flexure set of demec targets.

2 .
gﬁhese were spaced equidistant about the centre line of the

5

;311, each pair being placed in the centre of each brick

course aﬁd going down through the brick courses to include

the lintel at the bottom.

3.5.2 Considering the Diagonal Strain Measurements (Stains

Th7

The compreésive and ténsile diagonal strains
in the brickwork were determined directly from the diagonal
sets of demec targets. These were attached to the
brickwork in line with the centre of the left-hand support
and the centre of the left-hand load and also diagonally
opposite to these, sloping at the same angle to the vertical.
Exactly the same pattern of shear targets was used on the

right-hand side of the wall.

3.5.3 Considering the Slip Strain Measurements (Strains
ICI)

”

The horizontal slip strains between the lintel and
the layer of bricks directly above it were determined
directly from the slip strain set of demec targets set up

between the lintel and the layer of bricks above it.

3.5.4 Considering the Vertical Strain Measurements along
' the Wall-centre line between the Lintel &and
Brickwork (Straimns 'd')

The vertical strains were determined directly from

demec targets attached to the wall, measured upwards along

the wall vertical centre.line from the centre of the lintel.
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The final test meacsurcrnent talen, in addition to the
Fgtrain measurements was the deflection under the lintel at
Ct;e centre of the wall. These deflection readings were
Zot taken up to wall failure, for the deflection gauge was
removed after about five load increases were applied in

case of sudden wall failure.

3.6 Object of Tests and Comparison of Results

From the experimental test values of Eb’ obtained
from the brick piers, the experimental values of Ec obtained
from the concrete cube tests and also the measured strains
iﬁ the brickwork and concrete, the experiméntal maximum
stress values in the brickwork and concrete were obtained.
These same values were determined analytically and the
éxperimental and analytical values were compared for each
of the walls.

For each wall, the results of Moment versus the
Flexure Strains (a) and Moment versus thexDiagonal Strains. (b)
were tabulated and plotted graphically with the moment axis
§ertical and with the tensile strains on the right and the
compressive strains on the left of the moment axis.

Comments were made on each of these strain recordings.

For each wall, the results of Moment versus the Slip
. Strains (c) were tabulated and plotted graphically with the
moment axis vertical and the tensile slip strains to the
right of the moment axis. The Vertical Strains measured up
~ the cehtre line of the wall from the centre of the lintel,
’sfrains (d) being only a single strain measurement were
added into the slip strain tabulated results and onto the

slip strain graphical recordings. Comments were made on
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‘of these strain recordings. The measured central
flection results were plotted against calculated values*
abbtain comparisons.

From these results, comments on each wall failure
—— made which included any arching effect due to
;gomposite wall action.

The final comparison that was made and one of the
main objectives of the tests was to compare the the Ultimate
‘Moment and Shear values in the walls with varing brickwork
height with the SHOFCO values.

* See Pages 49 and 50.
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BHAPTER 4 - EXPERIMENTAL INVESTIGATION ON THE MATERIALS
T—

USED IN THE WALL CONSTRUCTION

Test Procedure and Results of Tests on Concrete Cubes

4.1
ﬁith the concrete lintels, nine 101 x1017mm concrete cubes were

ﬁelivered. Their cube strengths were determined from compression
tests. In these tests, pieces of soft board were placed between
the cubes and the steel platens of the testing machine to reduce
the platen effect and it was noted that vertical failure cracks
oécurred down the face of the cubes.

The average value of the nine cube strengths was obtained
from the test results shown in table 4.1.

Average Cube Strength = 616,6/9 = 68,5 MPa

Table 4.1

CUBE TEST NUMBER CUBE STRENGTH (MPa)

59,7
72,4
65,8
71,3
73,7
62,0
68,1
67,8
75,8

W 00 N O B W N




s o[k E o [/ T 55,5 % 1o [ |
“E. =46, ePa L T Ve = 42,8 gpa -, | .
Sstrain x 10-5> 50

‘Figure 4.1 - STRESS/STRAIN CURVES ON CUBES TO OBTAIN
E VALUE

4.2 Test Procedure and Results of Tests on the Brick
Piers built with wWall 1, the 2m X 5 Brickcourse Wall

Each of -the three single brick piers which were
ﬁuilt with each wall were placed in a compression testing
machine and subjected to é gradually increasing compressive
load until failure occurred. By means of demec targets
attached along a vertical centre line on both sides of each
pier a 406mm demec gauge gave a load/deflection and stress/s
strain result for each of the piers. Pieces of soft board

were placed between the piers and the steel platens of the

testing machine to reduce the platen effect and vertical

Ccracks occurred down the piers undexr failure load as shown

in Figure 4.2
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From the loading tests on all the piers built and

Eted a stress value of 3MPa represented approximately

¥

B
f third of the average maximum stress produced in each

vfthe piers. At this stress value, the average slope of
'{e stress/straln curves for each of the three piers built
fnd load tested w1th each wall gave the E value for the
éxickwork for that wall.

one set of typical results was given for the three
ipiers'built‘wifh wall (1), the 2m x 5 brickcourse wall.

The stress/strain results for each of these three
piers was given in Table 4.2 and the graphs produced from
éthese results were given in Figure 4.3. The E value
Eobtained‘for the brickwork in wall (1), being the average
of the slopes of the three curves was determined at
10,0GPa (Figure 4.3.).

The eight sets of résults for the remaining piers
tested were given in the Appendices; pages 63-70«
The Modulus of Elas£icit§ of the brick piers varied from
7,0 GPa to 10,2 GPa and from the test results obtained
from the nine piers a value of the Standard Deviation and
Coefficient of Variation was obtained.
These values are given be]ow‘

Standard Deviation o = VI (x-%X)?/n = 0,96 GPa

COefficient of Variation = o/x (100) = 11%
where x = individual reading

X = average readings

n = number of readings

From these high values it was considered preferable in
Using the individual values of E, obtained in each of the

_nine brick pier tests, rather than using the average values.



.2 - Comr-Z9ZTVE STRESS-STRAIN PESULTS FQF THREE 5 SINILE BPRICK PIERS

EJL—“’EE’F??AIN E FOR BRICKWOFK FOP THE 2m » & BriCh, CrioF Wall (woil 1)
f .
pIER 1 PIER 2 PIER 3
b
STRESS AVERAGE -5 LOAD | STRESS | AVERAGE -5 LOAD STRESS | AVERAGE -5
MPa STRAIN x 10 kN MPa STRAIN x 10 kN STRAIN x 10
o) [o] (o} (o] (o] (o] (o] o
0,432 2,8 10| 0,432 3,5 10 0,432 6,0
0,865 6.2 20| 0,865 7,5 20 0,865 10,5
" 30| 1,30 10,0 30| 1.30 11,5 30 1,30 14,3
s | 1,73 14,1 40| 1,73 |- 16,7 40 1,73 19,6
so | 2,16 17,6 50| 2,16 20,5 50 2,16 24,3
60| 2.60 21,5 60| 2,60 24,5 60 2,60 30,1
70| 3.03 26,0 70| 3,03 28,0 70 3,03 36,1
go | 3,46 31,2 8o | 3,46 33,3 80 3,46 40,2
00| 4,32 41,5 100 | 4,32 43,0 100 4,32 50,3
120 5.20 52,4 120 | 5.20 . 55,4 120 5,20 67,7
140 | 6,05 65.5 140 | 6,05 68,0 140 6,05 84,5
sE ERF NN R 0]
& IR
? i SE $INGIE ! |PIERS.TO OBTAIN| . | __.
: I I N RS R T
6,0} ~
i 32 B I
- I

10 (L';ﬁa
RS

|

—_—

100

STRAIN x 10

FIGURE 4.3



PTER 5 — WALL IOAD-TEST RESULTS

Numbei and Order of wall Tests

The walls were numbered and tested in the following order.

aple 5.1.
Wall Number wWall Size
1 2m x 5 brickcourse
2 2m x 7 brickcourse
3. 2m x 9 brickcourse
4 4m x 5 brickcourse
5 4m x 7 brickcourse
6 ém X 9 brickcourse
7 ém x 5 brickcourse
8 ém x 7 briékcourse
9 1 ém x 9 brickcourse

The 1load test-procedurelgiven in Chapter 3.4 was
applied to each of the walls andrthe test measurements
vhich were taken, given in Chapter 3.4. 1In this chapter
only the results éf the tests on wall (1) are given,the
results of the tests on the remaining eight walls are
giVén in the same form as the results in wall (1) in the

appendices.

5.2 wall (1), Load-test Results

The }esults obtained from the load test on wall (1),
the 2m x 5 brickcourse wall are represented by the following

Set of tables and diagrams.



A photographic reproduction of the wall, Figure 5.1,
ihg the final failed position of the whole wall with
ginal crack pattern, together with on the same page,
lagram which showed ﬁhe position and number of each

jin gauge attached to the wall (Figure 5.2).

&

% A close up photographic reproduction of one half of
?

'a wall ’
j
%nf detailed view of the failure crack pattern (Figure

or in some cases both halves of the wall, giving

3) .

An analytical and experimental comparison of the
iﬂthmlstresses induced in thé brickwork and lintel (Table
$.2).

A tabulated result of the applied moment versus the
‘flexure strains (a) at the positions numbered on the walls
(Table 5.3) .

A graph of the applied moment versus flexure strains,
the strains being numbered across at their maximum measured
- values (Figure 5.5).

A tabulated result of the applied moment versus
diagonal strains (b) at the positions numbered on the
wall (Table 5.4). |

A graph of the applied moment versus diagonal
strains, the strains being measured across at their
Maximum measured values (FiguréES.G).

A tabulated result of the applied moment versus
slip strains (c) at the positions numbered on the wall,
together with the verticél strain (38) at the positions

Numbered on the wall (Table 5.5).

A graph of the applied moment versus slip strains



# A photographic reproduction of the wall, Figure 5.1,
¥3ng the final failed position of the whole wall with
Efinal crack pattern, together with on the same page,
Jiagram which showed ﬁhe position and number of each
rain gauge attached to the wall (Figure 5.2)..
§ A close up photographic reproduction of one half of
e wall, or in some cases both halves of the wall, giving
\nmre_detailed view of the failure crack patte;n (Figure
£3) .

An analytical and experimental comparison of the
ibdﬂmm stresses induced in thé brickwork and lintel (Table
$.2).

A tabulated result of the applied moment versus the
Elexure strains (a) at the positions numbered on the walls
(Table 5.3) .

A graph of the applied moment versus flexure strains,
the strains being numbered across at their maximum measured
- values (Figure 5.5) .

A tabulated result of the applied moment versus
diagonal strains (b) at the positions numbered on the
wall (Table 5.4) . | |

A graph of the applied moment versus diagonal
strains, the strains being measured across at their
Maximum measured values (FiguréES.G).

A tabulated result of the applied moment versus
slip strains (c) at the positions ﬁumbered on the wall,
together with the verticél strain (8) at the positions
nmﬂmréd on the wéll'(Table 5.5).

A grzph of the applied moment versus slip strains



‘ch included the vertical strain (d), the strains
gmbered across at their ma»imum measured values
.e 5.7)-
Ff Maximum edge strains obtained by plotting the

éal strains at their heights above and below the neutral

‘and drawing a line through the plot to obtzin the edge
ain (Figure 5.8).

- Comments are made on the initial measurecé and

culated central wall deflections taken and these

parisons are‘shown in graphical form in chapter 6.5, which
;/e the calculated and measured central wall deflection for
!Zh of the nine walls tested.

Comments on the test results and mode of failure.
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@g&;ﬂg_l, - 2m x 5 brickcourse
— C (o] £ (o)
N
BRICKWORK
n :
h : NEUTRAL
d-n d-n-b AXIS
" €] £!
— c ‘ c
b ‘CONCRETE
0 I i A i ¥4

F7?4
STRAIN DIAGRAM STRESS D1AGRAM

Figure 5.4

B = 10GPa - E, = 44,56Pa b = 70mm t =105nm d = 470mm

4w
]

modular ratio = Ec/Eb = 44,5/10 = 4,45
n = -2mb * J (2mb)® - 4mb (b-2d) = 295,2
2
fb = EbnM ' = 2,89MPa (calculated)
En.t + EC_bE.Z(d—n) + 2b(n-d+b) '
3 2 3
‘ 3 -5 _ '
fb = Ebf'b = 10x107x48,5x10° = 4,8MPa (measured)
fc = ’ Bc(d—n)M ‘ = 7,62MPa (calculated)
Ebn.t + Ec_b_t.2(d—n) + 2b (n-d+b)
3 2 - 3

5

3x22,0x16 = 9,79MPa (measured)

£, = E€ = 44,5x10

Comparison of Load Test Results and Analytical Results

Table 5.2
Load Test Analytical
Results Results
Marimum stress in brickwork . 4,8MPa 2,89MPa

Méxiinum stress in concrete ‘ 49','79MPa' ' 7,62MPa
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Moment 4n Diagonal strains x 10~° at positions numbered on wall
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1]1: §,5 - wall No.l 2m x S brickcourae
e

i ghear in Moment in Slip strains x 10—5 between brickwork and lintel at positions || Central
z jon| shear span| flexure span nunbered on wall wall
kN kNa 10 11 14 1s 9 : deflcction
=mm

— °

° () o o o o o [ o o o

4,45 4.45 2,23 1.0 1.5 0.5 1.0 1.0 ] 0,08
E"’ 8.9 4,45 : 1.0 2.8 1,5 2.0 1,0 0,18
33,35 13,35 6,63 2,5 6.0 5.5 2.5 1.0 0.30
37,8 . 17.8 8,9 " 3,0 10,0 s.,S 3.5 1,5 0,60
22,25 22,25 11.13 10.5 11,8 0.0 4.0 1,s

2.7 26,7 - 13,35 16,5 17.5 20,0 4.0 2,5

31.5 31,5 15,75 48,5 26,0 s3.0 5.5 2,5

2.8 32,5 16,25 ¥ A I L URE

LR S

. Lt i
WALL No.l 2o x S brickcourse —{-

TENSILE STRAIN x 10-5
SLIP STRAINS (c) BETWEEN BRICK<ORK AND CONCRETE LINTEZL

]194;; 5,!
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e measured top and bottom maximum edge flexure strains were
Etermined by plotting to scale, the strains measured at the
Fentre of each brick course and centre of lintel against wall

height.‘The values being taken at the maximum moment recorded.
i’»
ih

‘For wall 1 this was determined as below.

Flexure Strain x 10-

compression tension

-5 . )
Top Edge Strain = 48,5 x 10 - Maximum Moment = 15, 75kNm

-S .
Bottom Edge Strain = 22,0 x 10

Figure 5.8
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WALL 1 - 2m x 5 Brick courses

Comments were given on the following test results

1. The load test values.
2. The calculated and measured stresses and strains in
the wall.
3. The central wall deflection.
4. The failure crack pattern.
5. Further comments on the wall resistance to loading

during the test procedure.

The ultimate resistance moment of the wall produced
a value of 16,26kNm, being 2,6 times the SHOFCO value of
6, 3kNm. The ultimate shear resistance of the wall produced
a value of 32,5kN, being 5,4 times the SHOFCO value of
6,0kN. The maximum load test tensile flexﬁre stresé of
9,8MPa was 29 per cent above the calculated result of 7,62MPa.
The maximum load test compressive stress of 4,8MPa was 66
per cent above the calculated result of 2,89MPa. The strains
“along the tensile diagonals 8 and 12 increased to 65x10 - and
45xlO-5 respectively. The slip strains at 10 and 14
produced maximum strains of 48,5):10—5 and 53x10_5 respectively
with strain 11 increasing to a maximum of 26x10—5. The
measured central wall.defléction taken at an end wall
reaction of 17,8kN when the central deflection gauge was
removed in case of wall failure was O,60mm being 2(2 times
the calculated value of 0,269mm. The load deflection curve
left the linéar calculated line at an approximate end
reaction of 6kN. As can be seen from the photographic
reproduction of thé{failure,crack pattern all the bricks

above the lintel to the right of the compression diagonél on

the right hand side of the wall slippéd,approfimately lcm to
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the right, a crack occurring in the lintel adjoining the
right hand support. There were also faint hair line cracks
running down the compression diagonal on the left hand side
of the wall which cannot be seen on the failure crack pattern
reproduc£ion.

The failure occurred suddenly with a slip failure
between the lintel and the lowest brick layer and also
between the lowést brick layer and the one immediately above
it, the final failure crack going directly between the right

hand support and the right ﬁand loading point.
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5.3 Comments on Test Results and Mode of Failure (Wall 1)

A comparison of the Ultimate Resistance Moment and
shear Resistance with the SHOFCO values was given in
grapﬁical form in the 'Analysis of Results of Test Series',
Chapter 6.14;hd 612. A comparison of the maximum calculated and
experimental flexure stresses produced in the brickwork and
concrete was given in Chapter 6.3 and 6.4.
The graph of flexure strains (a) versus moment showed
a more uniform increase in the tensile strains in the lintel,
- the compressive strains in the brickwork showed irregular
increases Qith moment increase except that the strains in
‘the top brick course maintained a fairly uniform increase

over the last four moment increases, reaching a maximum

value of 42,0 x 10°°.

-A crack occurred in the lintel adjoining the right
hand support. There were also faint hair line cracks running
down the compression diagonal on the left hand side of the wall
which cannot be seen on the failure crack pattern reproduction.
The failure occurred suddenly with a slip failure
.between fhe lintel and the lowest brick layer and also between
the lowest brick layer and the‘one immediately above it, the

final failure crack going between the right hand support and

the right hand loading point.



CHAPTER 6 — ANALYSIS QF RESULTS OF TEST SERIES

6.1

Ultimate Resistance Moment of Walls Compared with
SHOFCO Values.

Ultimate Shear Resistance of Walls, Compared with
SHOFCO Values, -

Maximum Measured Flexure Stresses.

Maximum Calculated Flexure Stresses.

Measured and Calculated Central Wall Deflections
Compared.

Summary of Results of Test Series.

Further Comments on Composite Action.

48.
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6.1 Ultimate Resistance Moment of Walls compared with
SHOFCO Values.

) 1 2 3 . 4 5 6 7 8 9 -
: FIGURE 6.1 — NUMBER OF BRICKWORK COURSES :



6.2 Ultimate Shear Resistance of Walls compared with
SHOFCO Values

50
- JE= EIEHEH ST HEN RS I IEELIEE) IRV AR : v LU ST SRS B
UL IMATE SHEAR RESISTANCE | {7 | - | =~ : '

FIGURE 6.2 - NUMBER OF BRICKWORK COURSES



6.3 Maximum Measured Flexure Stresses

FIGURE 6.3 - NUMBER OF BRICKWORK COURSES



6.4

52.

Maximum Calculated Flexure Stresses

FIGURE 6.4 - NUMBER OF BRICKWORK COU=<ES
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6.5 Measured and Calculated Central wall

Deflections Compared
] i T 1 i I 1
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6.6 Summarv of Results of Test Series

One significant feature of the tests carried out,
which occurred in every test was that the cracking was
audible befor any hair line cfaéks became visible. The
loads at which the first audible cracking sounds were
detected could not be noted with any accuracy also the
position in the walls from which the sounds came could not
be determined. 1In two of the tests, tests 4 and 7, whefe
~the lintel and brickwork separated along the wall centre
line the audible cracking sounds could be detected at below

half failure load.

The flexure strains in the brickwork and lintel produced

fairly uniform increses with moment in 60 per cent of the tests.

The meaéured and calculated maximum flexure stresses in the brick-
work on thé three, four metreAséan walls and on the three six
metre span walls produced comparable and similar results. These
- results in the two metre span walls differred and in wall 1, the
measured flexure stress was 66per cent higher than the calculated
value. Of the maximum measured and calculated flexure stresses in
the lintel only the six metre span walls gave comparable values,
the remaining walls produced a considerable variation in these
stesses

The diagonal strains (b) in the brickwork in
all tﬁe tests produced irregular increases with moment and
in wall tests 3, 4, 5 and 9, the variatiéns were considerable.
Only in tests 7 and 8 did these measured strains.form
uniform groups without single or multiple strains forming

suddenly with the creation of a wall failure.



The slip strains (c) and the vertical strains (d)
meésured up the centre line from the lintel procuced very
irregular results and could not be compared or related in
any way throughout the tests.

The formation of the hair line cracks running in the
mortar joints formed very irregular patterns, irn that they
travelled in certain directions with varying speeds, then
stopped, while other cracks formed in different positions
going in different directions.

These initial cracks in the walls were not the
criteria for the final wall failure as shown in tests 4
and 9. In these tests the wall flexed on the oneiside
dissipating its energy while the other side remained
comparatively rigid, storing its energy and then suddenly
failing with an instantaneous loss of its energy.

The cause of failure in all the tests was a slip
failure, either at one end or at both ends of a wall, or a
combination of slip and diagonal failures. The slip
failures occurred either between the lintel and brickwork
or between the lowest layer of bricks andthe one above it.
In most of the walls tested the maximum slip strains
occurred at the outer ends of the walls which pfoduced or
helped to producé a diagonal tension faiiure In two of
the tests, tests 4 and 7, large strains were recorded on
the vertical centre line joining the lintel and brickwork
iﬁcreased in magnitude as they approached the centre line
of the wall. In these cases the wall failures were
initiated near the ceptre line of the wall either at the

mortar joint between the lintel and the bricks above it or

in the brickwork directly above.
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The arching action of the brickwork in the composite
walls was noted specifically in test 3, the 2m x 9 brick
course wall. It supported an ultimate shear of 55kN,
which was 4,78 times the SHOFCO value of 11,5kN,
producing vertical splitting in the bricks near the supports.

6.7 Further Comments on Composite Action

When a lintel or a iarge beam supports masonry over
an opening, a common design problem is to determine the
distribution and magnitude of the resultént loads acting on
the support beam. Openings in the wall induce
fedistribution of these loads causing further design
- problems. Often the actual behaviour of a masonry wall
with its supporting beam acts as a composite unit with the
" beam acting only as a tension member.

The relative wall/beam stiffness is one of the main
factors which influence the degree of composite action
between wall and beam. A flexible beam produces arching
in the masonry which may in the limit become self sgpporéing.
If the masonry and its supporting beam act as a composite
unit it will behave as a deep beam resulting in a very high

overall stiffness. The development and extent of composite
action depends largely on the extent of the shearing force
or bond between the beam and masonry especially near the

beam supports where high local stresses are induced.

These high stresses produce a greater frictional resistance

near the supports.

The main factors which influence the attainment of

composite action are



(1) The end of the wall restraints, which could be
in the form of joint reinforcemént, vertical columns at
the end of the wall or wall continuity.

(2) The transmission of shear across the interface,
which is dependent on the friction resistance between the
contact surfaces and the bond and shear properties of the
mortar.

(3) The location of thé applied load which could
be either at beam level or on top of the wall. If the
load is applied at beam level it induces additional tensile
stresses at the wall/beam interface and could cause
separation. Here the use of vertical prestressing or
tension connectors would help to maintain composite action.

(4) The strength and elastic modulus ratios of the
beam and wall which are considered together because the E
value of both concrete and brickwork are related to their
compressive strengths

(5) Erection and construction loads can damage the
beam, for if the beam has been designed as a composite
member and has not been propped adequately the brickwork
in its wet state can induce high moments before the wall-
is high enough to allow the arching effect to take place.

(6) Openings in the wall can have an effect on the
composite action. With the opening near the wall centre,
the 'arching' action still forms through the brickwork or
lintel above the opehing. When the‘opening is near a
‘support, complete or partiél breakdown of the ‘arching’
occuis and secondary 'arching' creates other high local

stresses in the beam.
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Erickwork, because of its high labour content, is
subject to imperfections due to workmanship which can have
a critical effect on its behaviour. Current working
practices which may be applicable to lightly stressed
masonry structures are not always applicable to highly
stressed load-bearing brickwork.

Strength reducing factors, such as laying bricks
'frog down', deep furrowing of wet mortar beds, variations
in mortar thickness, insufficient perpend filling,
insufficient curing, excessive movement of bricks during
placing, which reduces'the effective contact area and also
‘chasing' of recesses in walls for pipes and electrical
conduits all unite to give masonry its variable and
sometimes critical behaviour.

An investigation into the effects of workmanship and
curing on storey height walls was carried out at the
Building Development Laboratories, Perth, Western Australia.l6
In the investigation, the walls were laid and load tested
by vertical compression in pairs. .One built as 'perfect'
the other with a pre-determined fault. Piers and prisms
were also laid and testeé with the same féults.

From these tests the following estimated reductions
in the ultimate strength of the walls due to the pre-
determined faults were made.

(a) Furrowed bed 25 per cent

(b) oOutside cure ' ' 10 per cent

(c) No perpends O per cent



(d) lémm bed joints 25 per cent

(e) + 3mm bow 15 per cent
The main factor which must be noted from the effects of
these faults is that they are independent of each other
and the effects of combinations of these faults are
additive.

These faults did not produce the same effects on
bond strength. The bed joint thickness produced little
effect, whereas outside curing conditions had a

significant effect.
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6.8 Summarized General Conclusions

From the experimental tests, the followirc sunmarized
conclusions were made.
1. The average Ultimate Resistance Moment of the walls produced
a value of 1,7 times the SHOFCO value.
2. The average Ultimate Shear Resicstance of the walls yproduced
a value of 3,0 times the SHOFCO value.
3. The maximum measured flexure stresses in the brickwork and
concrete produced the same general pattern with comparable
values to the calculated flexure stresses.
4. The diagonal strains and the horizontal slip strains
did not produce any stable values throughout the tests, the
wall failures were mainly due to these variables.
5. The effect of the vertical strain running up the centre
line of the wall on the horizontal slip strains and on the
diagonal strains was noted.
6. The audible cracking before any sign of visible cracking
was noted.
7. The initial position, size and rate of change in speed of
the cracking gave no indication as to the final mode of failure.
8. The arching action in the wall was clearly shown in test 3
where splits occurred in the bricks near the supports; together
with diagonal cracks in the lintel near the supports.
9. Each of the nine walls tested produced a different failure

pattern, some walls failing at one end while others failed at

both ends.
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10. In every failure, either the bottom layer of bricks moved
horizontally out over the lintels at the ends or a horizontal
outward movement took place in the brickwork along a mortar
joint in the shear span at the ends.

11.'The complete lack of uniformity in the failure modes could
be due to (a) workmanship (b) varying brick strengths and

mortar properties (c) initial strains set up in the wall due

to inadequate wall proping (d) any inaccuracies in the load-

test procedure such as strain measurements, for the strains

were found to vary slightly with time under constant load.



APPENDICES

APPENDIX A

RESULTS OF ILOAD TESTS ON BRICK PIERS RELATING TO WALLS

2 TO 9 INCLUSIVE
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TAble Bl coMipECeIVP STRLOS-STRAIN BISUITE FOR THFFL 7 €3370F FRICK JIFRC
TO_CPTRIN F_FOF_FFICFWOKYK._FOK THL_2r ¥ 7 FFICE COUFSE_WARLL (WALL 2)
PIER 1 | rrerz T FIER 3 T
LOAD | STRESS | AVERAGE -5 LOAD | STRESS | AVERAGE -5 :LOAD STRESS | AVERAGE | -5
kN MPa STRAIN x 10 kN MPa STRAIN x 1l0 ! kN MPa STRAIN x 10
(o] (o] (o] (o] (o] (o] [o] (e} o)
10| 0,432 3,2 10| 0,432 4,5 10 0,432 5.0
20| 0,865 7.5 20| 0,865 9,5 20 0.865 | 11,1
30| 1,30 11,0 30| 1,30 13,2 | 30 1.30 16,2
40| 1,73 14,45 40| 1,73 14,5 ' 0 1,73 20,1
so| 2,16 18,3 so| 2,16 22,0 50 2,16 23,0
60| 2,60 | 22,1 60| 2,60 25,5 €0 2,60 | 28,0
70| 3,03 26,9 70| 3,03 30,2 70 3,03 31.0
80| 3,46 33,1 so| 3,46 34,0 80 3,46 34,5
100| 4,32 41;1 100 | 4,32 47,1 100 4,32 55,8
120| 5,20 53,0 120 | 5.20 61,2 120 5,20 70,5
140| 6,05 65,9 140 | 6,05 74,5 140 6,05 | 87,8
;
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"?smc;m: .BRIci
URSE MALL "]
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Gyt

O 10 20 30 40 50

——— 100

STRAIN x 10

Figure A.1l

-5 150



64

Ea_-bil e.--;.‘_'_? __COMPERESSIVE STFLSS-STEAIN RFSULTS_FQR _THREFR 9 ¢ ]_)-"‘X.Y._ j-}- JICK 1PI1VRS
TO_QETAIN ¥ _FOF _PFICMWORE FOR_THY_ 2m > 9 FFICY CoV-CF _wWIJ1_ (Wiil 3)
PIEk 1 , FIER 2 -  rierR 3]
LOAD | STRESS | AVERAGE _g[|LOAD | STRESS | AVERAGE _g||[LOAD | STRESS | AVERAGE -5
kN MPa STRAIN x 10 h kN MPa STRAIN x 10 kN MPa STRAIKN x 10
o 0 o , o o o o oo o
10 0,432 3,1 10 0,432 5.5 10 0,432 6,1
20 | 0,365 7,2 20 0,865 | 12,1 20 0.865 | 11,5
30 1,30 11,1 30 1,30 15,5 30 1,30 17,5
40 1,73 16,5 40 1,73 22,1 40 1,73 22,2
50 2,16 19,2 50 2,16 25,2 50 2,16 28,0
60 2,60 25,0 60 2,60 32,1 60 2,60 33,5
70 3,03 28,9 70 3,03 38,1 70 3,03 39,0
8o 3,46 35,2 80 3,46 44,5 80 3,46 48,0
100 4,32 44,0 1oo' 4,32 59,5 100 4,32 63,1
120 5,20 59,1 120 5,20 74,0 120 5,20 78,0
140 6,05 75,0 140 6,05 87,1 140 6,05 92,5

- ﬁ__,_;_}_k

PIERS TO. OBTAI

5 — o 5TRESS Mpd

wn

o 10

20 30 40

100 grRrAIN x 10°

Figure A.2
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7Able R.3  coMPRESSIVE STRESS-STRAIN FESUITS FOK THRFE & €IN3LE BRICK PIFRS
TO_CETRIN ¥_YOF EFICMWCRE FCF THL_47 > & EFI1CH COHEP_WAL] (WALL_4)
) PIER 1 PIER 2 P1ER 3
V LOAD | STRESS | AVERAGE -5 LOAD | STRESS | AVERAGE -5 LOAD STRESS | AVERAGE -5
kN MPa STRAIN x 10 kN MPa STRAIN x 10 kN MPa STRAIN x 10
ol o o o| o o o o o
10| 0,432 | 4,5 10| 0,432 | s,0 10 | 0,432 9,1
20| 0,865 [ 9,0 20 | o,865 [11,2 20 | o.865 | 19,1
30| 1,30 |12.,1 30 | 1.30 |1s.0 3.0 | 1.30 24,1
40 1,73 19,2 40 1,73 21,8 40 1,73 34,5
so| 2,16 |23.,0 so | 2,16 |27.2 so | 2.16 38,2
60 | 2,60 |32,1 60 | 2,60 |36.,0 60 | 2,60 44,1
70] 3,03 |37,1 70 | 3,03 |41,0 70 3,03 50,5
80| 3,46 [41,5 so | 3,46 |a9,s so | 3.46 59,5
00| 4,32 |57,2 100 | 4,32 |e2,2 100 | 4,32 72,2
120 | 5,20 |70,5 120 | 5,20 |76.1 120 | s5.20 91,5
140 | 6,05 |79.8 140 | 6,05 |91,0 1490 | 6,05. | 111,0

STRESS MPa

o
o

dm——
= et ] R

2270

10 20 30 40 50

Figure A.3




Table A4
S€ At COMPEFCSIVE_STP

IO ORTAIK X FOR

S-ETrAIN FESWULTES FOR TEFEE
W

rc
_EFICEWQFK FOR _THE 4r » 7 F

6

7 <IFCLY EFICK PIFREZ
ICK COUFCIF_WALL_(WALL I}

6.

PIER 1 I'1IER 2 | f‘]!sR 3
LOAD | STRESS | AVERAGE -5 LOAD | STRESS| AVERAGE -5 LOAD STRESS | AVERAGE -5
kN MPa STRAIN x 10 kN MPa STRAIN x 1O kN STRAIN x 10
ol o o ol o o o| o o
10| 0,432 3,5 10| 0,432 5,0 10 | o0.432 4,8
20| o,865| 7.8 20| o0.865 8.9 ) 20 0.865| 10,5
30| 1.30 | 12,1 30| 1.30 14.6 30 1.30 15,4
50| 1,73 | 16,8 50| 1,73 19,0 40 1,73 21,8
so| 2.16 | 21,5 so| 2,16 | 24,8 50 2,16 27.5
60| 2,60 | 27.5 60| 2,60 | 29.5 60 2,60 32,1
20| 3.03 | 32,0 70| 3,03 33,8 70 | 3.03 36,5
gBo| 3,46 | 37,1 so| 3,46 | 38,6 80 3,46 43,4
10| 4.32 | 48,7 100]| 4,32 52,1 100 4,32 56,0
120| 5,20 | 60,1 120| s,20 | 5.2 120 5,20 69,5
140| 6,05 | 73,2 10| 6,05 | 81,5 140 6,05 ‘87,2

STRESS MPa

THHE
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Figure A.4
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EP_]_S:LQQ;W__P_EQSJ_VE__STFESE_STRAIJFC LTS_FOR. THPEE 9 £IKGLE _FRICK PIFRS
0 ORTRIN F_FOR EEICYWOFE FOR T iE_ﬁm,&nE_k}lFL COVESF_WRLL (Wrhll €)
PIER 1 F1ER 2 T PIER 3 T

LOAD | STRESS | AVERAGE _g|| LOAD | STRESS | AVERAGE _g||LOAD  STRESS AVERAGE -5
XN | MPa STRAIN x 10O kN MPa | STRAIN x 10 kN MPa STRAIN x 1O

o] o o] ' (o] o o o o (o}

lo| o0.432| 4.0 10 0,432 4.0 10 0,432 4,2

20| 0.8B65 9,7 . 20 0,865] 9.8 .20 0,865 12,0

30| 1,30 14,5 ) 30 1,30 | 15.4 30 1,30 17.9

40| 1,73 18,7 40 1,73 | 21,3 40 1,73 25,1

50| 2,16 23,5 50 2l,16 26,0 50 2,16 29,5

60 | 2,60 29,0 60 2,60 | 32,5 60 2,60 37,0

70| 3,03 33,2 70 3,03 | 36,5 70 3,03 42,9

80 | 3,46 37,2 80 3,46 | 42,2 80 3,46 48,1
loo | 4,32 50,1 100 l 4,32 | 52,1 100 4,32 60,5
120 | 5.20 63,0 120 5,20 | 65,4 120 5,20 74,5
140 | 6,05 74,1 140 6,05 | 79.0 " 140 6,05 90,0

e

ESINC'LE:.BRICK Pn:Rs 1O OBTAIE

B . l L .
JELINR INPRTYSEN IO PPN NI IFWSIEN LI

STRESS MPa
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100 grpa1N x 1072 %9
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Figure A.5
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fjbi‘:’;f’___gggjzk_zggm,_srgrss—srrggr: RESULTS FOR_TE®*EE 5 SINGLE RRICK_PIEKS
TQ CrTRIN F FOR PRICYWOPY FOF THE 6m x £ *FICK COUFSF_WALL (WALl _7)
PIER 1 FIER 2 o PIER 3 ]
LOAD | STRESS | AVERAGE -5 LOAD | STRESS | AVERPAGE -5 LOAD STRESS | RVERAGE -5
kN MPa STRAIN x 10 kN MPa STRAIN x 10 kN STRAIN x 10
ol o o ol o o o o o
10| 0,432 2,5 10| 0,432 a,s 10 | 0,432 5,5
20| 0,865 6,1 20| 0,865 8.5 20 0,865 | 11,1
30| 1,30 6,8 30| 1,30 14,5 30 1,30 15,6
4] 1,73 12,4 40| 1,73 18,6 40 1,73 20,1
50| 2,16 15,1 so| 2,16 23,2 - S0 2,16 27,5
60| 2,60 21,5 60| 2,60 31,5 60 2,60 33,0
703,03 29,7 70| 3,03 35,1 70 3,03 36,9
-80| 3,46 | 29,1 8o | 3,46 41,2 80 3,46 44,0
lo0| 4,32 39,1 100 | 4,32 52,1 100 4,32 56,2
120| 5,20 48,1 120 | 5,20 62,5 120 5,20 66,5
140| 6,05 62,0 140 | 6,05 76,1 140 6,05 €0,8

STRESS MPa

R LR
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REAE
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lo 20 30

e}

100 grraIN x 10~

Figure A.6
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T 7
b l:___CO:‘JLP_!; SSIVE STRESC-ETPAIN FFSULTS FORF THREE 7 SINGLY BFICK_FIFES

TQ OPTAIK E FOF EPICHMCEF FCF THE €m x 7 YRICK COLFSE VALL_(whll_B)
r PIER 1 : PI1ER 2 PIER 3
LOAD | STRESS | AVERAGE -5 ILOAD | STRESS | AVERAGE -5 LOAD STRESS |AVERAGE -5
kN MPa STRAIN x 10 kN MPa STRAIN x 1O kN MPa STRAIN x 10
ol o o o] o 0 o | o o
10| 0.432| 2.0 | 10] 0,432 2.5 100 | 0,432 | 5.5
20| 0,865 | 7.2 20| o,865| 7.4 20 | o.865 | 10,5
30| 1,30 | 11,1 30( 1,30 | 1a,s 30 | 1,30 | 16,1
s/ 1,73 | 17,1 s 1,73 | 15,2 40 | 1,73 | 24.5
so| 2,16 | 20,5 so| 2,16 | 24,5 5o | 2,16 | 31,6
60| 2,60 | 29,2 60| 2,60 | 32,2 60 | 2,60 | 38,2
70| 3,03 | 36,0 70| 3,03 | 37,0 70 | 3,03 | 43,5
Bo| 3,46 39,5 g8o| 3,46 44,2 80 | 3,46 | 51,1
100| 4,32 | se.s 100| 4,32 | 60,1 100 | 4,32 | s8,8
120| 5,20 | 60,4 120 | s.20 | 79.5 120 | 5,20 | 87,2
140| 6,05 | 85,1 140 | 6,05 | 97,4 . 140 | 6,05 [104,2

STRESS MPa
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Table -8 C(mpPESSIVE STPESS—STFAIY FFSULTS FOR THFFE S _SINILF ERICK PIFRS
JO_OFTAIE F FOP _FRICHWOFE FOP THE (r ¥ 9 FFICE COLPSE WALL (wWALL_9)
B P1ER 1 FIER 2 FIER 3
LOF\D. STRESS | AVERAGE -5 LOAD |STRESS AVERAGE -5 LOAD STRESS | AVERAGE -5
kN MPa STRAIN x 10 kN MPa STRAIN x 10 kN MPa STRAIN x 10
(o] [o] (o] (o] (o] .0 (o] (o] (o]
1o 0,432 3,5 10 0,432 3,3 10 0,432 5,2
20 0,865 7.5 20 0,365 7.2 20 0,865 10,6
30 1,30 9,6 30 1,30 12,1 30 l,30 18,0
40 1,73 12,6 40 1,73 17,1 40 1,73 22,6
50 2,16 16,3 50 2,16 19,2 50 2,16 32,1
60 | 2,60 | 23,1 60 | 2.60 26,2 60 2.60 | 36,3
70 3,03 28,5 70 3,03 32,0 70 3,03 45,&
80 3,46 31,2 80 3,46 35,6 80 3,46 51,8
/100 4,32 44,8 100 4,32 52,0 100 4,32 58,3
120 | 5,20 | s3.2 120 | s.20 | 66,7 120 | s,20 | 81,8
140 6,05 69,2 140 6,05 86,1 140 6,05 96,1
2 e es PEE R e LE_BRICK PIERS. 0. OBTAIN....|_
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APPENDIX B

RESULTS OF LOAD TESTS ON WALLS 2 TO 9 INCLUSIVE, GIVEN

IN THE SAME ORDER AND FORM AS THE RESULTS OF THE TESTS

ON WALL 1, CHAPTERS 5.2 AND 5.3
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WALL 2 - 2m x 7 brick course
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Figure B2 -



WALL 2

Failure crack pattern
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BRICKWORK

NEUTRAL

AXIS

‘CONCRETE

105mm d = 630mm

2,38MPa (calculated)

7,28MPa (caiculated)

WALL NO 2 - 2m x 7brickcourse
_ _ £ o t (o)
-
n
d
d-n d—n-b:[ )
b
| | J\e i
—
STRAIN DIAGRAM STRESS D1AGRAM
Fiqure B.4
Eb = 10,ZGPa~Ec = 44,5GPa b = 70mm t =
= modular ratio = Ec/Eb = 44,5/10,2 = 4,36
n = -2mb * J (2mb)® - 4mb (b-2d) = 370, 3mm
2
fb = EbnM =
Eb24t + BCEE.Z(d—n) + 2b(n-d+b) -
3 2 3
_ _ 3 -5
fb = Ebeb =0,2x10"x25,010" = 2,55MPa (measured)
f = "E _(d-n)M =
c c -
Ebn,t + ECQE,Z(d—n) + 2b (n-d+b).
3 2 3
_ _ 3 -5 = ’
fc = EECC = 4,5x107x22,5%x10” = 10,0MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.1
Load Test Analytical
Results Results
Maximum stre in brickwork -
ax ress _ 2,55MPa 2,38MPa
lhximum.stfeés'in'conérété ~ 10,0MPa '7}28MPa




Jable B2 - wall No.2 2m x ? Yrickcourso

End Shear in Mowment in . ¥lexure strains x lo's at positions numbered on wvalls
reaction | shear span | flexure span

| 3] kN khNm 1 2 3 4 L [ 7 8 9
(] (] o o (4] o (-] (<] (<] [ [

4,45 4,45 2,23 -1,5% -1,0 -1,0 -0.5% -0.5 +0.,S 1,8 +2,0

6.9 | 6.9 .45 25| -1.s | <15 | o5 | o +1,0 | +z.0 | 3.8
13.5 13,8 6,63 -4,5 -2,5 -2,0 -1.,0 +0,5 +2,0 +4,0 +5.8
17,8 17.8 8,9 -5.5 -3,5 -3.,0 -1.5 (<] +3.0 +5,5 +7.0
22,25 22,25 11,13 -7.0 -4,5 -3.0 -1.5 +0,5 +4,0 +8 .('J +9.0
51.15 31,15 ’ 15,57 -1l0,5 -6,5 —4,0 -1,5 +0,5 +4,5 +9.,5 +12.0
40,05 40,05 20,03 -15,5 -8,0 -6.0 -2,0 +0,5 +6,0 +12,0 +15.,0
44,5 44,5 22,25 -22,5}{ -13,0 -6.5 -2,8 -1,0 +6,5 | +16,5 |+18.0
45,0 45,0 22,5 4 A I L U R E
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Table BY - %all No.2 2m x 7 brickcourso
Ind Shear in Moment in Dlagonal strains x 107> at positions nuzbered on wall
Teaction | shear span| flexure span
kn (3] kNm 10 11 14 13
[ o (<] (<] [} o o (] (] o
4,45 4,45 2,23 l.0 -1,8 +1.0 -1,0
8.9 e.s 4,45 1,0 -2 2,5 -2,0
13,8 13,8 6,63 1,8 -6,% 3.0 -3.,5%
17,8 17, 8,9 2,0 -10 ‘8,0 -6.0 4
22,25 22,25 11,13 2,0 -14 20,5 -9.,5
31.13 31,18 15,57 11,5 -20,5 31,58 -lo0
40,08 40,05 20,03 15 ~24 40,5 -15.,5
44,3 44,5 22,25 33,5 -29.,5 62,5 -24.%
45,0 45,0 22,5 Y A I L U R
% SN O LA [ N VLDV DU B A TR by
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Table P4 -Wal)l No.2 2m x 7 brickcourse

End Shear in Moment 4in Slip strains x 10™% between brickvork and lintel at positions|| Central
reaction | shear span| flexure span huxzbered on wall wall
kN XM kNm 12 13 16 12 [ deflection
L)
o o o [} o (] o (] (<] <] (<]
4,45 | 4,45 2.23 1,0 o 0.5 o o - 0.l0
8,9 8,9 4.45 2,0 (] 1,0 1,0 <] 0,16
13,5 13,5 6.63 _ 4,5 2 4,0 3.5 (<] 0,32
17.8 17.8 8,9 7.5 4,5 4,0 3.5 (o] 0,45
22,25 22,25 11.13 1.5 6.5 6,0 4.0 0.5
31,15 31,15 15,57 15,0 10.5 16,5 7.5 0.5
40,05 40,05 20,03 30,5 14,5 48,0 18,0 0.5
44,5 44,5 22,25 s1,0 18,8 60,0 23,5 1.0
45,0 45,0 22,5 r A I L v ) 3 B
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The measured top and bottcm maximum edge flexure strains were
determined by plotting to scale, the strains measured at the

centre of each brick course and centre of lintel against wall
height. The values being taken at the maximum moment recorded.

For wall 2 this was determined as below.

Flexure Strain x 10-

compression tension

— — -F

Top Edge Strain = 25,0 x 10 Maximum Moment = 22,25klNm
. -5 :

Bottom Edge Strain = 22,5 x 10

Figure B.8
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WALL 2 - 2m x 7 Brick course

Comment were given on the following test results.

1. The load test values.

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4. The failure crack pattern.

5. Further comments on the wall resistance to the

loading during the test procedure.

The ultimate resistance moment of the wall produced
a value of 22,5kNm, being 2,01 times the SHOFCO value of
11, 2kNm. The ultimate shear resistance of the wall
produced a value of 45 kN, being 5,1 times the SHOFCO
value of 8, 75kN.

The maximum load test tensile flexure stress in the
lintel, of 10,0MPa and 37.per cent above the calculated
result of 7,28MPa. The maximum load test compressive
flexure stress in the brickwork of 2,55MPa was ;7 per cent
more than the calculated result of 2,38MPa, The graph of
the flexure strains (a) versus moment showed a uniform
increase except for the final applied moment when the strains
1 and 2 at the top of .the wall and strains 7 and 8 at the
bottom of the wall produced increased vaiues. The strains
along the tensile diagonals 10 and 14 increased to 33,5x10_5
and 62,5}:10—5 respectively. The slip strains at 12 and 16
‘at both ends of the wall 6ver the wall supports suddenly
increased to 51"x10-5 and 60x10_5 respectively, these four
above strains produced the final wall failure.

The measured central wall deflection, taken at an end

wéll reaction of 17,8kN when the central deflection gauge



was reroved in case of wall failure gave a galue cf O,45mm,
4,1 times the calculated central deflection of O,l1lmm. The
test deflection values did not coincide with the linear
calculated valueé the test values being erratic and not
producing a smooth curve.

As éan be seen from the photographic reproduction of
the failure crack pattern all the bricks gbove the lintel
and even more pronounced all the bricks above the lowest
layer of bricks to the left of the compression diagonal on
the left hand side of the wall slipped approximately 2cm to
the left, a crack also 6ccurring in the lintel at 45 degrees
adjoining the left hand support. There was also a similar
failure crack on the right hand side of the wall, as can be

seen, but not so severe as the left hand side. The cracks

"on voth sides of the wall appeared at approximately the same

time, running along the same failure pattern diagonaliy from

the inside of the supports to the inside of the 1dading

points.

80.
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WALL NO 3 - 2m x 9brickcourse
€ f
| —r o &
BRICKWORK
o i
NEUTRAL
e AXIS T
d-n d-n b:[
} . C’ f'
Ip B SC \" - | concrere
1 _ o €. £
l—;t—l
STRAIN DI1AGRAM STRESS D1AGRAM
Figqure B.12
= 8,56Pa ‘E_ = 44,5GPa b =70mm t - 105mm d = 790mm
= modular ratio = Ec/}E:b = 44,5/8,5 = 5,23
= —2mb * J (2mb)* - 4mb (b-24) - 462,6
2
= EbnM = 1,82MPa (calculated)
E;n t + E bt 2(d-n) + 2b(n-d+b) ‘
3 2 3
= E€, = 8,5x10°x30x10° = 2,55MPa (measured)
= E. (d-n)M . = 6,78MPa (calculated)
E,n t + E bt 2(d-n) + 2b(n-d+b) '
3 2 3
3 =5 _
= Ecec = _44,5%x10"x 20,5%x10° = 9,12MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.5
Load Test Analytical
Results Results
Marximum stress in brickwork 2,55MPa 1,82MPa
Maximum stress in concrete 9,12MPa 6,78MPa




Table B6 - Wall No.) 2m x 9 Lrickcourse

End Shear in Moment in rlexure strafins x 10's at positions numbered on walls

feaction| shear span| flexure span

XN XN XNm 1 2 b ] 4 1 6 2 8 [] 10
o o o [ o o o o (-] ) o ) o
8.9 8,9 4,45 ;J,S -2,5 -1, -1,0 -1,0 -0,5 +1,$ +2,0 +2,0 +4,5
17.8 17,8 8,9 -6,0| -3.8] -3.0] -2.0] -2.0] <0.5 | «2.0 | +3.5 ] +3.5] ¢7.0
26,7 .,l 26,7 13,4 -9,5 -6,0 -5.5 -3.% -3.5 0.0 +2,% +4.0 +4,5 +9,0
35,6 35,6 17,8 -13,0{ -7.0 -6,5 -4.5 —.5 0.0 +3,0 4,5 +7,0| +11.5
44,5 44,5 22,3 -21,0 | -11,0] -l0.,0 -6.,0 -6,0 -0.5 +3,5 +7,0 +8,5| +1%,0
53,4 53,4 26,7 -27,0 |-17.0| -1s.0] -7.5 | -6,5 | -o0.5 | <4.0 9.0 | +10.0 | «18.0
55,0 55,0 . 27,58 . r A 1 L v ) E
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Table B7 - %al) No.)

2n x 9 brickcourso

86.

nd Shear in Moment in ’ Diagonal -strains x 10°° at positions nunbesed on wall
seaction| shear span| floxure span '
kn kNm 12 0n 14 " 8 19 20 21
) [ () o o o ° ) ) o )
8,5 . 8.9 4,45 () 1.0 -2.0 -2.0 o <4.0 -1.0] -2.s
17,8 ° | 12,8 8.9 os| 45| -3.0 | —.0 ° +6.s | -s.s| -s.s
26,7 26,7 13,0 1.5 5.0 -5.% -6,0 «0.S 13,8 -7.0 -8,S
3s.6 35,6 17.8 2.5 7.8 -8.,0 | -12.0 +0.5 22.0 | -15,5] -1e6.0
4s 44,3 22,3 3.0 | 20,0 | -12.0 | -17.5 | +1.0 30,5 | -18,0| -28.5
$3.4 83,4 26,7 3,0 | ss,o | -16.8 | -26.0 +1.0 43,0 ] -24,0| -38.0
55.0 $s.,0 27.5 r A 1 L U V
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nble B8 - Wal) No,) 2m b kcou
End Shear in Moment in Slip strains x 105 between brickwork and lintel at positions Central
Teaction | shear span | flexure span nuxbered on wall wall
kn k¥ kin 16 17 22 23 11 deflcction

rn

o o o ) o o o ] o [

8.9 1 8.9 4,45 o o 1.5 o [ . 0.05
17.8 17,8 8.9 1.5 o 3.0 1.0 (o] 0,15
26,7 26,7 13,4 3.5 1,0 S 3.0 (-] 0,21
35,6 35,6 17,8 6,0 4,5 10,0 7.0 (<] 0,28
44,5 44,5 22,3 22,5 8,5 15,0 11,5 (]

53,4 53.4 26,7 41.0 11,5 31.0 16.0 o
ss.0 85,0 - 27,5 r A I L U R E
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The measured top and bottom maximum edge flexure strains were

determined by plotting to scale, the strains measured at the

centre of each brick course and centre of lintel against wall

height. The values being taken at the maximum moment recorded.

For wall 3 this was determined as below.

Flexure Strain X 10~

compression

5

tension
10 20

) i'mj\{rﬁp
[ S --rl-~

§
{
.

T

SR

Bottom Edge Strain =

-3
Top Edge Strain = 30,0 x 10
20,5 x 10

1
o
o
RS
x‘ i
Z .

3

Maximum Moment
<

Figufé B.TGI_



WALL 3 - 2m x 9 Brick course

Comments were given on the following test results:

1. The load test values.

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4. The failure crack pattern.

5. Further comments on the wall resistance tc loading

during the test procedure.

‘The ultimate resistance of the wall produced a value
of 27,5kNm, being 1,6 times the SHOFCO value of 17kNm.
- The ultimate shear resistance of the wall produced a value
of 55kN, being 4,78 times the SHOFCO value of 11,5kN

The maximum load test tensile flexure stress in the
lintel of 9,12MPa was .34 per cent above the calculated
result of 6,78MPa, The maximum load test compressive
flexure stress in the brickwork of 2,55MPa2 was 40 per cent
greater than the calculated result of 1,82MFa. The graph
of the flexure strains (a) versus moment showed a uniform
increase except for the two final applied moments producing
increased strain values. The strains along the diagonals
12 and-18,producea small tensile values of 3,0x10—5 and
1,0x‘l0—5 respectively, whereas strains at 13 and 19 in the

same line of action increased to maximum tensile values of

55%10 >

and 43}(‘!0_5 respectively; showing a great difference
between them and showing the big variation of strain and stress
at various positions in the wall especially when crossing the
diagonals connecting the load support points.

The strain aloné the diagonals 14 and 15 increased

to maximum compressive values of 16,5x.10_5 and 26x10_5
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respectively. On the opposite side of the wall the
diagonal strains 20 and 21 increased to maximum compressive
values of 24x10 > and 38x10 > respectively. The slip
strains at 16 and 22 at the outer ends of the wall increased
to maximum tensile values of 41x10 > and 31x107 >
respectively. In this wall and in the following walls
tested, because_of the increase in size of the walls, two
demec gauge lengths were fitted into each diagonal on each
side of the wall. The measured central wall deflection at
an end section of 35,6kN, when the central deflection gauge
was removed in case of wall failure gave a value of 0,28mm,
being twice the calculated value of O,14mm. The test
deflection Valués maintained a straight line and tended to
come even closer to the calculated values at the final
readings taken.

As can be seen from the photographic reproductions
-2f the failure crack pattern, in this teét both sides of the
wall were reproduced, the final position of the wall remained
much the same as in the unloaded case. The crack pattern
in the right hand side of the wall carried on from the
Abrickwork througﬁ into the lintel at a section adjoining the
right hand support, showing.the high vertical shearing
forces at this section.

The very high shears and moments sustained by this
wall having the smallest span and largest number of brick
coufses clearly illustrates thevarChing action of the wall.

" After the wall failure the lintel retained its initial
straight length along the span with no final buckling or
curvatufe deformation, which was noted in all.the other walls

tested. The low deflection values in the lintel pointed to
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to the fact that the lintel carried very little weight over
the centre portionvof the span.

To obtain a true arch, the end supports for the
brickwork required a horizontal restraint. The only
horizontal restraint in this wall was the horizontal shear
between the lintel, mortar and brickwork, there being no
reinforcement.

The vertical strain 11 running up the centre line of-
the wall connecting the lintel to the brickwork remained at
zero showing there was no separation between the lintel and
‘brickwork at this point.

The slip strains in conjunction with the tensile
strains produced the final wall failure.

The deep wall such as the 2m x 9 brickcourse wall can
be regarded as a frame ABCD with AB as a horizoental tension
member, DC a horizontal compression member and AD and BC as

sloping compression members, as shown in the diagram below.

|

A
7335
B B'

i
]
'
!
I
I
A
A

Figure B.17

When a slip failure occurs in the brickwork or
between lintel and brickWork causing B to move to B; it is
equivalent to.stfetéhing or cutting the tensile member AB
causing failure of the framework.‘ Further notes on arching

action are made in the conclusions at the end of the report.



WALL 4 - 4m x 5 brick courses
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WALL 4
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WALL NO 4 - 4m x Sbrickcourse
¢ t
— — _r O O
BRICKWORK
n
d
. NEUTRAL
4n d-n-b AXIS
. C’ fl
- 5 — c ] c
1 T 1 - o _lgc o \f CONCRETE
— . c
STRAIN DIAGRAM STRESS D1AGRAM
Figure B.20
Eb = 7,0GPa -EC = 44,5GPa b = 70mm t = 105mm d = 470mm
= modular ratio = Ec/Eb - 44,5/7,0 = 6,36
- +.j 2 , ‘
n = -2mb * (2mb) - 4mb(b-2d) = 320mm
2
fb = EbnM ‘ = 2,29MPa (calculated)
En.t + EC§£.2(d—n) + 2b(n-d+b)
3 2 3
f. = € = 7 0x103x44 0x155 = 3,08MPa (measﬁred)
b~ Ffp T 7 ' :
f = "E (d-n)M = 6,84MPa (calculated)
C c .
Ebn,t + E bt 2(d-n) + 2b(n—-d+b)
—_———— C_— —
3 2 3.
£ -EE_ = 44,5%10°%22,5%10° = 10,0MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.D
Load Test Analytical
Results Results
Karimum stress in brickwork . 3,08MPa 2,29MPa
Kaximum stress in concrete 10,0MPa - 6,84MPa




Teble BlO - Wall No.4 4m x S Lrickcourme
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Znd Shear in Moment in rlexure strains x xo" at positions nunbered on walls
Yeaction | shear span | flexure span . :
kN kN khm 1 2 3 4 .5 6 ? 8 9
o (] (-] (-] (-] (] (] (] (<]
2,23 2,23 2.2 8,0 -6,5| -3 -2,0 |+0.5| <3.,0
4,45 4,45 4,45 -15,% -12,5 -5 -2.0 +1,0 +5,0
6.67 €.67 6,67 -19,5 | -16.0f -7.5 | -3.0 | +1.s] <31.s :
8.9 8,9 8,9 -26,0 -20,5| -12,5 -6,5 +1,5 +11,5
11,13 11.1) 11,13 -31,% -23,0{ -20,0 -8.0 +3.,5 +13.S N
13,35 13,35 13,35 -37.,0 -33,5| -23,5 -9,0 +4,0 +16 S
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Toble Pll-Wwall No.4

dm x 5 Wirickcourne
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rné Shear in Moment {n h DPisgonal 'strains x 10™° at positfons numbered on wall
reaction| shear span| flexure span
kN kN kNm e ] 10 11 14 13 16 17
(] (4] o o [ (] (] [} [ <] (4] o (]
2.23 2,23 2,23 -0.,5 o -2,5 -5.5 (] 1.0 —4 -1.0
4.45 ° 4,48 4,45 -0.5 1,s| -4.0 -5.5 -1.0 2.0 -s .| -1.s
6,67 6,67 6,67 0.5 1,8 -7,0 -6,0 -1,0 .o -6.5 -2
8,9 8.9 8,9 -0.,% 3,0 -9.,0 -6,0 -1,% 3.5 -8.5% -2.,5
11,13 11,13 11,13 -0,5 s,0] -10,5 -6.5 -1.0 4.0 -10.% -2.5
13,35 13,38 13,35 -2,0 s,0}|-14,5 -7.0 -0.,5 4,0 -18 -8,0
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SLIP STRAINS (c) BETWEEN BRICXWORK AND CONCRETE LINTEL

Pigure B23

- u
né Shear in Moment in Slip strains x w" between brickwork and lintel at positions Central
reaction | shear span] flexure span humbered on wall wall
kN kN kNm 12 1) 18 9 7 deflection
[ )
[ , (4 (] o (4] (] o o (] (]
2,23 2,23 2,23 (o] (] 1 o 1,0 - 0.6
4,45 4,45 4,45 o ] 1,5 o 1,8 0,75
6,67 6.67 6,67 1.0 o 2.0 ° 2,0 1.38
8.9 8,9 8,9 2,0 1.0 3,0 1.5 12,5 1,83
11,13 11,13 11,13 3,5 2.5 3.0 2,0 14,0
13,35 13,35 . 13,35 4,0 6.0 18,5 16,0 17,0
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The measured top and bottom maximum edge flexure strains were

determined by plotting to scale,

the strains measured at the

centre of each brick course and centre of lintel against wall

height. The values being taken at the maximum moment recorded

For wall 4 this was determined as below.

Flexure Strain x 10-

compression tension
10 20
!._7 j..,. :
: _; SRR
iy
T
IR S
I IS R N
e
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T :
N
\R<; ‘
4o LIN'%"EL" -1 - 1 M\D\i\“
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Top Edge Strain
Bottom Edge Strain

Figure B. 24

-5
44,0 x 10
22,5 x 10°

Maximum Moment

= 13,35kNm
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WALL 4 - 4m x 5 Brick course

Comments were given on the following test results

1. The load test values.

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4. The failure crack pattern.

5. Further comments on the wall resistance to the

loading during the test procedure.

The ultimate resistance of the wall produced a final
value of 16,6kNm, being 2,2 times the SHOFCO value of : .
6 ,3kNm. The ultimate shear: resistance of the wall
produced a value of 13,6kN, being 2,5 times the SHOFCO
value of 5,5kN.
V The maximum load test tensile flexure stress in the
lintel of 10,0MPa was 46 per cent above the calculated
result of~6,84MPa;i The maximum load test compressive stress
in the brickwork of ?,O8MPa was 34 éer cent above the
calculated result of 2;29MPa. |

The graph of flgxure strains (a) versus moment
produced consistent uniform increases up to the maximum value.
The strains measured along the tensile and compressive
diagonals did not give uniform results, but varied considerably.
Strains 9, 11 and 15 remained constant over a moment increase.
The vertical strain measurement running up the centre line of
the wall ét strain 7 showéd a sudden increase at approximately
half the appliea méxiﬁum load to increase to a maximum strain
of 17x10_5.' This showed a partihg‘between the lintel and
brickwork or in the:brickwork at this point and may have

- caused the variance in the diagonal strains. Faint hair



cracks in this wall first occurred in the right hand half of

the wall and then when the failure was expected to occur here

a slip failure suddenly occurred in the left hand side of the
wall in strains 18 and 19 producing final measured strains
of 18,5, 10 and 16,0, 10 respectively.

The measured central wall deflection at an end
reaction of 8,9kN, when the central deflection gauge was
removed in case of wall failure gave a value of 1,83mm, being

1,35 times the calculated value of 1,35mm. There was a

fairly good agreement between the test and calculated values.

As can be seen from the photographic reproduction,
slip and diagonal failures were produced on both sides of the
wall, the major slip failure occurring on the left hand side.
However cracks first appeared on the right hand side of the
wall when/there were no cracks noticeable on the left hand
side and then suddenly the wall failed at the left hand
support with a slip failure. ‘The test to failure showed
strain'eneréy being dissipated in the right hand half of the
wall as it dispersed the energy through its length, while
the left hand half of the wall stored its energy until it
produced the sudden wall failure. When the ultimate load
was. reached the slip failure between the 1inte1 and the
brickwork spread across the whole length of the wall.

The brickwork as a solid whole, outside the failure
diagonals running between support and load point and above

the lintel was pushed outwards on both sides of the wall

approximately lcm.

100.
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Wall No.5 - 4m x 7 brickcourses

Fiqure B24
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Figure B25




wWall No.5

Failure crack pattern

Figure B26
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WALL NO 5 - 4m x 7brickcourse
- _ ¢ o f o
[
BRICKWORK
i .
d
NEUTRAL
T o [ B “AXIS
d-n d-n b:[ ,
. (, f
— C C
Ib 5 \ CONCRETE
4 i - oL A€ o f
- c
STRAIN DIAGRAM STRESS DI1AGRAM
Figure B.27
E_=8,86Pa -E_ = 44,5GPa b =70mm t = 105mm d = 630mm
= modular ratio = Ec/Eb = 44,5/8,8 = 5,05
n = -2mb * /(2mb)®> = 4mb (b-2d) = 385,15
2
fb-= EbnM - = 1,44MPa (calculated)
E;n t + E bt 2(d-n) + 2b(n-d+b)
3 2 3
£ - _ 3 -5 '
b = Ebeb = 8,8x107x26,5x10° = 2,33MPa (measured)
fc = ' Ec(d—n)M o = 4,6MPa (calculated)
E,n t + E bt 2(d-n) + 2b(n-d+b) '
3 2 | 3
£ = E€_ = 4,5%10°%x18,0x10° = 8,01MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.13

Analytical

Load Test
Results Results
Maximum stress in brickwork 2,33MPa 1,44MPa
Maximum stress in concrete 8,01MPa “: ;4;6MPa




Table D)4 - Wall No.S dm x 7 brickcouiso

End Shear {n Momunt in Ylexure strains x 10-5 at positions numbered on walls
reaction| shear span| flexure span

kN | $ kNm 1 2 3 4 S [ 7 8 9
o (4] (] . o (o] o (4] o (<] o o]

2,23 2,23 2,23 3.0 2,5 2,0 2,0 l.0 +0.,S 05,0 +4,0
4,45 4,45 ' 4,45 -5,5 -4,5 -2,5 -2,5 -1,0 «1,0 «4,5 +5,5
061 | 66 6.67 -72.s| -6.0| -3.5| -3.0 | -1.0 | «1.0 +5.8] 7.0

8,9 8,9 8.9 -9.,0 -7,5 -5.,5 -4,5 -1.,0 +1,5 +7,8 +9.5
11,13 11,13 211,13 ~-13,5 -10,0 -7.5 -6,5 -1,5 +2,0 +8,5| +10.5
13,35 13,35 13,35 -18,0 -12,5{| -10,0 -9,0 -2.5 +2,0 +10,0}| +12,0
15.58 15,58 15,58 -22,0 | -16,5|-13,0 | -11,5 -3,5 +2.5 +11,0}] +13.,5
17,8 17,8 17.8 -25,0 | -18,5] -16,5 -14,5 -5,0 +3,0 +12,5| +14,5
18,1 18,1 18,1 "F A I L U R E

)
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45 40

30 25

COMPRESSIVE STRAINE x 10
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Figure B2§
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Jahle P19 -Wal)l No.5 4m x 7 brickcoursc

nd Shear in Moment in Disgonal strains x 10‘5 at positions nunbered on wall
Treaction | shear span | flexure span

kN XK XNm 1o 11 12 13 16 17 18 19 L
o (4] o (<] o o (-] o o (] (<] o

2,23 2,23 2,23 -0,% o,s| -0,5 -1.0 o [¢] -0.,5 [¢]

4.45 .I 4,45 4,45 -0.5 [oJ8-1 -1,0 -1.0 o 1,0 -1,% -2,0

6,67 6,67 6,67 -1 1l -2,0 -2,0 (<] 1.5 . -2.,5 -3,0

8,9 8,9 B,9 -1.5 1 -3.5 -2.,0 -1.0 2,0 —4.0 -3.0

11,13 11,13 11,13 -1,% 1,5 -5,0 -2,5 -1.0 2,0 -5.5 —-4.5

13.35 13,35 | 13,35 -2 15| -7.0 | -3.0 |-1.s] 3.0 | -7.0 | -6.8

15,58 15,58 15,58 -2 2 -9.,5 -5.0 -1,5 3.s -9,0 -7.0

17.8 12,8 17,8 -2 2,5] -11,0 | -6,0 -2 4.5 -lo.,5] -8.0
18,1 18,1 - 18,1 r A 1 L 4 R z
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Fiqure E2S



Table B]G - Wall No.5

4a x 7 brickcourse

Znd Shear in Moment in Slip strains x 10’5 between brickwork and lintel at positions Central
veaction | shear span | flexure span numbercd on wall wall
kN | 3] kNm 14 1s 20 21 9 dcflection
na
o [} o o o o o ] o (<] o
2,23 2,23 2,23 o ] . 0,24
4,45 4,45 4,45 o (o] (] 0.5 0,40
6,67 6,67 6,67 (<] o 0,5 o 1,0 0,75
8.9 8,9 8.9 0.5 o [ 0.5 1.0 : 1,22
11,13 11,13 11,13 0,5 0.5 1,0 1.0 1,5
13,35 13,35 13,35 1,0 0.5 1.5 l,0 2,0
15,58 15,5? 15,58 2,0 1,0 3,0 2,0 2,0
17.8 12,8 17,8 2.5 1.5 3.s 3.0 2.0
18,1 18,1 18,1 ¥ A I L U R E
r'*] } i i . ‘ ! l
' N ]
l SRR S ISR
| : 1 i . i
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The measured top and bottom maximum edge flexure strains were
determined by plotting to scale, the strains measured at the

centre of each brick course and centre of lintel against wall
height. The values being taken at the maximum moment recorded.

For wall 5 this was determined as below.

Flexure Strain x 10-

compression tension

‘Top Edge Strain'= 26,5 x 10, Maximum Moment = 17,8kNm

Bottom Edge Strain = 18,0 x 10

Figure B. 31
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WALL 5 - 4m x 7 Brick course

Comments were given on the following test results

1. The load test values.

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4. The failure crack pattern. .

5. Further comments on the wall resistance to the

loading during the test procedure.

The ultimate resistance of the wall produced a value
of 18,1kNm, being 1,6 times the SHOFCO value of 11,2kNm,

The ultimate shear resistance of the wall produced a value
of 18,1kN, being twice the SHOFCO value of 8,75kN,

The maximum load test tensile flexure stress in the
lintel of 8,01MPa was ' 74 per cent above the calculated
result of 4,6Mpa.. The maximum load test compressive stress
in the brickwork of 2,33M?a was 61 per cent above the
calculated result of 1,44MPa.

The graph of flexure strains (a) versus moment showed
uniform increases up to their maximum values.

The compressive and tensile diagonal strains on
both the left and right hand halves of the wall produced
uniform increasing values with increasing moment. The
diagonal strains at 12 and 18 producing maximum values of
’11,Oxlo_5 and lO,5xlO_5 respectively. The slip strains up
to thé final moment meésured also produced fairly uniform
‘results.

The measured central wall deflection taken at an end
wall reaction of‘8,8kN when the central deflection gauge was

removed in case of wall failure gave a value of 1,22mm,



being 2,7 times the calculeted central deflecticn of O,45mm
The measured deflections were not on a uniform curve
and did not egquate very well to the calculated deflections.
A sudden slip failure occurred between the lintel and
the brickwork over the left hand support producing a
diagonal crack between the left hand support and left hand
load point at the ultimate resistance moment of 18,1kNm.
A diagonal crack also occurred in the flexure span at
failure. When the ultimate load was reached the slip
failure between the lintel and brickwork spread across the

whole length of the wall.
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"all No.6 - 4m %X 9 brickcourses
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Wall No.6

Failure crack pattern

Figqure B33
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WALL NO 6 - 4m X 9brickcourse
€ o f o
" -
BRICKWORK
. .
NEUTRAL
T o B “AXIS
d-n d-n-b ,
Tb 5 \ CONCRETE
1 - oL \e £
— c
t

STRAIN DIAGRAM STRESS D1AGRAM

Figure B, 34

,2GPa . -EC = 44,5GPa b = 70mm t = 105mm d = 790mm

modular ratio = Ec/Eb = 44,5/8,2 = 5,42
a2
-2mb 1 \/(2mb) — 4mb (b-24d) = 467,25mm
2
EbnM ! = 1,50MPa (calculated)
Ebn t + E bt 2(d-n) + 2b(n-d+b)
— C-—. —
3 2 3
€, = 8,2x10°x26,0x10° = 2,13MPa (measured)
' Bc(d—n)M = 5,62MPa (calculated)
Ent + E bt 2(d-n) + 2b(n-d+2b)
pt * Ebt 2 2
3 2 | 3
- E€_ = 44,5%10°x14,0%10° = 6,23MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.17
) Load Test Anélytical
Results _ Results
Baximum stress in brickwork 2,13MPa 1,50MPa
Kaximum stress in concrete ' 6,23MPa 5,62MPa
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Iable plR  Wall No.G dr x 9 brickcourso
Znéd Shear in Moment in Flexure strains x lo-s at positions numbered on walls
seaction| shear span| flexure span
kN kN kNm 1 2 3 4 S [ 7 L] 9 10
o o o o o [ o o ° o o ° o
4.45 4,45 4,45 4.5 -2,5) 2,0 | -1.0 | -0.5 | +0.5 | +1.5 | 1.5 | «3,5]| 3.8
8.9 8.9 8.9 -11.0 -.5| -3.0 -2,5 -0.5 ) +2,0 +3,0 +7,5 7.8
1B.s | a3s 13,5 -17,5 -9.0| -4.5 | -3.0 | -1.0 ° +3,0-] +3.5 | +6.5| e8.s
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Table P19 - Wol)l No.L d4m x 9 brickcourse
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et
iSY
.

Iné Shear in Morent {n Diagonal strains x xo's at positions nunbered on wa)l
geaction| shear span | {lexure span :
kx kK kNm 12 13 14 19 20 21 22
o o o (] [} o o o [ o o
4,45 4,45 4,45 .5 1,0 -1.0 -1,0 1,0 2,5 -2,0 -1,0
8,9 8,9 8,9 . 2,5 -3.8 -2.0 2.0 5.0 -2.5 -3.0
13,357 13.35 13,38 2,8 3,0l -5.8 -2.% 2.0 9.5 -6.0 -3.5
17.8 17,8 17.8 3,0 3.5 -7.0 -3.% 2,% 11,5 -8.5 -5,0
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/
Jeble P20 - Wall Nc.6  4m x 9 brickcourse
End Shear 4in Moment {n Slip strains x lo's between brickwork and lintel at positions Centzal
reaction | shear span| flexure span numbered on wall } wall
kN Y] kNn 16 17 18 23 24 25 11 deflection
men
o o o <] o (<] (] (] o o (4]
4,45 4,45 4,45 0.,S 1,5 .0 o.,S 1.8 2,5, (o] 0,18
8,9 8,9 8.9 1.8 3.5 s,5 9.0 3,0 7.0 o 0,35
13,35 13,35 13,35 2,0 4.0 6,5 10,5 4.5 12,0 0,5 0,52
17,8 17.8 17,8 2,0 4,0 7.5 11,5 5.0 12,5 0.5
22,25 22,25 22,25 2,5 4,5 9.5 13,5 S, 14,0 1,0
24,2 24,2 24,2 r A I L v R E
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The measured top and bottom maximum edge flexure strains were
determined by plotting to scale, the strains measured at the

centre of each brick course and centre of lintel acainst wall
height. The values being taken at the maximum moment recorded.

For wall 6 this was determined as below.

-5
Flexure Strain x 10

116,

] tension .
compression
50 40 30 10 B __130___1 ?—"io"‘- _
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S R 4 I : T ! -
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raximum Moment = 22,25kNm

' -5
 Top Edge Strain = 26,0 x 10 K
Bottom Edge Strain = 14,0 x 10
‘ Figure B.38



WALL 6 - 4m x 9 Brick course

Comments were given on the following test results

1. The load test wvalues.

2. The calculated and measured stresses and strains in
the wall,

3. The central wall deflection.

4, The failure crack pattern,

5. Further comments on the wall resistance to the

loading during the test procedure.

The ultimate resisﬁance moment of the wall produced
a value of 24,2kNm, being 1,42 times the SHOFCO value of
17kNm. The ultimate shear resistance of the wall produced
a value of 24,2kN, being 2,1 times the SHOFCO value of
11, 5kN,

The maximum load test tensile flexure stress in the
lintel of 6,23MPa was 12 per cent above the calculated
result of 5,6zMPa., The maximum load test compressive
flexure stress in the brickwork of 2,73MPa was 42 per cent
above the calculated result of 1,5MPa

The graph of flexure strains (a) versus moment showed
a uniform increase up to their maximum values.

The diagonal tensile strain at 20 increased to a
maximum measured value of 20,5 10 while the adjacent slip
strain at 25 increased to a maximum measured value of 14,0 10.
The slip strain between the lintel and brickwork at 23 over
the left hand'support also reaéhed a high maximum value of
13,5 10. The slip straiﬁs between the lintel and brickwork
af 16, 17 and 18 near the right hand support also increased

in value with strain 18 reaching 9,5 10.



The measured central wall adaeflection taken at an end
wall reaction of 13,35kN when the central deflection gauge
was removed in case of wall failure gave a value of 0,52mm,
being 1,23 times the calculated central deflection of 0,42mm,
The measured and calculated central deflection values were
close as far as the readings were taken,

A slip failure occurred at both ends of the wall,
which when the ultimate load was reached spread across the
length of the wall. Diagonal shear failures occurred on
both sides of the wall between the supports and the near

loading points.



Wall No, 7 = 6m x 5 brickcourses
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WALL NO 7 - 6m X S5brickcourse
_ - — € o f (o)
BRICKWORK
n o
d
NEUTRAL
T _ { B “AaxX1s
d-n d-n-b ,
. ; _ Cé fc
| Tb 7 _ 56 \f CONCRETE
- + — o el 9) c
STRAIN DIAGRAM STRESS D1AGRAM
Fiqure B.42
Eb =.9,3GPa "Ec = 44,5GPa b = 70mm t =-105mm 4 = 470mm
m = modular ratio = Ec/Eb = 44,5/9,3 = 4,78
) 2
n = -2mb i>/(2mb) — 4mb (b-24d) = 300,26mm
o2
fb = E, nM ' = 2,01MPa (calculated)
E,n t + E bt 2(d-n) + 2b(n-d+b)
3 2 _ 3
3 -5 '
fb = Ebeb = 9,3x107x27,5x10° = 2,55MPa (measured)
fc = ) Ec(d—n)M . ‘ = 5,45MPa (calculated)
E. n t + E bt 2(d-n) + 2b(n-d+2b)
b—— c— =
3 2 ' 3
f_ = E - )3 50 = a
c - cec = 44,5%x107x19,9%x10~ = 8,85MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.21

Load Test , Analytica]
Results ; Results
Maximum stress in brickwork 2,55MPa 2,01MPa

‘Maximum sﬁréss>in concrete ‘8;85MPa' | 5,45MPa




Jeble B22-Wall No.7 (+ x S brickcourso

Ind Shear in Moment in Flexure stzains x lo-s at positions numbered on walls
yeaction | shear span| flexure span

kN kN kNn 1 2 b ) H (3 7 8 9
o ] [ () <] (] (<] o ]

2,23 2,23 2,23 -2,0 -1,0 -0.5 +0,S +1,0 +2,5

4,45 , 4,45 ‘4,45 -5,5 -3.,0 0,5 +1,5 +2,5 +6,5

6,76, €.76 6,67 -19.5 | -10,5s | -2.5 | -1.0 | +3.5| «10.5 ’

8.9 8.9 8,9 -19,5 | -17,%5 | -l0,0 -1.0 +8,0 | +13,0

11,13 11,13 11,13 -24,0 -19,5 -11,0 -1,5 +9,5 +14,5

11,25 11,25 .11,25 ) 4 A 1 L U R ) 4

30 25 20 155 10 S
COMPRESSIVE SY?LAIN x 10 FLEXURE STRAINS (a)

H 10 lg
TENSILE STRAIN x 107

~ Figure B43



1z
Jable B2) - wal]l Nn,7 6m x % Frickcougpe
Ing Shear in Momant {n Diagonal strains x 10-5 at positfons nunbered on wall
3eaction | shear span | flexure span '
kNm 8 9 lo 11 1S 16 17 18
© (] o o ] (] (4] o o (o] (] (2]
2,2 2,23 2,23 +0,5 +0,5 -1.5 -1, (<] 1,0 -2,0 -0.,5
445 4,48 4,45 «1,0| «10] -2.0] -2.0| © 1.5 -3,5- | -1.8
€.76 6,76 6,76 +1.,5% +1.0 -4.0 -6,0 l.0 3.0 -5.,5 -2,5
8.9 8,9 8,9 +2,0 +1,0 -5.5 -8.0 3.5 . -7.% -3,5
11.1) 11,13 11.13 +2,0 -1,0 -8,0 -10,0 4,0 6.0 -11.0 -5,%
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Jablo D24 - wWall No.?

6m x S brickcourse

—
P

£nd Shear 4in Moment 4in Slip strafins x lo's between brickwork and lintel at positions Central
reaction| shear span| flexure span numbered on wall wall
kN k¥ kNm 12 1) 14 . 19 20 21 ? deflection
L1}
o (] o o (<] o o o (] (] o
2,23 2,23 2,23 o o 1.5 1,0 (] 4,5 (] 1,17
4,45 4,45 4,45 o o 3,5 1.5 [ 7.5 (o] 1,75
6,76 €,76 6,76 2,0 3,5 10,5 2,0 1,0 8,s 3,0 2,57
8.9 8,9 8,9 4.5 11,5 20,0 2.)o 2.0 10,0 15,0
11,13 11,13 11,13 6.5 18,0 25,0 5,0 3.0 11,8 19,5
11,25 11,25 11,28 r A I L v R 4
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The measured top and bottom maximum edge flexure strains were

determined by plotting to scale, the strains measured at the

centre of each brick course and centre of lintel against wall

height. The values being taken at the maximum moment recorded.

For wall 7 this was determined as below.

Flexure Strain x 10

compression

tension
10

20

T 1
-
T 4
Tl

i

-7

S
?

’__;_7_;,

1
|

1

!
7
i

o

—~ —‘ LIN"FELI— -

1 - —_ 1.

l ! |

. 1’_

Top Edge Strain =
Bottom Edge Strain

-5
27,5 x 10
-£
- 19,9 x 10

Figure B.46

Maximum Moment = 11, 13kNm
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WALL 7 - 6m x 5 Brick course

Comments were given on the following test resul+‘s

1. The load test values.

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4, The failure crack pattern,

5. Further comments on the wall resistance to the loading

during the test procedure.

The ultimate resistance moment of the wall produced
a value of 11,25kNm, being 1,8 times the SHOFCO value of
6,3 kNm, The ultimate shear resistance of the wall
produced a value of 11,25kN, being 1,9 times the SHOFCO
value of 6,0kN,

The maximum load test tensile flexure stress in the
lintel of 8,85MPa was 62 per cent above the calculated
result of 5,45MPa. The maximum load test compressive
stress in the brickwork of 2,55MPa was 27 per cent above the
calculated result of 2,01MPa.

The graph of flexure strains (a) versus moment showed
fairly uniform strain increases with moment. The graph of

diagonal strains (b) verses moment showed uniform

increases. The strain at 16 produced a maximum tensile

- value of 6x10-5. The slip strains also produced fairly

uniform increases, with increase in moment, the strains at

5 5

12, 13 and 14 produced maximum values of 6,5x10 -, 18,0x10"

and 25,0x107°.

The measured central wall deflection, taken at an end
wall reaction of 6,76kN when the central deflection gauge

was removed in case of wall failure, gave a value of 2,57mm

~J



being 1,3 times the calculated central deflectiorn of 2,02nm.
The measured deflections did not produce a smooth curve but
were fairly close to the calculated values.

In this wall test, the strain at 7, running
vertically up the centre line of the wall, connecting the
lintel to the brickwork suddenly increased to a value of
lelO.'5 at an end wall ?eaction of 8,9kN this load being
the penultimate one, The slip strains at 14 and 21 being
nearest to the centre of the wall produced large values of

> and 11,5xlO"5 respectively,

25x%10"
lDuring this test, hair line cracks formed on both

sides of the wall, the position and length and relative

travel showed the wall flexing first on one side and then

the other. The large central deflections and the parting of

the lintel from the brickwork at the wall centre produced a

slip failure between the lintel and brickwork along the

whole length of the wall, - Horizontal slip failures

occurred in the brickwork and diagonal failures occurred both

in the shear span and flexure span travelling from the bottom

to the top of the wall when the ultimate load was reached,

After wall failure, when the load was removed, the

-.wall remained in its collapsed position.



being 1,3 times the calculated central deflection of 2,02nm
The measured deflections did not produce a smooth curve but
were fairly close to the calculated values.

In this wall test, the strain at 7, running
vertically up the centre line of the wall, connecting the
lintel to the brickwork suddenly increased to a value of
15x10“5 at an end wall ;eaction of 8,9kN this load being
the penultimate one, The slip strains at 14 and 21 being
nearest to the centre of the wall produced large values of

> anad 11,5){10"5 respectively,

25x10"
’During this test, hair line cracks formed on both

sides of the wall, the position and length and relative

travel showed the wall flexing first on one side and then

the other. The large central deflections and the parting of

the lintel from the brickwork at the wall centre produced a

slip failure between the lintel and brickwork along the

whole length of the wall, - Horizontal slip failures

occurred in the brickwork and diagonal failures occurred both

in the shear span and flexure span travelling from the bottom

to the top of the wall when the ultimate load was reached,

After wall failure, when the load was removed, the

-wall remained in its collapsed position.
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Wall No,B = 6m x 7 brickcourses
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Failure .crack pattern

Figure B48
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Eb = 7,8GPa

"

WALL NO 8 - 6m x 7brickcourcse

d-n d-n—bj[

I O

7
AV
L \e.
STRAIN DIAGRAM

Figure B.49

44,5GPa b = 70mm

modular ratio = Ec/Bb = 44,5/7,

n = -2mb * /(2mb)> - 4mb (b-2d) =

Lald)

(o)

BRICKWORK

NEUTRAL

AXIS

| C
D £ CONCRETE

STRESS D1AGRAM

t = 105mm d = 630mm

8 = 5,7

397,25mm

E nM

b

t + E_bt 2(d-n) + 2b(n-d+b)

2

3

5

= 7,8x10°x24,5%10° = 1,91MPa

1,57 MPa (calculated)

(measured)

' Ec(d—n)M

£, =
En_
£, = E€,
f =
C
Ey
f. = E g, =

44,5%10°%14,5%10

n t + E_bt 2(d-n) + 2b(n-d+b)

2

=5

3

5,27MPa (calculated)

= 6,45MPa (measured)

Comparison of Load Test Results and Analytical Results

Table
) Load Test Analytical
Results Results
1 . . . N ) - Ld . ’
Ma>»imum stress in brickwork 1,91MPa 1,57MPa
‘Maximum stress in concrete '6,45MPa 5,27MPa
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Table D2r. - Wall No.B 6ém x 7 brickcourse

End Shear in Moment in rlexure strains x 10-5 at positions numbered on walls
roaction| shear span | flexusre span

kN XN kNn 1 2 3 4 H 6 7 8 9
(o] (] o (<] [} o o] (-] o

2,23 2,23 , 2,23 -2,0 ~1,0 -1.0 (o] (<] «0,5 +1,5 42,0
4,45' 4,43 4,45 -4,0 -2,5 -2,0 -0.,5 -0,5 +1,0 +2,5 +5,0
6,67 6,67 6,67 -7,0 -4,5 -3.0 -2,0 -1.,0 «1,5 04.(3 +6.,0
8,9 8,9 8,9 -11,5 -5.0 -3,5 -2,5 ~-1.0 +2,0 +4.,5 +7.0
11,3 11,3 . 11,3 -12,0 -8,0 -5.5 -3.5 -1;0 +3,0 +5,0 +8,0
13,35 13,35 13,35 -15,5 -9,5 -6.5 -4,0 -1,0 +3,0 +5,5 +9.,5
15,57 15,57 15,57 -22,0 -16,5 -11.5. -5,% -2,0 +3,0 +6,5 | +12,0
15.8 15,8 15,8 r A I L’ U R ) 4

i :__i LIS D
50 - 45 40 s 3o 25 20 -é
COMPRESSIVE STRAIN x 10 FLEXURE STRAINS (a)

10
TENSILE STRAIN x 10

X

Figure BSO



zné sShear in Moment in Disgonal strains x 10”2 at positions nunbered on wall
reaction| shear span| flexure span

1 3] kN kNn 1o 11 12 1) 17 18 19 20

© ] [ ] ) o o o ° o o o
2,23 2,23 2,23 o ] -0.,5 -0.5 o 0.s -0.5 0.8

e | e a.as o.s| o5 |-2.0 |-2.0] o5 | 1.0 | -1sc| -1s

6,67 6.67 6.67 0.,S 1.8 -2,% -2.,% 0.5 1.0 -2.0 -2.0

8.9 8.9 8.9 o.,Ss 2,8 -3,0 -3.0 1.0 1.5 -2.,5% -2.5

11,3 11.3 11,3 1,0 3.0 -3,5 -3.5 1.0 2.5 -3,5 -3,5

13,35 13,38 13,35 1.0 3,0 ) —.0 1.0 3.0 -4,0 -4.5

15,37 15,57 15.57 1.0 3.5 | -s.0 <5 | 15| 3.5 |45 | -ss

15.8 15.8 15,8 » r A b L ] b 1 4

3
-s TEKSILZ STRAIE x 10
DIAGORAL STRAINS (b)

8 6
COSFRESSIVE STRAIN x 10

-5

Figure BS]



Jable B2% - wal] No.B 6m x 7 brickcourse

nd Shear in Moment {in Slip straina x 1073 between brickwork and lintel at positions Central
reaction| shear span | flexure span nurbered on wall wall
XN XN kN 14 15 16 21 22 23 9 dcflection
- ~s
(4 [¢) o () o o o o o o
2,23 2,23 2,23 (o] o 1.0 [¢) 0.S 1,0 (o] 0.40
4,45 4,45 4,45 0,5 0.5 2,0 | 0.8 1.0 2,5 0.5 0,82
6€.67 6.67 6.67 0,5 1,0 2,5 0.5 1,5 3.0 0.5 1.27
8,9 B.9 8,9 0,5 1,0 3.5 1.0 2.0 4.0 1,0 1,50
11.3 11,3 11,3 1,0 1.0 5.5 1.5 2,8 s.5 1.0 2,05
13,35 13,35 13,35 1.5 1,0 7.0 - 1,8 J.o 6.0 1,0
15,53 15,57 15,57 2,0 2,0 8,S$ 1,8 3,5 7.0 3.0
15.8 15,8 1s5.8 r A b ¢ L v ) 3 E
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The measured top and bot“om maximum edge flexure strains were
determined by plotting tc scale, the strains measured at the

centre of each brick course and centre of‘lintel against wall
height. The values being taken at the maximum moment recorded.

For wall 8 this was determined as below.

Flexure Strain x 10

compression tension

Top Edge Strain = ‘24,5 x 10—5 Maximum Moment = 15,57kNm

-5
Bottom Edge Strain = 14,5 x 10

Figure B.53



The measured top and bottom maximum edge flexure strains were
determined by plotting tc scale, the strains measured at the
centre of each brick course and centre of lintel acainst wall

height. The values being taken at the maximum moment recorded.

For wall 8 this was determined as below.

Flexure Strain x 10_

compression tension

.....

Top Edge Strain = 24,5 x 10‘5 Maximum Moment = 15,57kNm

-5
Bottom Edge Strain = 14,5 x 10

Figure B.53



WALL 8 - 6ém x 7 Brick course

Comments were given on the following test results.

1. The load test values,

2. The calculated and measured stresses and strains in
the wall.

3. The central wall deflection.

4. The failure crack pattern.

5. Further comments on the wall resistance to the

loading during the test procedufe.

The ultimate resistance moment of the wall produced
a value of 15,8kNm, being 1,4 times the SHOFCO value of
11,2kNm. The ultimate resistance moment of the wall
produced a value of 15,8kNm, being 1,4 times the SHOFCO
value of 11,2kNm. The ultimate shear resistance of the wall
produced a value of 15,8kN, being 1,8 times the empirical
value of 8, 75kN.

The maximum load test tensile flexure stress in the
lintel of 6,45MPa was 22 per cent above the calculated
result of 4,7MPa; The maximum load test compressive flexure
stress in the brickwork of 1,91MFa was 22 per cent above the
.calculated result of 1,57MPa.

The graph of flexurérstrains (a) versus moment showed
a fairly uniform strain increase with ﬁoment. The diagonal
compressive strains 12,13,19 and 20 were grouped

closely together in magnitude ranging from 4,5x10-5 to

5,5x10—5. The diagonal tensile strains also formed a group
of nearly equal magnitudes.

The slip strains in this wall increased in magnitude

from the outer ends of the wall inwards towards thé centre



of the wall, the minimum values at 14 ana 21 being 2,0x10_“

and 1,5x10_3 respectively, the maximum value at 16 and 23
. -5 -5 . A .
being 8,7x10 and 7,0x10 respectively. The vertical

strain at 9 running up the centre line of the wall,

connecting the lintel to the brickwork produced a maximum

value of 3,0x10 °.

The measured central wall deflection, teaken at an cnd
wall reaction of 11,3kN when the central deflection gauge
was removed in case of wall failure gave a value of 2,05mm,
being 1,2 times the calculated central deflection of 1,65mm.
The measured results were not on a smooth curve but remained
fairly close to the calculated results. As can be seen from
the graphs depicting flexure strains, diagonal strains and slip
étrains there was no failure forecast in the wall. Hair
line cracks were noted on both sides of the wall, travelling
through the wall at approximately consistent rates.

The wall failed just after the last series of
measurements had been taken through a sudden slip failure
near the right hand support between the lintel and brickwork
which combined with a diagonal failure starting :
approximately one metre in from the right hand support.

The brickwork as a whole unit to the right of this diagonal
was pushed out approximately 2cm to the right. The slib
failure carried on throughout the length of the wall and
irregular crack patterns formed running diagonally both ways
up the wall near the centre line of the'wall.

When‘the load was removed the wall remained in its

failed collapsed position,



Wall No,9 - 6m x 9 brickcourses
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Wall No.9

Failure crack pattern

Figure B55
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WALL NO 9 - o6m X 9brickcourse
€ o f o
T " 1
BRICKWORK
N _
d v
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1. —n- " B ‘axis
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— C - c
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STRAIN DIAGRAM STRESS D1AGRAM

Figure B.56

E, = 8,7GPa ~Ec = 44,5GPa b = 70mm t = 105mm 4 = 790mm

modular ratio = Ec/Eb - 44,5/8,7 = 5,1

m =
n = -2mb */ (2mb)? -~ 4mb (b-2d) = 459, 4mm
2 .
ty, = E, nM = 2,06MPa (calculated)
Ebn t + E bt 2(d-n) + 2b(n-d+b)
—— C____ —
3 2 3
3 =5 _ '
fb = Ebeb = 8,7x107x26,5x10~ = 2,30MPa ( measured)
fC Ec(d—D)M , = 7,6MPa (calculated)
E n t + E_bt 2(d-n) + 2b(n-d+b) |
3 2 } 3
f =E¢e_ = 3 0> =
c c6c 44,5x107%12,0x10~ = 5,34MPa (measured)

Comparison of Load Test Results and Analytical Results

Table B.29

F‘ L] - - "
: Load Test Analytical
Results Results

Maximum stress in brickwork 2,3MPa - 2,06MPa

Maximum Stfess in concrete 5,34 o - 7,6MPa




Jable )2 -wall NO.9

6&m x 9 birickcourmse

boa

(o)

End Shear in Moment in rlexure strains x 10'5 at positions numbered on walls

reaction | shear span| flexure span

kN kN kNm 1 2 3 4 S [ ? ] 9 10
(] (] [} [} o o o o (<) o [} o [}
2,2 2,23 2,23 -3.0 -1,0 -1.5 -1,0 -1.0 [} o +0,5 | +1l.0 42,9
4,45 4,45 4,45 -4,0 -3,0 -2.5 -2,0 -2,% o (<] +0,5 | «1.,0 «2,5
6,67 6,67 6,67 -4,5 -3,0 -2,% -2,5 -3.0 -1.0 -0.% +0,5 | 42,5 +3.0
8,9 B,9 8,9 -5,5 -3.,0 -2,5 -2,5% -2.C -1,0 -1,5 -1.5 | +2,5 +3,0
11,13 11,1) 11,13 -7.0 -5,0 -3,5 -3.0 -2,5 -0.,5 -0.5 +1,0 | +2.5 +3.0
13,35 13,35 13,35 -9,0 -5,0 -4.,0 -4.,0 -4,0 -3.,5 -2,5 +0,5 | +3.5 +4.0
15,58 15,58 15,58 -14,5 -9,5 -5,0 -5,0 .5 -3,5 -3,5 +1.,0 | +4,0 +6,5
172.8 17,8 17,8 -20,0 -14,0 -9,0 -8,0 -7.0 -5,0 -6,0 -0.5 +5,0 +7,%
20,03 20,03 20,03 -25,0} -22,0 | -16.,5 -9.,0 -7.0 ~5.0 -6,0 +2,5 | +6,0 +lo.0
22,25 22,28 22,25 r A b ¢ L u R

20 15
COMPRESSIVE STRAIN x 10-5

Figurc BS7

FLIXURE STRAINS (a)

10

10
TENSILE STRAIN x 10-5 -

15 20
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Irtle T3] - v )L 2.9 (- w_Q bPri-s-nliimg

rnd s)u:; in MOoment {n - Diagonal nixuln- x X?S*:_;;:-Ttriron- nu:y':".;"‘;: ...—17
Teaction |shrar span| flexusre span -

xx kN kNm 12 13 14 15 19 20 21 22
o [ [ o [} (<) (4] ] ] o (<]
2.2) 2,23 2.23 -0.5| +2.0 o 0,5 o o -0.5
445’ 4.45 4.as -1,0}] +2.0 .-1.0 1.0 o.s -0.s -1.0
6.67‘ 6.67 6.67 -1.0 | +2.5 ~3.0 -1.0 1.0 0.5 -1.0 -1.%
B,9 8,9 8.9 -1,0 +4.0 -3,0 -2,0 1.0 1.5 -1,0 -2,0
11,13 11,13 11,13 -1.,0 | +3.0 -2,5 -3.0 1.5 2.0 -1.5% -3.s
13,35 13,38 13,35 0.5 | +4.0 -2.8 -3.0 1.5 2,5 -2,0 -4.5
15,58 15,58 15,58 0.5 | +3.0 -2,5 -4 1.5 2,s -2.5 | -s.0
17.8 n,é 17.8 -1.0 | +2.0 -5.5 -5.5 2,0 S.S -3.0 -8.5%
20,03 _ | 20,03 20,03 -2,0 | +1.5 -6.5 -8.5 2.0 13.0 —-4.5 -5.0
22,25 22,25 22,25 ) 4 A 1 L ] 3 b 4
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The meastred top and bottom maximum edge flexure strains were
determined by plotting to_scale, the strains measured at the

centre of each brick course and centre of lintel against wall
height. The values being taken at the maximum moment recorded.

For wall 9 this was determined as below.

-5
Flexure Strain x 10

compression tension

O IL\ZD:IL% T

1 o= .

i

' -5
Top Edge Strain = 26,5 x 10 Maximum Moment = 20,03kNm

Bottom Edge Strain = 12,0 x 10~
Figure B.60
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WALL 9 - 6m % 9 Brick course

Comments were given on the following test resul-s.
1. The load test values.
2. The calculated and measured stresses and streins in
the wall.
3. The central wall deflection.
4. The failure crack pattern.
5. Further comments on the wall resistance to the

loading during the test procedure.

The ultimate resistance moment of the wall produced
a value of 22,25kNm, being 1,3 times the SHOFCO value
of 17kNm. The ultimate shear resistance of the wall
produced a value of 22,25kN, being 149 times the SHOFCO
value of 11,5kN,

The maximum load test tensile flexure stress in the
lintel of 5,34MPa was 42 per cent below the calculated result
of 7,60MPa. The maximum load test compressive flexure
stress in the brickwork of Z,éOMPa was 1z per cent above the
calculated result of 2,06MPa,

The graph of the flexure strains (a) versus moment
showed a non-uniform increase throughout the total loading
range, Thé_diagonal strains (b) also produced very
ifregular and varying values throughout the total loading
range, with several of the strains increasing and then
decreasing and overlapping one another.

The diagonal strains at 22 and 15 produced

maximum compressive values of 9,0x10 ° and 8,5x10'5

respectively. The diagonal strains at 13 and 20 proccuced

maximum tensile values of l,5x10-5 and 13,Ox10'5 respectively.



o

The €lip streins (c) at 1€ and 23, betwecern tic lintel and
brickwork at the outer ends of the wall produced maximum
tensile values of 25,5){10"5 and 27,5){10—5 respectively.
The slip strains at 17, 18, 24 and 25 further in to
the centre of the wall produced a maximum value of 6,0){10-5

about 25 per cent of the outer slip strains. The vertical

strain at 11, running up the centre line of the wall produced

a maximum value of 1,5x10-5.

The measured central wall deflection taken at an end
reaction of 13,35kN when the central deflection gauge was
removed in case of wall failure gave a value of 1,24mm, being
1,3 times the calculated value of O,96mm. The measured
values did not produce a smooth curve, but remained fairly.
close to the calculated values.

As can be seen from the photographic reproduction, the
final wall failure was produced by a slip failure between the
lintel and brickwork at the right hand support and also
between the lowest layer of bricks and the one above it which
continued on into a diagonal shear failure, The brickwork
as a whole unit between this diagonal failure and the right
hand end of the wall was displaced approximately three
centimetres to the right, A second diagonal failure in the
brickwork was produced in the flexure span under the ultimate
load when the slip failure between the lintel and the
brickwork spread across the whole length of the wall. The
wall remained in its collapsed position when the load was
removed,

Hair line cracks were noted running through the left
hand side of the wall at the lower load of approximately -9kN,

the right hand side of the wall remaining uncracked. Again,



this wall as in wz2l 4, (the 4m*x5 brichk course) showed a
pattern of enercy conservation as energy dissipated itself
in the flexing left hand half, the right hand half storing

the strain energy and releasing it in a sudden failure.



APPERKDIX C

RESULTS OF STRESS/STRAIN RELATIONSHIP FOR CONRCRETE

CUBE TESTS

Stress/strain relationship for each of the two cubes tested

in compression to determine the E value of concrete,

referred to on p.

Table
CUBE 1 CUBE 2
Stress N/mm2 Strain X 10-5 Stress N/'mm2 Strain x 10-5
0 o (6] (0]
2,42 3,0 2,42 4,5
4,84 6,25 4,84 8,75
7,26 9,75 7,26 14,5
9,68 15,5 9,68 17,5
12,10 18,25 12,10 22,75
14,53 23,0, 14,53 29,75
16, 95 30, 50 16,95 34,25
19,30 36,50 19,30 40,25
21,72 43,25 21,72 29,75
24,20 53,50 24,20 59,75
26,62 63,25 26,62 67,50
29,04 71,75 29,04 75,75

Table C,1

49}
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APPENDIX D

DERIVATION OF THEORETICAL FORMULAE USED

Theoretical derivation of composite wall action formulae

neglecting tensile strength in brickwork

- €y Ay _
BR1CHKWORK
n
1
NEUTRAL _
—3— — l_-yj 1 AXIS
3-n d-n-b ¢ b g | o
I Cc C
' ONCRETE
S _ |\, Ny [COMCRETE
C
! tl strain diagram stress diagram
Figure D.1 '
b - n.\w fb = Eb.nfyf E_ .
-/ - - / — o
- (d=n-b)xw fC Ec(d n-b)\w Ey
= (@) f. = E (@ n)y

Jsing subscript 'b' for brickwork and subscript 'c' for concrete.

Eguating Forces

D.n.‘\(/ét.n - E_ [(a-n-b) + (d—n)]]%/.t.b

!
= m(2.4-2.n-b)b

-~ 4+ 2.m.b.n + rn.b:2 - 2.m.b.d =0

. . > m.b.n + m.b(b-2.4) = 0

- —2.m.b *J[(2.m.b)* - 4.m.b(b-2.4d)]
' 2




M

&z

& Xz

MOMENT M =

FORCE LEVER ARM

f -n.t.2.n + £/.b.t(d-n-2.b) + f_.b.t(d-n-b)
2 3 2 3 2 3
!

o= _fe = e

Eb.n E (d-n-b) EC (d-n)
E .n°.t + E_(d-n-b)b.t(d-n-2.b) + E_(d-n)b.t(d-n-b)

3 ¢ -T2 3 - -T2 3
E_.n’.t + E_.b.t[2(a-n)* + 2b(n-a+b)]

—_— C e— f—

3 2 3
M .
E .n®.t + E .b.t [2(d-n)® + 2b(n-d+b)]
b c =
3 2 3
E .nx = E,-n.M .
E .n>.t + E_.b.t[2(d-n)* + 2b(n-d+Db)]
b =" c 5= =
3 2 3
E_(d-n)x E_(d-n).M
E,.n>.t + E .b.t[2(d-n)* + 2b (n-d+p)]
b =3— c =5 3



APPENDIX E

SHOFCO VALUES FOR THE WALLS

The SHOFCO values for Moment and Shear for the walls were
taken from SHOFCO (S£ructural Hollow Floor Co.) Prestressed
Concrete Products recommended strength values of brickwork
without reinforcement supported on lintels. The SHOFCO
curves are related to the moment and shear recsistance curves
obtained from sstresses given in accordance with SZBS 029-1962.
Thg stresses and rélated factors taken from this
reference were used to produce curves of moment and shear
resistance of.walis combosed of lintels supporting five,
seven and nine brickcourses. A full calculation of moment
and shear resistance for a seven brickcourse wall is given,

the lintel used, being for spans greater than 4m.

The five and nine brickcourse wall results were obtained

in the same way and the results used to obtain the curves shown

in Fig.E.3

In obtaining these curves a low compressive strength

brick was used (20,1 MPa-28,1MPa) set in a 1:4 cement/sand mortar

with lintel size 105x 70 with 4, 4,5mm’'diameter wires. This

steel area being used for the longest spans made, greater than 4m.
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Moment and Shear Resistance Curves obtained for cocmposite

wall of lintel and seven brickcourses.

f
' 3 - C
kd (compressive load

' in concrete)
)
d d

e R
— : T
t (tensile load

in steel)
Figure E.1

Extract from SABS 029 1962

Quality of Brick fb(ult) = 20,1 - 28,1MPa
Allowable working bending stress (fb) = 1,8MPa
Allowable shear stress v - = 0,20MPa
- 1 =
E/E = m 27
E /E = m” = 10
s’ ¢
' ,

Allowable Shear Force = V = v.t(d-kd/3)-
Tw = Allowable working tension per wire = 16kN (4,5mm dia)
C/f, = t.kd/2 = 105.kd/2 = 52,5ka’
T/f, = (d'—kd').g'(Al+m'.’A )

kd? m// S
‘Al = Lintel area AS = Steel area
T = £, (3-kd) (B)

kd’
k and ﬁ are constants
For balanced design C = T

t.(kd) = p (3-kd)
2 ka’



B = gf(A1+ m”AS) is solved for the values of m = 27 and
ml/ -

"

m 10 and for a liﬁtel size of 105x76 and a steel area of

four wires of 4,5mm diameter.

g = 23,2610 mm?

105 (k@) , + ka' = a'
2.23,26.10

for kd’'= 100mm a’'= 122,57mm
for kd' = 200mm ~ 4d’= 290,26mm
for kd'= 300mm a’ = 503,13mm
for kd'= 400mm a’= 761, 1mm
for kd'= 500mm a’= 1064,3mm
for kd'= 600mm a’= 1414,5mn

A graph of kd'- @’ is shown plotted in Figure E.2

For a seven brickcourse wall

d = 630mm 4 = 630-70/2 = 595mm

from FIGURE E.?2 kd' = 337mm

FIGURE E.2

ja)
1t



C =1 .t.kd = 1,8.105.337.10° = 31,8&5x:

2 2 |
1 -
Resistance moment (brickwork) = C(d-kd) = 31,85(595-337)10°
3 3
= 15,37kNm
T = AT = 4.16kN = 64kN
Resistance moment (steel) = T (a-ka) = 64 (595-337)
max. = I~
3 3
- 30, 9kNm

C governs resistance

Allowable Shear Force for seven brickcourse wall

vV = v.t(d—kd73) = 0,20.105(630—337/3)10—3kN

10, 8kN
Values of Moment Resistance and Shear Resistance were found

for the five and nine brickcourse walls and tabulated below.

Number of Moment Shear
Brickcourses Resistance Resistance
5 9,15 kNm 8,0 kN
7 15,37 KNm 10,8 kN
9 23,5 kNm 13,8 kN
: Table E.1

The above results are shown plotted in FIGURE E_,3 together

with the SHOFCO curves
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Number 0f brickcourses FIGURE E.3
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Figure E.4 shows a comparison of the Ultimate Resistance
Moment of the walls determined experimentally with the
calculated values derived from the formula shown in
Appendix E and using the lintels given in Appendix G.

The above two values are within approximately the
same range. The calculated values are very high and allow
for no factor of safety.

Figure E.5 shows a comparison of the Ultimate Shear
Resistance of the walls determined experimentally with the
calculated values derived from the formula shown in
Appendix E and using the lintels given in Appendix G.

The 4m and 6m spans carrying 5 brick courses gave
caiculated values close to the ultimate values. The 4m and
6ém spans carrying the 7 brick courses gave calculated
values of approximately half the ultimate values. The 4m
and 6m spans carrying the 9 brick courses gave caculated
values of less than the ultimate values.

The 2m spans produced the only £ig difference in
comparison, giving calculated values of approximately

one third of the ultimate values.
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ATPENDIN F

Theoretical Derivation of Central Wall Deflection

Obtaining an equivalent EI in terms of brickwork only,

neglecting brickwork on tension side of neutral axis

strain
d
(oW - - - - —_ - O
d-n-b/2
- d-n
- bI——d : . - T - TLTO i j
— steel area = AS
Figure F.1
E E ] _
c/ = m s/ = m A = area of steel
E E s
b b
3 3 2 2
Total Ioo = tn~ /3 + tb~ /12 + tb(d-n-b/2)" + As(d~n—b/2)

Equivalent EI in terms of brickwork only =
. , 2
Eb[£n3/3 + m(tb3/12 + tb(d—n—b/Z)z) + m(AS(d-n—b/2) ﬂ -

Calculation of Central Wall Deflection

Considering the 4mx7brickcourse wall
$ ¥ | B
W{ . | 4y

T

Figure F.2

E1d%y/dax? = Wx - W{x-1) = W(x-3)

.EIdy/dx = Wx2/2 - W/2(x—132 - W/2(X—i)2 + A

Ely = Wx>/6 - W/6(x-1)°> - W/6(x-3)> + Ax +B

y =0 x =0 B= 0, y =0 x = 4 A = -1,5W
beflection at centre of wall y = 1,832W/EI

The eguivalent EI in equation 1 is obtained for the

4mx7brickcourse'wall by substituting the followlng terms.
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Lb = 8,8GPa EC = 44 ,5GPa ES = 200GPa
L = EC/Eb = 44,5/8,8 = 5,05 m = ES/Eb = 200/8,8 = 22,73
t = 105mm n = 385,15mm b = 70mm d = 630mm
A = area of five wires of 2,64mm diameter = 27,37mm2
3 2

Equivalent EI = 36,2 10~ kNm

Central wall deflection under loads of 8,9k:il is. okbhtained from

y = 1483389 =9 45 10°%0 - 0,45mm
36,2 10




APPENDIX G

Lintel Specifications

The lintels used in the tests, contained five tendons, each

of 2,64mm diameter, placed as shown in Figure

32mm

T|-0 ®
23mm

1]1-o0 o
6mm

T — ©
9mm

L L

— i ——

10mm 42 ,5mm 42 ,5mm 10mm

A 1o$d of 6kN was initially applied to each tendon , being
70% 0f the breaking load of 8,6kN. A 20% loss of load was
allowed for giving a final load in each. tendon of 4,8kN.
The five tendons produce a total prestressing force of

24kN resulting in a maximum prestess of 5MPa
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