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ABSTRACT

Load bearing masonry wall supported over lintels, grade beams, Tfloor beams
etc. when subjected to superimposed vertical load act compositely with the
supporting member. The wall contributes in stiffening the structure, the
effect of which is reduced dimension and saving in material of bottom
beam. An experimental investigation has been performed to study this
composite action between wall and the supporting beam. In this
experimental program a total of twelve specimens under four groups are
tested. Out of these twelve specimens nine are composite wall-beam and the
remaining three are reinforced concrete beams which are identical to the
bottom beams of the composite wall-beam of the test series. Different
height to length ratio of the wall beam has been considered 1in the study
by varying the length of wall, while keeping the height of wall and beam
constant. Different bond pattern in the brickwork of wall-beam structures
and the provision of reinforcement in the brickwork are also considered in

this study.

From the analysis of the test results, the effect of bond pattern of
brickwork, inclusion of vertical reinforcement in the wall and H/L ratio
on the failure load and deflection of composite wall-beams are discussed.
The test results along with the analysis using existing formulae are also
reported in this study.

Load carrying capacity of composite wall-beam structure 1is predicted by
considering the wall-beam section uncracked and ultimate state of failure.
The formulae for reinforced concrete® beam and deep beam have been used

with slight modification for prediction of the load.

An analytical method is also suggested for the prediction of load carrying
capacity of composite wall-beam. The predicted load using this suggested

method 1is compared with the experimental loads.
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CHAPTER 1
INTIWDUCTION

1.1 General

Masonry walls supported over other members such as lintels or

beams in buildings are called the composite wall-beam
structure. These composite masonry structures tend to act
combinedly when subjected to vertical loading. In composite

wall-beam structure, the high inplane rigidity of wall makes
it act more like a tied arch or deep beam. The beams are
thus required to tie the arch and hence, axial force is more
predominant than the flexural action. Generally for design
of lintels, grade beams, TfTloor beams etc. the brick work lying
over these members are considered as dead weights. The beams
are designed to support the load of an equilateral triangular
area of brick work. The base of this triangle 1iIs the span of
the beam. Consideration of the composite behavior of wall-
beam structure will not only lead to a rational design of
beams and walls, but also ensure satisfactory performance
with respect to cracking. This study 1is an attempt to
investigate the influence of different parameters on the

composite behavior of wall-beam structures.

1.2 statement of the Problem
Some of the common examples of load bearing masonry walls
supported over reinfroced concrete beams spanning between two

supports (composite wall-beam) are discussed below.



1.2.1 Brick Wall over Lintel 1in Masonry Wall

In masonry building, reinforced concrete lintels are provided
over the openings of wall such as, doors and windows to
support the brickwork above it and also the floor slab. The
reinforced concrete lintel and the brickwork above it act as

a composite wall-beam strycture as shown 1in Fig. 1.1.

RC floor slab brick wall

lintel or beam

Jl I I ; I 1c=J]1 |
Il Il I | | [~ Il
I I 1l oo |
(| N L Y WY N [ =2
JI Il Il | | Il Il I
Il 1l 1l 1 I Il l I
Il Il I Il ]| Il Il
l Il 1
Il 1]
T |
o I
Il [ 1>- -

opening Tfor door or window

Fig.1.1 Load Bearing Brick Wall Over Reinforced Concrete
Lintel



1.2.2 Load Bearing Brick Wall Over Grade Beam

In cases where piles are used for the foundation of building,
the brick wall above grade beam (foundation beam) may be
considered as a load Dbearing wall. The grade beam and the
load bearing wall above it will act as a composite wall-beam
structure as shown 1in Fig. 1.2. In such condition, the size
of the grade beam can reduce 11T it 1s designed taking 1iInto
account the composite action between masonry wall and RC beam,
which gives the beam greatly increased lever arm over that of

the RC beam acting alone.

load bearing brick wall

LELE e
I
| =C="- G R k- =

I | | RC grade beam

I Rcaie

I
pile cap AL |
~—~~1I 1/
| | , | |
|| | | ‘ ‘
| | ||
~
—t— -
Fig.1.2 Load Bearing Brick Wall Over Reinforced Concrete

Grade Beam



1.2.3 Load Bearing Brick Work Over Floor Beam in Framed
structure

In framed structure building where ground floor spaces are
kept open for parking and other utility services, masonry wall
above Tirst floor beam may be considered as load bearing wall
shown i1n Fig.1.3. The load bearing brick wall over the floor
beam may be act as a composite wall-beam structure.In such
case, columns may be continued upto Tfirst floor beam level
and the size of beam at first Tfloor level can reduce if
composite action between the masonry wall and the floor beam

is considered.

load bearing brick wall

RC floor beam

ground Tfloor open-
for parking

RC column

Fig.1.3 Load Bearing Brick Wall Over Reinforced Concrete
Floor Beam



1.2.4 Load Bearing Brick Wall Over continuous Lintel in

Framed structure
In reinforced concrete framed structures generally beams are

placed below the slab level to carry the loads of slabs and

walls. Conventionally the gap between the bottom of beam and

the top of lintel is filled up with brickwork. This brickwork

is considered as Tiller material. In such cases the

continuous Qlintel and the brick wall above it extending upto

floor level may be considered as composite wall-beam structure

which may lead to replace the floor beams as shown in Fig. 1.4

C

slab without beam

-load bearing brick wall

RC lintel

window door

RC column

Fig.-1.4 Load Bearing Brick Wall Over Reinforced Concrete
Lintel In Framed structure



1.3 Justification of this study

In Bangladesh, the present construction of building is based
on utilization of primary materials like cement, steel,
bricks, stone etc. The demand for these materials i1s enormous
and the building materials iIndustry and trade are unable to
cope with it. There 1is always a wide difference between
demand and the supply of these materials in the market. As a
result, the price of building materials 1is rising very high
day by day with the growing demand and consequently the
overall cost of building i1s iIncreasing sharply. Consideration
of the composite behavior of wall-beam structures lead to a
rational design of the supporting beam resulting 1in
significant saving in concrete and steel. Parametric study in
this fTield have been made in different countries of the world
leading to new design recommendations. Recently a theoretical
study has been carried out in the civil Engineering
department of BUET, Dhaka. It appears that there are
considerable scope and need for experimental study in this
field. It may be mentioned here that most of the previous
researchers have restricted their work to uniformly
distributed load on running bonded brick work. Very little 1s
known about the behavior of wall-beam composite action
subjected to concentrated load and stack bonded brick work.
It 1s expected that the result of this experimental

investigation would help 1n understanding the behavior of



composite wall-beam structures. This may lead to economic

design of lintel, grade beam, floor beam iIn framed structures.

1.4 objective of this study

There are immense potentialities of increasing the
application of composite wall-beam structure 1in this country
if composite behavior is duly taken 1into consideration. This
is expected to reduce the dimension of supporting beam and 1iIts
steel requirements. The present study may be considered as the
beginning of a research program to be carried out in BUET in
order to 1identify the significant parameters iInfluencing the
composite behavior of wall-beam structure. The main

objectives of this study are -

i) To study the behavior of reinforced concrete beam or

lintel when brick masonry wall 1is built over 1it.

-
-
o/

To study the influence of height to span (H/L) ratio of

composite wall-beam on 1its load -carrying capacity,

deflection and crack pattern.

ifli) To study the effect of different bond pattern in brick
wall supported over reinforced concrete beam.

iv) To study the effect of shear reinforcement in composite
wall-beam structure.

V) To compare the load carrying capacity, deflection, and

failure pattern of the composite wall-beam with the

respective supporting reinforced concrete beam.



vi) To suggest design methods on the basis of this

investigation.

1.5 Scope of The Present Study

There are many Tfactors that influence the behavior of
composite wall-beams. For example height to span (H/L) ratio,
bond pattern of brick wall, opening in the wall, depth of the
supporting beams, amount of reinforcement in the supporting
beams, presence of vertical and horizontal reinforcement in
the wall, type of loading, strength of constituents materials
etc. are some of the prominent parameters. The present
investigation has been [limited to study the effect of height
to span (H/L) ratio, bond pattern (two types) and inclusion of
vertical reinforcement in the wall on the behavior of wall-
beam structures. It may be mentioned that different height to
span ratios were achieved by varying the span of the composite
wall-beams while height of all the walls were kept constant

at 2 ft. 6 iIn. for all the test beams.

suitability of the existing design methods for computing
flexural and shear strength of reinforced concrete beams have
been studied with appropriate modification to predict the
ultimate load of composite wall-beams. Increase in load
carrying capacity of the supporting beams due to composite
actions have been studied in relation to its non-composite

behavior.



1.6

Methodology of study

Methodology of this research work is summarized as follows:

)

v/

Available literatures were reviewed in order to know the
state of the art of composite behavior of wall-beam
structures.

Three reinforced concrete beams of varying span having
same cross sectional area and reinforcement have been
made and tested in the laboratory.

Three running bonded brick masonry wall have been
constructed over the similar type of reinforced concrete
beam (as mentioned in (ii1) and tested in the laboratory
to investigate the composite behavior of wall-beam
structures.

Three stack bonded brick wall without \vertical
reinforcement and three stack bonded wall with vertical
reinforcement in vertical joints of wall have been
constructed over the similar type of reinforced concrete
beam as mentioned in (ii1) In order to iInvestigate the
effect of bond pattern and vertical reinforcement in the
composite wall beam structure.

Crack pattern, fTailure load, deflections at different
levels of loading have been recorded during the test.
Test results have been analyzed and compared with the
results of similar works and recommendations have been

put forward.,



CHAPTER 2

REVIEW OF LITERATUIIlI

2.1 Introduction

Masonry walls supported over lintels or beams spanning between
two supports are called wall-beam structures. Some examples
of wall-beam structures are illustrated 1in Figs.l.1 to 1.4.
it has been recognized that structural interaction takes
place between a masonry wall and a supporting beam when these
are subjected to superimposed vertical load. Composite wall-
beam acts similar to an arch or a deep beam due to their
high inplane rigidity. It has also been recognized that
superimposed vertical loadings on the wall of composite wall-
beam structure are not transmitted vertically down to the beam
below but are carried towards the support points by arching

action!")as shown in Fig. 2.1.

To develop the design method of the composite wal l-beam
structure, the iImportant parameters such as, the maximum
vertical stress in the wall, the axial force in the beam, the
maximum shear stress along the interface, the maximum bending
moment in the beam and 1its location and also the maximum
deflection are to be considered. It is to be noted that a
number of investigators(2.J.431lready started their work on this

subject and their available papers have been reviewed here.

10



Fig-2.1 Arching Forces in Wall ( Hendry) o

Brick masonry wall is the major part of a composite wall-beam
structure, so the properties of brick masonry and its
behavior in flexural, shear and diagonal tension with or
without reinforcement are reviewed here. ACl code provisions
for the design of reinforced®™ concrete deep beam has been
illustrated here. Concept of reinforced concrete deep beam
behavior has been later introduced with appropriate
modification to estimate the ultimate load of composite wall-

beams.
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2.2 Previous study on Composite Wall-Beam structure®

In 1952 Wood~ introduced an empirical design method for brick
walls supported over reinforced concrete beams subjected to
superimposed vertical Iload on top of the wall based on tests
of typical house walls. He introduced moment coefficient for
the design of supporting reinforced concrete beam. Following
his work a number of investigators found iInterest to work on
this new fTield and Wood didn*"t Ilose his iInterest either. He
along with Simms(6)continued this study and in 1969, proposed
a tentative design method which was based on the assumption
that the vertical stresses in the vicinity of the supports
formed a rectangular stress block which extended a distance
*X" into the span from each end of the beam as shown in
Fig.2.2. This simplified loading diagram was conservative
because it overestimates the bending moment in the beam and

underestimates the actual peak stresses 1in the bricks Ilocally.

In 60s" Burhousedl tested composite wall-beams supported over
reinforced concrete beam until Tailure. The height to span
ratio of the composite wall-beams were 0.33 to 0.81 having 12
ft. span iIn all cases. The overall dimensions of the beam. in
each test were 12 in. deep by 6 in. wide but the
reinforcements were different. From the fTailure load he
derived working 1load with a load factor of 5 in accordance

with table 10 of B.S. code of practice CP 111:1970W.

12



wfunit length

typical distribution in
elastic phase

X__~

(1 Wi

Fig.2.2 Assumed  Equivalent Beam Loading (Wood & Simms)!®)

The ratio of working load derived with Qload factor and the
permissible working load derived in accordance with CP 111 is
about 0.29 to 0.66 which assumes the wall on a rigid
foundation. It was found Tfrom his experiment that the
failure load of composite beam-wall having HfL ratio of 0.33
(test specimen No.9) is higher than that of composite wall-
beam having HfL ratio of 0.83 (test specimen No.8). He
explained, that the Ilatter beam fTailed at lower load due to

the effect of higher slenderness ratio of the wall.

13



In the early 60s" Rosenhaupt™ tested twelve masonry walls on
point supported beams to Tfailure under uniform distributed
load. A typical test specimen along with the loading

arrangement 1is shown 1iIn Fig.2.3.

.’
11
r

Fig.2.3 Loading Arrangement (Rosenhaupt)m
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H/L ratio of tested specimen varied from 0.08 (without wall)
to 0.80 (with wall) having span of 6 ft. and the depth of the
foundation beams were 6 inch in each case. Masonry material of
different strength (ytong block = 171 psi and Hollow concrete
block = 276 psi) was used and found that the rigidity of the
structure depends on the modulus of elasticity of the masonry
materials. He also suggested that the moment arm of composite
wall-beam to be approximately equal to one-half the height.
Composite action 1iIncreases the iInternal moment arm, making
possible a reduction in the quantities of concrete and steel
in the beanm. He recommended that effective exploitation of
the composite action demands high strength of brick work or
the extension of the foundation stanchions over the entire

height of the wall.

Annamalai, Jayaraman and Madhava RaoC% carried out experimental
investigations on ten numbers of lintel-wall specimen having
4 ft. span with different types of beam and wall materials.
The height of the masonry wall above the lintel was Kkept as
eight courses to correspond to the normal height of the wall
above the door and window openings. The thickness of the
reinforced concrete lintel was 3 inch to correspond to a
single course of brick work and the width was 9 1inch to
correspond to the thickness of a one-brick wall. The effect
of compressive strength of brick work on composite action,

vertical stress in wall, bending moment of beam and deflection

15



were determined. They studied the effect of compressive
strength of bricks on composite action by using wire cut
bricks having a compressive strength 2175 psi and chamber
bricks having 1015 psi. Among the two types of bricks wirecut
brick walls are found to have contributed about 50 percent
increase in the composite strength as compared to that of

chamber brick walls.

In 1976 and in 1978, Stafford smith and Riddington(lo. 1 hpalyzed
the wall-beam problems considering beam on elastic foundation
with varying values of the structural parameters by the Tfinite
element method of stress analysis. They proposed a non
dimensional parameter R which is the relative stiffness of the
wall to the beam to derive approximate expressions for the
bending moment and the axial Tforce in the beam, and also the

maximum stresses iIn the wall which 1iIs shown 1in Fig.2.4.

The proposed relative stiffness 1is given by:-
R = (E. t L3fEblb)s; where E, = Modulus of elasticity of wall;

t = thickness of wall; L = span length; Ebly = flexural

rigidity of beam.

The parameter R does not contain the variable "h" since it was

considered that the ratio of hfL was equal to 0.66 and this

was representative of walls for hfL greater than 0.66.

16
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Fig.2 .4 Maximctil . Bending Moments and Tie Force in Beam (smith
& R1 mgtons (10)

Davis and Ahmed(!2.1J,)#¥roduced two parameters one of them 1is

relative flexural stiffness parameter given by:

H = (EwthJ/E"Il»114nd the other is axial stiffness parameter
given by where Ew = Modulus of elasticity
of wall; t = thickness of wall; h = height of wall;

17



E, = Modulus of elasticity of beam; I, = Second moment of

Area of beam (Moment of inertia) ;. A = Cross-sectional
area of beam. These suggested formulae for approximate
calculation of the vertical stresses in the wall, the axial

force in the beam, the maximumshear stress along the wall-
beam interface, the distribution of bending moment in the beam
and the central def lection in the beam using the fini te
element approach. Two assumptions were made by Davis and

Ahmed(12,13.12he first one is the vertical stress  distribution

is related to the value of R; This distribution could be
linear, parabolic or cubic as shown in Fig.2.5.
Fig.2.5 Vertical stress Distribution (Davies and Ahmed) (14)
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The second assumption 1is that the axial force in the beam is
assumed to vary from zero at the supports to a maximum value

at the center shown 1iIn Fig.2.11.

In 1969, Colbourne(!.Drepresented the wall and the beam by a
lattice analogy assuming the system elastic. The analogy is
used to derive equilibrium equations to find stresses in the
wall and stress resultants 1iIn the beam. The method has been
made on the basis of a computer program, for which it is only
necessary to provide geometric data, wall and beam elastic

constants and load data.

Kamal ,<16)carried out a parametr ic study based on elastic
analysis by finite element method with different height to
span ratios, sizes of beams, stiffness parameter, modular
ratios. Particular emphasis given to the study were the
variation of shear stress, vertical stress, and bending moment

in the beam.

Gu Yisun et. al."” Developed formulae for design of composite
wall-beam structure using Tfinite element method and prepared

a computer program to carry out an elastic analysis.

Green D. RIS developed equations Tor composite wall-beam
structure with height to width ratio greater than 1.5 and

without openings. The equations were developed from a

19



parametric study using Tfinite element technique considering
beam on elastic foundation. The analysis of the wall-beam
structure and the approximate force action is shown 1in

Figs. 2.6 and 2.7.

Ramesh et al,(l~investigated the behavior of composite action
between a brick panel wall or external facade wall in
reinforced concrete framed structure, and the supporting
concrete beam. The results of the study show that tensile

connectors have to be provided between the wall and the beam,
and that it is possible to effect a saving of about 20 percent
in the steel 1T a composite deep beam design is adopted 1In

place of the current semi-empirical approach to the problem.

Govindan and Santha KumarO~ tested fTour brick in filled beams
and one reinforced concrete conventional beam. They Tound
that the behavior of the infilled beam is similar to that of
solid beam at low-loads before cracking. The stiffness of the

solid beam and infilled beam are same before cracking.

RiviereO=) the practice of composite construction of block wall
and reinforced concrete beam in Mauritius has been
illustrated. He found that economy achieved so far 1In using

composite construction in the order to 20 to 25 percent.
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Fig.2.6 Wall-Beam as Beam on Elastic Foundations (Green)(l~

the resultant compression
in the'"arch

fo)]
1

=

N

lc--1 Lc = contact length

shear force T = 4T/L

=
<

PE

Fig.2.7 Approximate Force action in a wall beam (Green)p~
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Sundara Rao(22)described the development and use of composite

brick masonry reinforced concrete load-bearing walls with thin

ribbed 1iIn-situ slabs iIn Tfive storied [low cost residential

buildings. Considerable savings has been reported as compared

with the standard construction due to the adoption of new

design.

2.3 Review on the Design Parameters

The previous investigators suggested various TfTormulae for the

calculation of the maximum bending moment and axial force

developed in the beam. They also suggested formulae for

evaluating the maximum vertical stress in the wall, and shear

stress along the interface of wall and beam based on their

theoretical and experimental study. However, some of them

predicted maximum deflection from their experimental study.

These are critically discussed 1in the Tfollowing section.

2.3.1 Bending Moment of the supporting Beam

Composite wall-beam structure when subjected to vertical

loading, act as tied arch. Because of arch action, vertical

load concentrated near to the supports and horizontal shear

stress develop at the wall beam interface which 1s eccentric

to the axis of beam with respect to beam centroid. This has

the effect of reducing the bending moment in the beam which

would be otherwise expected if the total Iload was uniformly

distributed over the span.

22



Wood~ suggested that the maximum bending moment of beam be
taken as WL/100 for plain walls or walls with door or window

openings occurring at midspan and WL/50 for wall with door or

window  opening occurring near the supports based on

experimental work, where W = total uniformly distributed load;

L = effective span length. He also 1introduced a moment arm

based on elastic analysis of homogeneous deep walls of 0.67

times the depth of wall with the limit of 0.7 times the span

for simply supported deep wall. He did not consider the

modulus of elasticity of materials which 1is very important

factor of composite wall-beam structure found by Annamalai

"et.al"~ and Rosenhaupt™M from experiment. G. Annamalai “et.
al"~ found that the above moment coefficient vary from 1/30

to 1/50 instead of 1/100. Stafford smith and Riddington(l10)

proposed a Tformula for estimating the maximum beam bending

moment of support ing beam as [WL/4] [11 (EtLs1ED) u3 It is to
be noted that when this expression is simplified as

[wW/4] hi (EwtlE (1) wLit becomes independent of span.

Davis and Ahmed(14der ived equations for maximum bending moment

as [WLr-2WwD @©: - yK)] | [4 1 + (3Rr)].

They considered three cases according to the magnitude of the

stiffness parameter R, which are as follows--
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Case-1. Rs - 5 Stiff beam: r = 0.2 and A= 0.25

M max""= (WL - 10 WD(ex - )"K)] /51 + /3Rf)

Case-2. b5< Rf < 7 Tlexible beam; r = 0.25 and A = 0.33

M max™"= (WL- 8WD(ex - )*K) (1 + )Ryl / (5.33 (1 + Ry

Case-3. R > 7 very Tlexible beam; r = 0.33 and A 0.50

M max*"= (WL-6 Wd (ex- )*K)]17/ (6(1 + B3Ry

Where W = Applied uniform distributed load on wall; d = depth

of beam; and ex, /3 , ) coefficients depending on h/L ratio.

Kamal(IM in his study found that maximum moment occurs at a

distance of about 1/15th the span from the support. The

distribution of beam moments are shown in Fig.2.8. He also

found that the maximum moment 1is dependent on the depth of

bottom beam provided other parameters are constant_He

concluded that the stiffer the beam, the more 1is bending

moment developed in the beam shown in Fig.2.9.

He found that the maximum moment iIn the case of distributed

and concentrated load is in close agreement with each other.

This is possibly due to the depth of wall (H/L>0. 6) which

provides enough area for the dispersion of concentrated Iload

through the wall. However, he suggested that both vertical

and interface shear stresses be considered for computation of

moment as shown in Fig. 2.10.
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vertical stress distribution
(distribution shown 1iIn fig.2.~3)

" resultant of vertical stress

shear stress
""-"-,(distribution shown in fig.2.14)

[
|
|
)

\

point of maximum moment

Fig.2.10 stresses Contributing Moment (Kamal) ae

2.3.2 The Axial Force 1in the Beam
Composite wall-beam of H/L greater than 0.60 when subjected to

vertical loading act as tied arch. The bottom beam acts as a

tie. According to WoodO", tensile force in the beam may be
calculated as T = 3 WL/16h; where W = total uniform
distributed load; L = Span length, h = Total height, of

composite beam. This value 1is "equal to T = W/3.4 as suggested
by Stafford Smith and Riddington(llQassuming H/L = 0.60. This
iIs in very good agreement with Wood s value. Annamalai
‘et. al' « determined the tensile force jn the beam

experimentally and compared with the value calculated from the
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empirical formula T W/3.4 and found good correlation.
According to Davis and Ahmed the axial force 1in the bea™n
varies from zero at the support and maximum at the center,

variation being linear as shown 1In Fig.2.11.

Tml(X

Fig-2.11 Assumed Tensile Force Distribution (Ahmed and
Davies) w

This 1is in very good agreement with Kamaln~. According to
Davis and Ahmed maximum axial Torce developed in the beam

Is given by T = w @ -"K) where o: - are coefficients
obtained from prescribed graphs. Mathematical expression of
maximum tensile Tforce as suggested by Kamal®) is equal to T =

W/3.7 where W = Applied load. It is also revealed from his
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study that upto a certain distance of about L/8 from

support, the magnitude is directly proportional

to

distance from either support, then the curve flattens

gradually. The rate of flattening 1is found to depend

value of HL or R, as shown in Fig. 2.12.

30
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2.3.3 Maximum Vertical stress in the Wall

It has already been recognized by the investigators of this
subject that superimposed vertical loads on the wall of
composite wall-beam structure are not transmitted vertically
down to the beam below but are carried towards the support
points by arching action as shown iIn Fig.2.1. The nature of
distribution, method of calculation and magnitude of this
stress one different as suggested by different investigators.
For example, Wood and simms suggested that the vertical

stresses in the vicinity of the supports form a rectangular

stress block (Fig.2.2) and is equal to 12.5 W/L per unit

width.(10) Where W = Total uniform distributed load; L =
effecti ve span length. Whereas Davis and Ahmed,l14)ssumed that

the vertical stress distribution along the contact surface is
mainly governed by relative flexural stiffness parameters, R.’
(Fig.2.5 ). This distribution could be linear, parabolic or

cubic depending on the value of "R,". According to them

maximum vertical stress 1is equal to [ W/Lt] (@ + (BR) where
(3= is a co-efficient obtained from prescribed curve. The
pattern of vertical load distribution of nearly parabolic

nature is also found. RosenhauptMm in his experimental study:

Stafford Smith and Reddington(l~ suggested that the maximum
vertical stress in the wall 1is 1.63 W/Lt] (EWth/Eblb).zs

where W=Total uniformly distributed load, E, = Modulus of

Elasticity of wall, ~ = Modulus of Elasticity of beam;

Ib = Moment of inertia of beam and L = Effective span length.
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According to kamal(IMvertical stress is maximum over the sup-

ports and then the values decreases sharply Tfor higher values

of R{ (Relative stiffness parameter of Davis & Ahmed) and

decrease gradually for lower values of R{along the length of
the beam. (Fig-2.1J).
12
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.j“:‘.l
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>
0
0

distance from support (mm)

Fig-2.13 Distribution. of Vertical stress Along the Length of
Beam (Kamal) o
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2.3.4 Maximum Shear Stress Along the Interface

composite action can not be achieved unless there is
sufficient bond between the wall and the beam to allow for the
development of the required shearing forces. The large
compressive stresses near the supports result in large
frictional forces along the interface, and it has been shown
that i1f the depth / span ratio of the wall is greater than
0.6, then the frictional Tforces developed are sufficient to
supply the required shear capacity. KamalNe found in his study
that shear stresses at supports are quit"e high and these
values increase sharply attaining the peak at L/15 from the
support and then decrease very slowly for uniform distributed

load (Fig. 2.14).

nm s

- 10

0S

300 400
distance in mm -
Fig-2.14 Shear Stress Along Interface (KamalTn.
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He also found that the maximum 'shear stress  caused
concentrated load is always ,higher than the shear stress
caused by equivalent distributed load (Fig. 2.15).
200
4\
VAR o- conCerltrqted load
v \ « -.distr ibuted load
160 1 \\
t 6 \\
&
, 120 ~, 0'1L KN/mm
UIUI
Q |
5 \q >
" 050 " l::::
|- 1
gj , 600 mm
—~ <>'-
Y040 erl0
e --0O... ---O
0
0 50 100 150 300 30
distance in mm
Fig.2.15 comparison of Shear stress for Different Type of

Loading (Kamal)O.
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The stiffer the beam, the more 1is the distribution of shear
stress along the Interface. However, Davis and Ahmed(14)
proposed a formula for calculating maximum shear stress along
the interface which 1is given by

Tn = We< - I'K) (1 + {3Rp / Lt; where T = maximum shear
stress, o<, {3 1" are coefficient may be obtained from

prescribed graphs and R is relative flexural stiffness.

Green(18)also emphasized that for Tfull composite action to
develop between the wall and its supporting beam, the shear

strength at beam-wall interface should be adequate to transfer

the shear stress as a result of the arch action. ™ = 4T/L
where T = shear stress, T = maximum tensile force in the
beam.

2.35 Maximum Deflection
Deflection of composite beam is found to be very less than the

supporting beam if the total load is uniformly distributed

over the span of beam. Annamalai et.alW found that actual

midspan deflection at service loads are about span/1485 for
specimen made with wirecut bricks having compressive strength

of 2175 psi and about span/2380 fTor special chamber bricks

having compressive strength of 1015 psi. H/L ratio of test

specimen was about 0.60 having a span of 4 fFt. The load
deflection behavior indicates that the failure takes place by

crushing of masonry walls rather than by flexure. Burhouse m
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found experimentally, the maximum deflection of composite beam
(H/L = 0.33) as span/840 at failure load. He tested 4 more
beams having H/L ratio 0.58 to 0.83 of span 12 ft. and found
that the deflection was proportional to the load and less than
span/840. Rosenhauft™ found experimentally the load-

deflection pattern of composite wall-beam and shown 1in
Fig-2.15. The deflection of beam sofit at mid span under load
2kg/sqg.cm  were found 0.25mm, 0.43mm, 0.52mm and 0.85mm
respecti vely for composite wall-beam having H/L ratio 0.8,

0.53, 0.45 and 0.29.

load
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30
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E 2'0 —
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N —_—
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L
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Fig.2.16 Load Deflection Curve for Different H/L ratio
-(Rosenhauft) (o
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2.4 Properties of Brick Masonry

The satisfactory performance of brick masonry depends upon the
strength characteristics namely compressive strength, tensile
strength and shear strength. Since the present iInvestigation
deals with the 1load bearing masonry, the deformation
characteristics and the compressive strength under vertical

compression 1is of prime importance.

2.4.1 compressive strength of Masonry

The compressive strength of masonry 1is an important parameter
in the design of load bearing masonry structures. Under
uniform load brick masonry fails due to vertical splitting.
The essential mechanism of failure, which has been accepted is
that the mortar 1is always weaker than the masonry units and it
tends to be squeezed. This movement of mortar is restrained
by the bricks which are then subjected to Ilateral tensile
stress. The i1mportant Tfactors influencing brick masonry
strength are strength and geometry of brick unit, the strength
of mortar, the joint thickness, the suction of the units and
the water retention of morta~ and the bonding pattern of brick

work and the standard of workmanship. e

Most overseas codes have provision TfTor determining brick
masonry strength either from an approximate relationship
between brick strength, mortar type and brick masonry strength

or from compression test on stack bonded prisms. Based on a

35



large number of tests on brick masonry and individual bricks

ratio of wall compression strength to brick
the

the appropriate

compression strength 1is found to vary from 0.2 to 0.4,

lower values referring to the lower strength mortar and the

higher value to the high strength mortar. (24)hen a more exact

estimate of compressive strength 1is required a prism test Iis

done, as this nature of tests include the effects described

L Also the failure mode of the bricks 1in the prism is

similar to that in the wall(2.\).

2.4.2. Other Properties of Brick Masonry

value for other properties such as, tensile,

modulus of rigidity as per

The allowable
shear, modulus of elasticity,

Building Code requirements for masonry.

in Table 2.1.(26)

American National

ANSI A41.1 and A41. 2 has been tabulated

2.5. grég%g and Diagonal Tension in Reinforced Brick Masonry

Shear and diagonal tension in reinforced brick masonry beams

has been discussed considering beams without and with shear

reinforcement in the following articles:

2.5.1. Beams Without Shear Reinforcement

Resul ts of tests of fifty seven RBM beams without shear

reinforcement developed by five research investigations were

reviewed and analyzed by SCPI1(27)to determine allowable
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shearing stresses 1in the 1969 SCPl standard for REM beams

without shear reinforcement.

The minimum shearing strengths of REM beams without shear

reinforcement:

v 3000pVd
= 1.5+ - 2.1

bd v, .

This formula was then divided by a factor of 3.0 to obtain the

following design formula for computing allowable shear

stresses (but not to exceed 50 psi);

1000pVd
Vo, = 0.5 vf | +
m 2.2
M

The allowable shear stresses based on the above Tformula were

computed for each beam and compared to the ultimate shearing

stresses. With the exceptions of the beams having unfavorable

brick bonding pattern already discussed, the ratios of

ultimate to allowable shear stress were 2.1 and above.

2.5.2. With Shear Reinforcement

Withey, Schnaider(28)Ich,and SCPl tested a total of twenty four

REM beams with varying amounts of shear reinforcement. The

results of these tests were analyzed by SCPla~ to investigate

the strength of web reinforced REM beams. Allowable shear
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stresses permitted in the masonry without shear reinforcement

and allowable shear stresses based on the area of stirrups

provided were computed and compared with the ultimate shear

stresses obtained 1In these beam tests. The ratio of ultimate

shear stress to allowable shear stress (based on stirrups

provided) varied from 2.1 to 4.4 in eight of the ten beams

which failed 1iIn diagonal tension. This ratio was less than

2.0 In the two other beams (belonging to Withey) which were

reported to have been built with. poor workmanship. In three

of these beams flexural bars were terminated in the tension

zone. Nevertheless, the ratio varied from 2.4 to 3.1 even

though they did not contain additional stirrups as required by

ACl Code.

2.6. Reinforced Concrete Deep Beams
Some concrete members have depth much greater than normal, iIn

relation to their span, while the thickness in the

perpendicular direction is much smaller than either span or

depth. The main loads and reactions act in the plane of the

member, and a state of plane stress 1iIn the concrete is

approximated. Members of this type are called deep beams.

They can be defined as beams having a ratio of span to depth

LjD of about 5 or less or having a shear span a less than

about twice the depth. 93031321
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Table 2.1 Allowable stresses in Reinforced and Non-Reinforced
Brick Masonry(26)

Description Symbol Non Reinforced
Reinforced
Without ity
inspection inspection
I. Compressive, | |
axial .
fin 0.20 t™m 0.20 fp, 0.20 -
a. Walls
hit = 10 or less
hit = 25
LIt 0.16 T 0.16 T 0.20 f"
—b—Ccotamh
2. Compressive,
flexural
a. Walls 0.32 f™m 0.32 f*m" 0.33 7
L
b. Column 0.26 f'm 0.26 [m
3. Tensile flexural
a. Normal to bed
joints
M Or S mortar f, 24 36
N mortar f, 19 28
b. Parallel +to bed
joints
M Or S mortar 48 72
N—ortar— 37 56
4. Shear 50 psi
beam with
M or S mortar Vin 0.51.F¥f~ 1 40 0.51 f~ 1+t 80 no web
reinforce-
ment
0.51.rf~ " 28 0.51 f,—" 56 150 psi
N mortar beam with
no web
—— ———[ reinteree——
ment
5. Modulus of Em 1000 f~ * 1000 £~ 1000 Ty
elasticity 2000,000 psi 3000,000 psi
Modulus of 400 f—' I 400 Ty -
rigicity E, 8000,000 psi 1,2000,000 400 Ty

psi
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Because of their proportions, they are likely to have strength
controlled by shear. On the other hand, their shear strength
is likely to be significantly greater than predicted by the
usual equations, because of a special capacity to redistribute
internal forces before TfTailure, and to develop mechanisms of
force transfer quite different from beams of  common

proportions.

In very deep beams, with span-depth ratios smaller than about
2, strains and stresses are no longer proportional to the
distance from the neutral axis, even at low Iloads in the
uncracked, elastic state. For this reason the Tflexural
behavior of such beams, at low as well as high loads, 1is so
different from that of ordinary beams that the normal strength
design methods no longer apply. Because of their great depth,
flexural strength itself rarezly governs. It is important,
however, to provide enough Tflexural reinforcement to prevent
development of excessive tension cracks. Otherwise,
appearance at service loads would be affected and the
excessively long and wide cracks would also reduce the shear

and bearing strength of the deep beam.
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2.6.1 Code Provisions fTor Design of Reinforced Concrete Deep
Beams

According to the ACI Code, special provisions for shear are to

be applied to beams for which L/D is less than 5 and which are

loaded at the top or compression Tface. IT loads are applied

at the sides or bottom of a member, design provision for

ordinary beams apply.

The critical section for shear is to be taken a distance O0.15L
from the fTace of supports for uniformly distributed loads and
O0.5a for beams with concentrated loads, but not to exceed a
distance d from the support face 1In either case. Shear
reinforcement required by calculation or other Code provisions
at the critical section is to be used throughout the span.
For deep beams, the concrete contribution to shear strength
can be computed from

v, = (3.5-2.5 M"/V,,d)(1.9 -If",+ 2500pV"d/M,,)bd < 6 -I1f",
with the restrictions that the multiplier (3.5-2.5 M"/V,,dnust
not exceed 2.5 and that V, must not be taken greater than

6-1f",bd.

The ACI code also provides that the minimum horizontal and
vertical reinforcement distributed over the entire length and
depth of the beam for control cracking and prevent the

development of excessively wide and widely spaced cracks.
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CHAPTER 3

LABORATORY INVESTIGATION

3.1 Introduction

An experimental program was designed to determine the behavior
of wall-beam structure. Accordingly 9 wall-beams and 3
reinforced concrete beams have been made and tested iIn the
laboratory. Since the wall-beam structure 1is a composite of
brick masonry wall and reinforced concrete beam, the
properties of bricks, cement mortar, mild steel bars have been
tested to representative qualities. A Detail description of

various 1iInvestigations carried out are given here.

3.2 Experimental Scheme

The 1investigations in the laboratory were conducted 1in 3
phases. The Tfirst phase was concerned with general tests to
determine the physical properties of the constituent materials
viz. brick, cement, sand, coarse aggregate and reinforcing
steel. Compressive strength of mortar, brick masonry -~risms

and concrete cylinder have also been done 1iIn this phase.

The second phase consisted of fabrication and casting of test
specimens. This included cutting, bending and binding of mild
steel bars to form the reinforcement cages, Tfabrication of
steel and wooden form work, casting of reinforced concrete

beam and laying of brick masonry wall on top of reinforced
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concrete beams along with standard concrete cylinders and
brick masonry prisms. The test specimens (Wall-beam),
concrete cylinder and brick masonry prisms have been cured for

28 days.

Twelve test beams were Tabricated 1into four groups according
to their H/L ratio, type of bond used 1in brickwork and
presence of web reinforcement 1in brick work. The test beams
of these four groups are designated as Group A through 0 and
are shown in Figs. 3.1 to 3.4. GroUp A comprised of running
bonded composite wall-beams whereas Group C and Group Bare
stack bonded composite wall-beams with or without vertical
reinforcement in the wall. Group O included simple reinforced
concrete beams, 1identical to the bottom beam of composite
wall-beam. In each group of composite wall-beam there are
three beams having different H/L ratio. In group O there are
also three beams having identical section but different spans

to match with the spans of composite wall-beams.

In the third phase all test beams were monotonically loaded

without shock to failure and the relevant behavior of interest

have been carefully observed and recorded.
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3.3 properties of Brick

;The clay burned bricks, used for all aspects of this
investigation were procured from a Qlocal semi-automatic
manufacturing plant. All bricks were from the same batch and
stored 1n the laboratory till they were used 1iIn the
preparation of the test specimeq,l Physical properties of
bricks viz. size, weight, water absorption and crushing
strength have been investigated according to ASTM designation

C 67-77(33).The findings are illustrated below.

3.3.1 Size

;%he nominal size of clay burnt brick used iIn this experiment
was 9.5 In. X 4.5 in. X 2.75 in. For determination of actual
size of brick, twelve bricks randomly collected from the stack
of bricks i1n the laboratory procured for this purpose have
been measured. The mean length, width and thickness have been
found to be '.54 1iIn., 4.58 1iIn. and 2.73 1In. respectively.
Mean observations along with standard deviation and the

coefficient of variation are given in Table 3.1~

3.3.2 Weight

The bricks were dried at temperature 110° to 115 C iIn a
ventilated oven for at least 24 hours or more until two
consecutive weights taken at half an hour interval yielded
almost 1identical values. Twelve bricks have been dried

accordingly and the weight was measured. The average dry
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weight of the bricks have been found to be 7.64 Ibs. The
standard deviation and coefficient of variation are furnished

in Table 3.1.

3.3.3 Water Absorption

Twelve bricks have been collected randomly from the stack in
the laboratory fTor determination of water absorption of bricks
used in this exper iment as per ASTM standard(33). The oven dry
bricks were cooled and 1i1mmersed iIn water for twenty Tour
hours. The bricks were then weighed 1in a saturated surface
dry condition to determine the water absorption of bricks.

Mean water absorption have been found to be 14.7%.

3.3.4 compressive strength

Compressive strength of brick 1is an important property which
has been traditionally used for brick quality as well as a
parameter to define strength characteristics. The standard

compression test involves loading the specimen between solid

steel platen of the compression testing machine. For typical
brick dimension this causes significant artificial
strengthening due to aspect ratio effects. To obtain true

compressive strength, the effect of platen should be accounted
for. However for determination of compressive strength of
brick the standard test method ASTM C67(33lave been Tollowed.
For the test, twelve bricks were selected at random from the

stack. Each brick was divided into two halves with the help
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of cutting saw. One half of the brick was taken and neat
cement paste was used on both faces to fill the frog mark and
surface flaws. Thin sulfur capping was used on both the
surfaces on top of neat cement finish. Accurate level of the
capped surfaces was maintained using spirit level. Test was
performed in the compression testing machine of the concrete
laboratory. Test load was applied at a rate of 15 tons per
minute. All the specimens failed by crushing. The mean
compressive strength have been found to be 3195 psi with a

coefficient of variation of 21.8 percent. (Table 3.1).

3.3.5 Tensile strength

Tensile strength of brick is of great importance in defining
the behavior of brick masonry as final failures originating iIn
the brick are due to some form of biaxlal tension developed
in 1t. Direct tensile strength test are difficult to perform

on brittle materials.

The indirect tensile strength of a homogeneous prism as
suggested by Thomas and a:. Leary(34ps a more convenient
alternative to the use of cylinders can be obtained by the
equation T = 0.648P/dL where P = applied load, d = equivalent
diameter, and L = length. This equation was verified by
Alio~ and the stress distribution pattern 1is shown 1in
Fig.3.5(b). The test was modeled using a two dimensional

linear elastic plane stress finite element analysis. A very
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fine mesh was provided near the loading point. The load was
applied through a steel strip whose width was 10% of the width

of the specimen as shown 1in Fig. 3.5(a)-

A total of 12 randomly selected dry bricks from the stack were
tested. The load was applied through a steel plate 0.45 in.
wide and 0.2 in. high. The plate width was therefore 10% of
the width of the specimen. The load was applied at a rate of
2 Tons per minute. Failure occurred by vertical splitting
directly beneath the loading plate. The mean tensile strength

have been furnished 1i1n Table 3.1.

Table 3.1 Physical properties of Brick

Physical
properties statistical standard cov
mean of 12 deviation
specimen in (%)
Length 9.53 0.10 1.04
Size in
inches Width 4.58 0.10 2.18
Thickness 2.74 0.08 2.93
Wertght 1n IDbS. 7.59 0.08 1.05
Water absorption 14 .97 1.53 9.50
ANC %)
Crushing strength 3195 669 21.8
in psi
Indirect tensile 130 14.5 11.0

strength in psi

Note: COV = coefficient of varience
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3.4  properties of Cement

Cement in 1ts broadest term means any substance which acts as
a binding agent for materials. Cement is used as binding
material iIn concrete and mortar. “Theproperties of concrete
or mortar largely depend upon the quality of cement used. So
the test of quality of cement iIs of utmost importance. The
quality of cement can be tested 1i1n the laboratory by
determining -

i) Normal consistency

11) Setting time.

11i1) Compressive strength

1v) Tensile strength

V) Unit weight and specific gravity.

Twenty bags ordinary portland cement were collected from the
university (BUET) store for this study. out of these samples,
3 bags were chosen randomly and the samples were arbitrarily
designated as 1, 2 and 3. Respective ASTM standard test
procedureso~ were followed to determine the above mentioned

properties of cement.

3.4.1 Normal consistency

Determination of normal consistency of cement means the

determination of amount of water required to prepare cemerit
pastes for other tests. It is the amount of water when the 10

mm diameter Standard Plunger settles to a point 10 f 1 mm
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below the original surface of cement paste in 30 seconds after
being released. This tests has been performed as per ASTM

designation C 187-8300 and the result 1is given 1in Table 3.2.

3.4.2 Time of setting

The principal aim of this test 1is to make a distinction
between normal and quick setting cement and also detect the
degree of deterioration in cement due to storage. Test
specimen for determination of time of setting has been
prepared with cement and water required for normal
consistency. Both 1initial and final setting time have been
determined by vicat needle as per ASTM designation C 191-82.00
Initial time of setting is the time required to penetrate 25
mm by a 1 mm diameter needle and when the collar encircling
the needle does not leave any iImpression on the cement paste
determines the fTinal time of setting. The results of setting

time tests have been given 1in Table 3.2.

3.4.3 Compressive strength

The main object of this test is to study the quality of
cement about 1i1ts compressive strength. Compressive strength
of cement 1is determined by crushing standard cubes made of
cement sand mortar. Test specimen (2 in. cube cement mortar)
have been prepared with one part of cement to 2.75 parts of
graded standard sand (ottowa sand) by weight. Amount of water

used to prepare the mix Is such that a water-cement vratio of
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0.485 1is maintained. Preparation of the test specimen and
also the tests have been performed as per ASTM designation C
109-80(36). Test results of this investigation have been given

in Table 3.2.

3.4.4 Tensile strength

The tensile strength of cement 1iIs estimated by determining the
tensile strength of cement sand mortar. Determination of the
tensile strength of cement mortars employing the briquette
specimens were done as per ASTM designation C 190-82(33). Test
specimens Tfor tensile strength of cement have been prepared
with one part of cement to 3 parts of standard sand (ottowa
sand) by weight. Preparation of test specimens and also the
tests have been carried out as per ASTM standard. The

results are given in Table 3.2.

3.5 Properties of Aggregate
Depending upon theilr size, the aggregates are classified as-

i) Coarse aggregate, and 11) Fine aggregate.

3.5.1 Coarse Aggregate

Crushed hard stone and gravel are the common materials used as
coarse aggregate. But in this investigation manually crushed
first class bricks were used as the coarse aggregate for

concrete. The brick chips passing through 3/4 in. sieve and
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retained on NO4 sieve were stored separately for use.
Gradation, Ffineness modulus, water absorption, unit weight and
Bulk specific gravity of the coarse Aggregates have been

determined as per ASTM standard “and shown in Tables 3.3 and

3.4.
Fable—3-2 Physical—Proeperties—oF—Cement
Physical properties Sample-1 Sample-2 Sample-3
Normal consigtency 22% 21% 22%
Initial 2 hr. 30 mine. 2 hr. 31 mins 2 hr. 30 mins
setting time
Final 3 hr. 45 mins. 3 hr. 43 mins 3 hr._ 46 mins
Average com-| 3 days 1292 1305 1280
pressive curing
strength
7_days 1729 1746 1702
curing
28 days 2563 2588 2523
curing
3 days 103 105 106
curing
Tensile
strength 7 days 140 145 140
cuTing
28 days 205 215 210
curing

3.5.2 Fine Aggregate
Sand 1s commonly used as fine aggregate. Oordinary Sylhet
sand p~ssing NO4 sieve were used as fTine aggregate in this

experiment. Gradation, fineness modulus, water absorption
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specific gravity and unit weight were determined as per ASTM

recommendations and given in Tables 3.3 and 3.4.

Table 3.3 Gradation of Aggregates

sieve Q“muj_a-_tjﬁ_pgmﬁn_tm‘cantinpd for
size

Coarse aggre Fine _aggre Combined aggre

© ® (C:F=2:1)

1 0 0 0
3/4"dia 0 0 0
3/8"dia 62.5 0 42 .84
No. 4 95.0 0 65.12
No. 8 100.0 2.08 69.20
No. 16 100.0 12.88 72.60
No. 30 100.0 52 .36 85.02
No. 50 100.0 91.40 97.30
No. 100 1666 97-70 98.28
FiDeTess 6.58 2.56 5.31

3.6 Properties of Reinforcement (M.S. Bar)
Mild steel plain rods of 3/8 inch and 1/4 inch nomina 1
diameter were used as the main flexural and web reinforcement

respectively. The rods procured from the 1local market were
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slightly undersized and the actual area of these rods were
used for computations. The rods were tested as per ASTM
standard specification A 615 - 84a(37Xo determine the yield
strength, ultimate tensile strength, percent elongation and
modulus of elasticity. Test results on the mechanical

properties of the reinforcements are given in Table 3.5.

Table 3.4 Physical Properties of Aggregates

Phrystead—property Coarse—aguregate Eine _aggregale
Brick—chips) CSythet—sand)
Fineness modulus 6.58 2.56
Unit weight (loose) 76.00 83.00
Unit weiraht fo¥, Ml aYa PPN
b U= - UU IJ4 .UV

(SSD,—Compacted)

BulTk speciTiC gravity 2.05 2.44

Absorption in % of 8.74 2.97
ary welgiht

3.6.1 vyield strength of M.S. Bar

Yield strength is the stress level in a material, less than
the maximum obtainable stress at which significant increase in
strain occurs without any appreciable increase iIn stress.
Yield strength is intended for application only for materials
like mild steel that exhibit the unique characteristic of

yielding. Yield stress has been determined by dividing the
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load at yielding by the original cross-sectional area of the

specimen. Test results are given in Table 3.5.

3.6.2 Tensile strength
The tensile strength of M.S. rod was determined by dividing
the maximum @load the specimen sustained during a tension test

by the original cross-sectional area of the specimen.

3.6.3 Elongation

The percent elongation is the increase in length of the gage
length at failure, expressed as a percentage of the original
gage length. The fractured specimen were Fitted together
carefully and the distance between gage marks were measured
for gage lengths of 2 in. and 8 in. Test results are given in

Table 3.5.

3.6.4 Modulus of Elasticity

The Modulus of Elasticity of mild steel was not determined in
the laboratory. Because the variation of modulus of
elasticity 1is very negligible for mild steel. It is assumed

as 29 x 108 psi.

3.7 Properties of Masonry Prism
The most iImportant property of the masonry prisms are its
compressive strength. The standard procedure for determining

this is described below.
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Table 3.5 Physical properties of Mild Steel Reinforcement

Specimen Actual Yield Ultimate % elongation
Number
tHametet area Strength——Strenght in
@n.) _(in.» (Psi) (Psi)

2" G.L S"G.L.

A. 3/8" inch nominal diameter M.S. bar.

1 0.355 0.098 45,918 62,245 43:. 29.5
2 0357 6160 747,000 61,000 47 Z8.5
3 0.351 0.096 45,833 62,500 43. 28.5.
Average 0.354 0.098 45,250 61,915 42 .66 28.83"

B. 1/4 inch nominal diameter M.S. bar.

1 0.2516 0.0497 42,640 74,420 32.00"° =

2 0.2547 0.0510 43 137 73,405 33 _0Q-"

3 0.2526 0.050 43,100 74,000 30.00" -
, Average 0.2526 0.05 43,100 74,000 32.00- -

3.7.1 compressive strength

For determining the compressive strength of masonry . brick
prisms are built at the job site with the same materials and
workmanship that is to be used or being used in a particular
structure. The specimens are short compression prisms. The
thickness of prisms shall be the same as the thickness of the
unit of the wall in the structure. The height to thickness
ratio of prism shall neither be less than two nor more than
five. The mortar joints shall be 10 mm thick and the mortar

spread over full bed comprising each solid masonry unit and
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allow no Tfurrowing of the mortar bed. The Ilength of prisms
shall ,beequal to or greater than the thickness of prism. The
height of prism shall be at Ileast twice the thickness
containing at least two mortar joints and be a minimum of 380
mm (15 in.). six brick prism specimens with 5 brick high (15
in.) and single Wyeth have been prepared and tested in Ffirst
phase of investigation that is before fabrication of wall-beam
structure. The result of these six specimens have been

tabulated 1i1n Table 3.6 and marked as Group PI.

In the second phase three brick prisms in each group have been
built at the time of construction of wall-beam structures with
the same materials and workmanship. The prisms have been
grouped as Group P2, P3, P4 corresponding to test beams of
Groups A, B, C respectively. These prisms have been tested
during the test of wall-beam structure after proper curing.
The results have been tabulated in Table 3.6. Fabrication of
masonry prisms and test were performed as per ASTM designation

E447-84(38).
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Table 3.6 ("nmprncci\ln ernngfh of Brick Prism

Specimen Number of Mean strength Standard Coefficient of
group specimen in psi deviation variation
tested TR IJD;

At first visible crack

P-1 6 866 90.36 10.90%
P-2 3 850 90.25 10.60%
P-3 3 830 87.50 10.54%
P-4 3 895 8936 9798%

At Ultimate stage

P-1 6 1099 145.48 13.24%
pP-2 3 1050 140.00 13.33%
P-3 3 1066 153.00 14.35%
P-4 3 1038 135.00 13.00%

The average ultimate compressive strength of brick prism (film)
Is found to be 1066 psi. The compressive strength of brick
prism (f*m) according to the American standard will be 0.9 x
filmwhich 1s equivalent to 959 psi. The ratio of compressive

strength of brick prism to individual brick 1is found to be
0.30 from Table 3.1 and 3.6 which IS in between the
approximate ratio from 0.20 to 0.4. . The testing

arrangement for prism is shown in Fig. 3.6.
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1/8 inch ball-seated upper platen
ply wood-

cement mortar capping

Fig.3.6 Testing Arrangement for Prism

3.8 Properties of cement mortar

The cement mortar used throughout the investigation was 1:4
(cement:sand) by volume. All mix components were stored in
the laboratory for the duration of the testing program. The

variation of bulk density in materials were eliminated by

weighing measured volume of fresh materials and thereafter

batching by weight. The cement used in this investigation was
"Assam Bengal™ and the sand was "Sylhet" sand. The properties
of cement and sand were determined according to appropriate
ASTM  standards and are listed in Table 3.2 and 3.4
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respectively. The compressive and tensile strength of cement
mortar have also been determined iIn a way which is described

here.

3.8.1 Compressive strength

standard test for compressive strength of cement mortar was
performed in order to check the quality control of test
specimens adopted In this 1investigation. The compressive
strength of mortar has been determined from uniaxial
compression test of 2 inch mortar cube prepared and tested

according to ASTM C 109(36).

Initially, six 2 In. mortar cubes were prepared using cement
and sand designated for use 1In the main test series.
Compressive strength have been determined after curing for 28
days and are designated as Group MC-1. Three 2 in. cement
mortar cubes were prepared during the construction of wall-
beam structures of each Groups A, B, and C. These are
designated as Group MC-2,MC-3, and MC-4 respectively.
Average compressive strength of cement mortar for different

groups have been shown in Table 3.7.

3.8.2 Tensile strength
Tensile failure of masonry can occur either as a tensile bond
failure at the brick-mortar interface, or as a tensile failure

in the constituent materials. However, the second type of
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failure i1s more common in stack bonded prism. The tensile
strength of mortar has been determined by making mortar
briquette. six briquettes designated as Group MT-1 1in the
first phase were prepared. In the second phase three
briquettes accompanying the construction of wall-beam
structures of Group A, B, and C have been prepared. These
were grouped as Group MT-2, MT-3 and MT-4. Test results have

been given in Table 3.7.

3.9 properties of Concrete

The compressive strength (Ff,"),Modullus of Elasticity (E,)and
modulus of rupture (f,)are the most important properties of
concrete relating to this study. The compressive strength of
concrete has been determined in the laboratory as per ASTM
standard. The other two properties were not determined
experimentally in the laboratory rather the values were

estimated using empirical relations as suggested by ACr.

The mix proportion of cement, sand and coarse aggregate in
concrete used iIn this study were 1:2:4 by volume. Vssam
Bengal"™ brand ordinary portland cement type-1 was used
throughout the test programe crushed brick aggregates and
sand were used as coarse and fine aggregate 1in concrete
respectively. Water cement ratio of the mix was 0.45 and
slump of 1.5 iIn. was recorded. The physical properties of

aggregate are tabulated in Tables 3.3 and 3.4.
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Table 3.7 stre~gth of Cement Mortar

Specimen Number  of Mean Standard Coefficient of
group spectmen strengtn aeviation variation
tested in psi

Compressive strength

MC-1 6 1048 psi 93.90 8.96
MC-2 3 1065 psi 85.30 8.00
MC-3 3 1090 psi 92.53 8.49
MC-4 3 1010 psi 90.35 8.95

Tensile strength

MT-1 6 135 psi 10.48 7.76
MT-2 3 143 psi 6.36 4.44
MT-3 3 140 psi 7.80 5.57
MT-4 3 137 psi 9.50 6.93

Me = Mortar in Compression.
MT = Mortar in Tension.

3.9.1 Compressive strength

During the casting of bottom reinforced concrete beam of
composite wall-beam structure, three concrete cylinders were
cast as per ASTM standard with the same batch of concrete for
determination of compressive strength. The cylinders were
tested after 28 days curing and the test results are tabulated

in the Table 3.8.

3.9.2 MOdulus of Elasticity (Eo!

It is the slope of the initial straight portion of the stress-
strain curve of concrete. ACI code suggested empirical
equation for E, by correlating the Weight {Wol and the

compressive strength of Concrete (f,"). Modulus of elasticity
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of concrete E, is assumed as 57000 "If,"as suggested by ACI for

normal concrete with ~ equal to 145 Pcf.g~

J[able 3.8| Compressive strength of con+rete

Test Proportion of w;C ratio Compo AV _Comp.
Spectmen Mix—by —~votume strengtn strength
Number in Psi in Psi

1 1:2:4 0.45 2200

2 1:2:4 0.45 1950 2050
J 1:2:4 0.45 2000

Note: compo = compressive

3.9.3 Modullus of Rupture

The computed flexural tensile stress at which a test beam of
plain concrete fractures, termed as modulus of rupture T,.
Better correlation is established between the modulus of
rupture and the square root of compressive strength. The
approximate range of modulus of rupture 1is 8 to 12 "If,". In
this expression, compressive strength F," is expressed in psi
units and the resulting modulus of rupture is obtained 1In psi.
In this study we assume the value of modulus of rupture ¥, as

10"IF,",the average value of the approximate range.
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3.10 Workmanship

To maintain the uniform and satisfactory workmanship in brick
masonry works and reinforced concrete beam casting,
experienced masons and helpers were engaged who were not
changed during the entire construction phase. Workmanship has
considerable influence over the strength of brick work(24.39,40>.
So special instructions were given to them to fill the mortar
joints completely to maintain uniform and specified mortar bed
thickness and not to attempt any correction of mistake 1in
brick Blaying after the mortar had set. It may be mentioned
here that the workmanship of the employed masons were found

reasonably uniform and satisfactory.

3.11 The Test Specimens (Beams)

In total 12 beams were cast. The beams were divided into four
Groups as A, 8, C, and D. Each group consisted of 3 beams.
In Group A, 8, C, brick masonry wall were supported over
reinforced concrete beam and are called composite wall-beam.
Whereas, group D was reinforced concrete beams without brick
wall. The size and reinforcement of reinforced concrete beams
were same in all the groups. Three different effective spans
were used 1In each group. Group A was the running bonded
composite wall-beam, whereas Group-C and 8, were the stack
bonded composite wall-beam with or without vertical
reinforcement in the wall respectively. The width of brick

wall and supporting beams were 4.5 in. and 5 in. respectively

68



for all the three groups. The depth of reinforced concrete
beams were 6 in. over which 7 layer of bricks were layed and
3 in. concrete were cast on top of brick wall. The total
height (H) of composite beams were 2 TFTt. 6 in. Three
effective spans (L) of the beams were 5 ft. 5 in., 3 ft. 9
in. and 2 ft. 11 in. whereas the total Ilength were 5 ft. 10
in., 4 ft. 2 in. and 3 ft. 4 Iin. Hence, H/L ratio wer~ 0.46,
0.67 and 0.86 respectively for the 3 different effective spans
Jjust mentioned. Identification and physical dimensions of

test beams has been shown iIn Table 3.9.

3.11.1 Fabrication

Preparing the steel mould, cutting and binding of mild steel
rods, casting of reinforced concrete beam, laying bricks on
reinforced concrete beam and curing were all included in
fabrication of test beams. Steel mould of 5 in.x 6 In. X 5
ft. 10 in. was fTabricated and the length of mould could be
varied from 5 ft. 10 in. to3 ft. 4 in. by shifting the end
plate at appropriate locations with the help of nut and bolts.
The longitudinal and web reinforcement have been fabricated as
per design. The total longitudinal reinforcement of
supporting beams were Tfour 3/8 in. dia mild steel rods placed
one at each corner. The stirrups were 1/4 in. dia mild steel
wire spaced at 6 inch intervals. Vertical reinforcement 1in
brick wall of Group C were 1/4 in. dia mild steel wire placed

at each wvertical. joint and two 1/4 in. horizontal
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reinforcement used as hanger for the vertical steel was

placed within top 3 iInch concrete.

Table 3.9 ldentification and Physical Dimensions of Test

N R B ]
Gr. Description Beam Total Total EfF. wall
No. of beams No. ht.i/c depth span thick. H/L
RC of RC of ratio
pbeam beam heam
(H) (D) w ®
Running
bonded A, 27-6" 6" 5°-5" 45" 0.46
masonry wall
A Wi1_:h0ut web A, 2"-5" 6" 3"-9" 4.5 0.67
reinforcement
i watt—over A, 25 G 27-11" 4.5" 0.86
RC~ beam
Stack bonded 8, 2" -6"" 6" 57-5" 4.5 0.46
masonry wall
8 without web 8, 27-6" 6" 3"-9" 4_5" 0.67
reinforcement
mthe wall 8, ZT-6" 6" 2"-11" 4.5" 0.86
over—RC—beam
Stack bonded C, 2°-6" 6" 5~-5n 45" 0.46
masonry wall
C with web C, 2"-6" 6" 37-9" 4.5 0.67
l_reinforcement
-:: .,thinw?,::: T, 2 -0 O Z —-11 4.5 0.86
Reinforcement D, 0"-6" 6" 5°-5" 4.5" 0.092
concrete beam
D without wall D, 0"-6" 6" 37-9" 45" 0.133
over it
o, 0"=6 3 VAR 15" 0.171

After fabrication and placing of mild steel bar on the mould
maintaining proper clear cover in all sides, concrete were
poured iIn the mould as per design proportion and compaction
was done by a vibrator. Jyst after casting of reinforced

concrete beam, one layer of brick was layed on top of
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reinforced concrete beam to get higher interface bond between
beam and brickwork. These were embedded 1i1n to the concrete
beam by about 1/2 in. to 3/4 in. by gentle hammering. It may
be mentioned here that half bricks required 1iIn the work were
obtained by cutting whole size bricks into two equal halves
with electrically operated cutting saw. Bricks were i1mmersed

in water for about 30 minutes before they were layed.

The cement to sand proportion of mortar was 1:4 by volume.
Water cement ratio was strictly maintained at Tfixed value
both for concrete and mortar preparation throughout the
investigation. Photographs of composite wall-beams are shown

in Fig.3.7.

Three brick prisms were cast along with -test specimen each
group but only three concrete cylinders were cast for the
whole lot using of the same materials wused iIn the test

specimen.
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Fig.3.7 composite Wall-Beam Before Test
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3.11.2 Testing of Beams

Testing of beams were carried out in the structure

laboratory, of the Department of civil Engineering, BUET.

Arrangement of Testing Machine

The Tacilities of testing machine has been slightly modified

for accommodating the test specimens. The size of platform

and load transfer device of the machine could not accommodate

the beam of span 5 ft. 10 in. Therefore, these facilities has

been accomplished by attaching heavy steel I-joist both to the

base platform and the load transfer end as shown iIn Fig.J.l12.

As a result, the effective gap between the two ends of the

machine was reduced. This restricted the maximum permissible

height of composite wall-beam structure to 2 ft. 6 1in.

Carrying, Hoisting and Placing of Beam

The test beams were constructed at the concrete laboratory of

the department of Civil Engineering, BUET, Dhaka. Beams were

carried to the testing machine by trolley and then hoisted by

chain pulley arrangement (Fig.J.8) on the testing platform.

The hoisting tripod and the chain pulley systems have been

designed and Tfabricated specially for this investigation.

The beam was placed at one end on the steel joist over a

number of steel round bar placed on top of the joist. The

beam was then rolled in and placed at appropriate location by

pushing it as shown 1in Fig.J.g.
