SHEAR RESI STANCE OF REI NFORCED CONCRETE BEAM
A CASE OF WELDED W RE MESH AS STI RRUPS

By

NNYAGU, Emmanuel Chi nweuba
B. ENG Cl VI L) ASUTECH

A thesis submtted to the Post-graduate School,
Ahmadu Bell o University, Zaria, in partial
fulfilment of the requirenents for the degree of
M Sc. CGvil Engineering Construction Materials
in the Departnment of Civil Engineering,

Faculty of Engi neering, Ahmadu Bello University,

Zaria, Nigeria.

July, 1989

(1)



DECLARATION

I hereby declare that this thesis has been
prepared by me and that it is a record of my
own research work. It has not been presented in

any previous application for a higher degree.

All quotations are indicated and sources of
information are particularly acknowledged by

means of references.

NNYAGU, Emmanuel Chinweuba

July, 1989.

(ii)



CERTIFICATION

This thesis entitled:

SHEAR RESISTANCE OF REINFORCED CONCRETE BEAM;

A CASE OF WELDED WIRE MESH AS STIRRUPS by

NNYAGU, Emmanuel Chinweuba meets the regulation

governing the award of the degree of M,5¢., Civil

Engineering Construction Materials of Ahmadu Bello

University, Zaria and is approved for its

contribution to knowledge and literary presentation.

LA B O B B O B N B B B B BN BB B

Mrs Urszula Nytko
Chairman, Supervisory Committee

® % & 8 8 8 & 8 F 0 8RR s R s

Prof. A. 0., Abatan
Member, Supervisory Committee

Prof. A. O, Abatan
Head of Department

.........-

e School

Dean, Postgra

(iii)

Datetceaias inae

Date:...----....

Date:-...-..-

Date -'_'?'.—:3:: ?O



DEDICATION

This thesis is dedicated to my mother,
brothers and sisters for their moral and

financial buttress over the period.

(iv)



ACKNOWLEDGEMENTS

I remain indebted to my Supervisor
Mrs Urszula Nytko whose magnificient advice and
superlative guidance is hereby acknowledged.
My thanks and acknowledgement also goes to the
Head of Department, Professor A.0. Abatan for
his fatherly advice and expert contributions which

lead to the successful execution of this work,

Not left in the acknowledgement are all the
workers in the Concrete Laboratory ably lead by
Mr. A.R.0. Bello. Their help during the practical
aspect of this work was colossal and remain

unparalled.

Furthermore, my immense thanks énd gratitude
goes to my friends who contributed in no small
way to the execution of this work. Particularly,
I remain grateful to Mr. Nath Mendu and Engr.

Bright Akpomie for their deep concern and help.

Finally, I must not fail to express my
profound and unreserved thanks to my brothers and
sisters for their support and assistance over the
years. In particular the huge financial support
given by Mr. Chukwunweogor Nnyagu and
Mrs B.E. Okoye is hereby specially and highly

acknowledged.

(v)



ABSTRACT

The ordinary U-stirrups have always been
used especially in beans as web reinforcement
in most modern construction. As a probable
substitute, here wire wesh of 3mm di aneter is used
to reinforce beans in shear. The investigation
thus involves testing of beams reinforced in shear
separately with the ordinary U-stirrups and with
wire mesh. The beams are all the same with the
only difference being in the web reinforcement.
Apart from the mesh being easier to fabricate,
the analysis of the results obtained shows that
beam with the ordinary U-stirrups recorded nore
strains in the concrete than those with wire mesh.
Mor eover, crack control is better in the beans
with mesh as their formation and propagation was
more gradual |eading to a gradual failure of the
beams. However, it is recommended that a basic
formular for calculating the theoritical shear
resi stance of beanms involving mesh be deviced to
include the influence of the horizontal menbers

of the mesh on the shear resistance.
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' CHAPTER ONE

oA i INTRODUCTION o o Lo
_;.1 _' BACKGROUND INFORMATION

It has been the practice that in the design of
concrete structures, an adequate margin of safety must be

provided againat any mode of failure that might occur under

the forces that act upon the structure during its lifetime,
One general type of failure that must be prevented is

the shear failure, Thie is a fzilure under combined

shearing forces and bending moment plus occaslonally. toraion

and is characterised by smell deflections and lack of -

ductility, In beams they exist where there is a change in
bending moment alcong the length of the member, The shear
force itself being equal to the rate of change of bending
roment. Shear fallures generally raduce the strength

of structural elements below the flexural capacity and
considerably reduce the durability of the elements.
Especiglly for the later reason, shear failures are

generally considered undesirable.

Shear faillures of beams are usually cheracterised
by the occurence of inclined cracks, In some cases,
inclined cracking is immediately followed by member fallures
and in cother cases, the inclined cracks stabilise and
substaotielly more shear furce may be applied before

the member fails. Usually the formations of inclined
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cracks in the web of a reinforced concrete beam changes the
beam into a highly complex structural member in which loadse
are carried to the supports by an action similar in many respect
to that of a truss. In this action the stirrups act as the
tensile members of the truss while the concrete between the
cracks act as the inclined compressive struts. This, of
course, is the classical conception of the behaviour of a beanm
having inclined cracks, but, althrough a great simplification
of complex mechanism, it is sufficiently accurate to form a
basis of an understanding of the problem. The conception
suggests that there are two possible sources of primary shear
failure: either the stirrups may cause failure, e.g. by
reaching their yield stress or the concrete between the cracks
may crush owing to the inclined compressive stress. This
thesis is however concerned with the failure due to the type
of stirrups and studies mainly the shear resistance of beam with
welded wire mesh as web reinforcement, comparing it at the

same time with the use of ordinary conventional U-stirrups.

Here effort was geared towards examining the strains
in the concrete, the crack development and pattern as well as
the deflection of the beam as the load increase progresses.
This gives room for effective comparison between the two

types of shear reinforcement.

The arrangement for investigating shear failure is as

shown in Fig. 1.1 below, It has the advantage of combining
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two different test conditions namely pure bending, that

iz bending without shear force as present between the

two losds, P, and then constant shear force in the two

end sections.

PaN _ AN

Fig. 1,1 : Arrangement for Ipnvestigating Shear Fallure,

Sincé.the beams will be glender, their behaviour
will bé geame 83 the behaviour of a slender besn subjectéd
to a gradually increaging load with the first crack
appearing long before the allowable load is reached.
These cracks gre usually nasrrow, Under further loading,
the cracks increase both in wildth and length indicating
that the area of the compressive zone decreases. Thies
effect 18 especially viepible when the stress in the

eteel reaches and exceeds the yield point stress.

In the ensuring teats however, care will be
exercised to kéep the shear span constant throughout.
This vividly sffords a clear basis for comparison since
the strains in the concrete ag well ac the cracks will

all be measured within the shear span,
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1.2 OBJECTIVE OF THIS REFPORT

In almost all the concrete structures designed and
canstructed in the country today, the web reinforcement has
been the U-type or rectangular stirrup which is either
made of mild steel or high yleld steel as the ¢ase may be.
The cost of these steel in recent time has become alarming,
The main aim of this report thus is to study the shear
resistance of & beam using welded wire mesh as the web
reinforcement and compare it with the use of ordinary

conventional U-stirrups. This comparision - . .~

will . bring to l1ight the one that ofiers better shear

recistance and possibly a better and lasting substitute to

the conventional U-stlrrup,

1.3 SCOPE OF WORK

As mforementicned, this work invelves the testing
of beans reinforced in shear with ordinary U-atirrup and
wlre mesh respectively, The type one sghear
reinforcement ie as shown in Fig, 1.2 and involvea the
oripary U-stirrups. This acts as the hase sample. The second
type Of 'shear reinforcement is as shown in Fig. 1.3 and
involves the use of wire mesh., Fig. 1.3a shows mesh of
3mm diameter and 50mm x 50mm spacing while Fig, 1.3b show;

mesh of 3mm diameter on grid 100mm x 100mm,

-



In the two considerations, the following will be

kept constant;

(1)
(11)

(iii)

(iv)

(v)

Beam dimensions

The main bars

The concrete mix

The magnitude as well as rate of loading

The shear span, a,

Thus, the only variasble will be the shear reinforcement,

While using ordipary U-stirrup in Type one, wire mesh will

be used in Type two. Two sets of wire mesh of same

diameter but different spacing will be used as indicated

in Fig.

1.3. This helps to widen the validity of the

results obtained and further helps to infer whether the

spacing of the mesh has any influence on the result,

J &

Ay 1

S oo
|Onm die ancherqge byy femm dic mdin bar Y Zmm

dia Stvyy pS

Fig,1.2: Type One Shear Reinforcement with U-stirrups.
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(a) Shear reinforcement with 3mm diam mesh on grid
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(b) Shear 1 reinforcement with 3mm dia mesh on grid 100mmxI1O0mm
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o

gridd {00 mm X 16O mm
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Fig. 1.3 Type two shear reinforcement with wire meshx
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2.0 . LITERATURE REVIEW

Shear failure has been reported in -

beams, columns, slabs, brackets and other memberas. In

gereral, each type of member exhibits different modes of

cracking and failure, although the mechanisms by which

shear 1g transferred within the member may be similar,

Reinforceﬁ concrete and prestressed concrete beams
of moderate slenderness (a/d or M/Vy = 2-6) develop
inclined cracks due to the combipation of shear and
flexural stresses. BReams may exhiblt a sumber of different
nodes of ghear failure, the most common being the crushing
or shearing of the compression flange over the incl;ned .
crack which is often accompanied by splitting along-the

tension reinforcement.

Shearing faiiures of deeﬁ beams, brackets and similar
menbers differ considerably from those in normal beans,
This largely due to the much sgteeper 1nclined cracks in
deep menbers. This in turn changes the relative importance
of the various shear transfer mechanisms as compared to kK

normal beems.

Generally, the understanding and knowledge of the
ghear transfer mechanisms in various structural members |

has progressed significantly., In reinforced concrete
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B i
members, shear has been discovered to be transmitted from
one plene to another im various ways.' The behaviour,'

ipncluding the fallure modes depends on the method of shear

transmission. Normally the main types of shear transfer

include;
(a} Shear in the uncracked concrete
[§:)] Interface shear transfer {(usually referred to
as aggregate interlock).
.I((.:) - Dowel action | .
Q) Arch action and
{e) Shear reinforcement

These mechanisms occur to widely varying extents
in varioue types of structural elements, Fig. 2.1 shows

the forceg in a reinforced concrete beam with diagonal

crack, {Journal of Strucural Div. ASCE 1973)

Fig. 2.1 Forces'acting at Inclined Crack.
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The 1longitudinal forces T and C, are related to the
flexural resistance of the member. The forces along the
diagonal tension crack, vax and Vny are due to interface
shear transfer, The Va and Vd forces are the forces in
the stirrups and the dowel shear carried by the longitudinal
steel respectively and ch equals the shear carried by
the compression zone. Thus;

V& = Vs - ch + Vd + Vay
The internal shearing force components at & crack such
as the one shown in Fig. 2.1 are related to the applied

shear in Fig. 2.2,

RS
Q'b > Q
N S
| A~ ¥
\éi © '7?
Vd' V(f’;’m
Ve
o |

s g S u.- o =
Lo P4 ' -—=
SV = J - I S
S ¥ a ¢ S
Ko —=J -

A?Pliad Sheay

Fig. 2.2: Distribution of Internal shears in Beam with
Web reinforcement.
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Prior to flexural cracking all the shear 1g carried by the

uncracked concrete, Between flexural and inclined cracking,

oyl

the external sﬁear is resisted by concrete, ch: the

interface shear transfer, Vay; and by dowel action, Vd.'

Following the formation of inclined cracks, e portion of

the shear is carried by the web relnforcement, V_. When the
shear carried by the web reinforcement can no longer increase
due to its yielding, any additional shear must be carried by

v ; V agnd V . As the inclined cracks widen the interface
cz d ay _ _

shear transfer,.vay, decreases, forcing vd and Vcé to 1ncrease
at an accelerated rate until either splitting (dowel) fallure

occurs or the compression zone fails due to combined shear

and compression,

As evident from the foregoing, shear fallures of beams
is characterised by the occurrence 0£-1nciined cracks., Incliped
cracks in the web of a beam may develop ;1ther before a
flexural crack occurs in their vicinity or as en extension of
a previously developed flexural crack, This first type ot
crack 1is referred to as "weh-shear crack"” (Fig. 2.3a). The
second type is coften identified as a “flexure shear crack"

and the flexural crack causing the inclined crack is referred o

to g8 the "ipitlating flexural crack (Fig.2.3b).

: et

S

. . ‘S ;hr N b
T ) ’ Ar : \ Cﬁ?ﬁ:h‘{ '2 :r«qqc}rilcnﬂ

@) W"'b Shear CvacK . b) fLexuve Shear Crack

Fig. 2.3: Tvypes of Inclined Cracks

[ N
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In addition to the primary cracks, secondary cracks .
often result from splitting forces developed by the deformed
bars when glipbetween concrete and steel reinforcement occurs,

"
or from dowel action forces ip the longitudinal bars transferring
shear across the cracks, The manner in which cracks develop and
- grow and the type of failure that subsequently develops is
gtrongly affected by the relatlve magnltudes of shearing setress,

v, and flexural stress fx' As a first approximation, these

stresees are defined as

_ M
v and fx"’ uz P

vEa bwd _ bd

wheTe D and o, are coefficients depending on several variables

including the goemetry of the beam, the type of lomnding, the ) '

amount and arrangement of reinforcement, the type of steel and
the interaction between steel and concrete, The values V and
M are the shear and moment at a given gection, respectively;

b = width of the flange; bw = the width of the web; and d = the

effective depth of the beam.

Flexure - shear crack of the type shown im Fig.2.3b

form 1n a part of beam already cracked due to flexure, Although |

these cracke are the most common type of crack observed in
xeinforced and prestressed concrete beawms, the mechanism by
which they form is ﬁot yet entirely understood. In a beam
containing flexural cracks, the variation in steel stress
from crack to crack sets up forces on the cantllerer elements

or '"teeth' between the flexural cracks which tend to ceuse
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bending and shearing deflections of the teeth, The

internal mechanism of such a beam nearing flexural failure
may be seen in Fig. 2.4. The formation of flexural cracks
has transformed the reinforced concrete beam into a comb-like
structure: the compression zone of the beam is the

backbone of the comb, while in the tension zone the

"concrete teeth" separated from each other by flexural

cracks, represent the teeth of the comb, As the teeth

deflect prior to inclined cracking, the dowelling forces
and aggregate interlock stresses developed between the
teeth tend to prévent relative deflections of the teeth,
thus delaying, the formation of further cracks. The rate
of propagation of the flexural cracks and the stage at
which the inclined cracks develop in a given beam is &
function of the magnitudes of the flexural and shearing
stresses at the head of the crack. These in turn, are &
function of the M/Vd, the height of the flexural crack

and the amount of shear transferred by interface shear

transfer and dowelling.

Fig.2.4: Mechanism of flexural failure



Tests of rectangular beams carried out by Taylor (1971}

ghowa that appraoximately one third of the total spplied shear “Ff;f

was transfered by the compression zone above flexural cracks
.in the shear spans prior to the formation of inclined cracks.
The balance wasg presumably transfered by interface shear
transfer and dowel action., These measurements suggest that a
significant shear stress exist at the upper ends of flexuyral
cracks in the shear spans. Broms (1864) has shown too that
“'the non-uniform stresses . hetween cracks lesd to secondary
:Bhear stress which are particularly severe near the tep
of flexural cracks in the shegar spans. These secondary stresses.
combined with the stresses necessary to balance the applied
lpads and cause major diagoral principal tensile stresses

at the head of the flexura1 cracks,

-

A number of.experimental investigations have alsc been
cerried out in beams without stirrups to assess the relative
magnitude of forces shown in Fig, 2.1. Achara and Kemp
(1965) show thet only 40% of the total shear on & section
can be carried by the compression zone if the stress
copditions st the head of the crack are to be compatible with
an acceptable faillure criterio#.for cancrete subjected t¢

shear and normal force,

Fenwick apd Paulay (1968), Taylor (1970) and Mattock,
et al (1972), among others carried out tests on interface
shear. Particularly, Gergely (1969) conducted tests in
which interface shear transfer was eliminated by performing

emooth sided cracks in beams. These tests and those of

S S



14

Taylor indicate that_between 33% to 50% of the total force

on a beam may be carried by interface shear transfer, . . . . . .. .

ﬁowevef; the Adl procedure for designing stifrups
sasumes that the shear not carried by concrete after inclined
cracking is resisted hy stirrups or bent bars acting
essentially according to the Truss analegy. This anology
implies that fallure 1s prevented by the transverse
reinforcement steel bars and the compression between the
dilagonal cracks form & truss which resists further loads,

Failure occcurs when the compression diagonals crush under
the comblnation of exial and shear forces. It is thus on

this veln that the AC1 Building Code (1971) requires a minimum
srea of web reipforcement in most members when the shear
strength of beams, vu exceeds half the allowable shear |

carried by concrete v Studles by Bresler and Scordelis in
{1964), Haddalin and Hong (1971) and Hernandex {(1958) bave

shown that a small amount of web reinforcement have
significantly larger effect on shear strength. Infact web
reinforcement has three primary effects on the gtrength of

a bezm namely,

a) It carries part of the ghear, vs.

Bb) It resistricts the growth of diagonal tension
crack width thereby helps in maintaining
interface shear trensfer, Vay

c) It holds the longitudinal bars and increase

their dowel capacity, Vg.
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In addition to these, stirrups nay transfer small
force across the crack by dowel action and tend to enhance

the strength of the compression zohe by contining the

concrete. -

Research work by Kani ané Gé;geiy {1969} show that
isolated stirrups at the bottom of diagonal cracks would
prevent shear fallure in most cases, but of course the
position of the cracks 1s not known in design. However,
their tests indicate that the primary role of web

reinforcements is in the restriction of the width of

diagonal c¢racks,

Tests by Leonhardt and Walther (1964) indicates that
beams with bent up bars as shear reinforcement tended to
have lower shear strength and much wider cracks than

similar be&ms with stirrups for several reesons;

a) they tend to cause longiltudinal crackiﬁg or
crushing at the bend points

h) they do not confine the concrete in the shear
regicen and

) they are less efficient in tying the compression

flange and web together.

Due tc these, the CEB Recommendations (1970) require
the use of vertical stirrups in addition to bent up bars,
This problem is also discussed by Robinson (1865). The

ACl Building Code (1971) also limits the shear that can

be carried by bent bars.

SRR,



It has also been establiphed that major inclined cracks

Irequently develop near the ends of reinforcing bars cut-off

in zone of tension., Adjacent to the cut-off point the stresses
and deformation are decreasing in the cut-off bars and .

increasing in the remaining bars, This, combined with the

eccentric pull in the cut-off bhars lead to a state of high
shearing and diasgonal tensile stresses in the vicinity of the
cut-off, Baron (1986) has showntthat changes in the moment

arm in this reglon lead to increase shears in the cut off

gone. Also tests by Fergusion and Matlooh (1259), Baron

{1965), Scordelis and Bresler (1964) show that;

(a) Cut off bars in the tension zone will lower the

shear strength of beams

(h) Closely spaced stirrups in the cut off zone will

prevent premature failure.

Some tests were also carried out to determine the
effect of spacing and bar size on the shear strength of beams,
In the tests carried out im Stutggart (1965), welded wire mesh

was employed, The principal conclusions of this test were;

a) Mats of 50mm by 100mm spacing of stirrups

bars were best with respect teoe crack width

and compresses stresses in the web,

b) An equivalent yield strength of 420Nmm™ 2

can be used for leoad factor design,
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The commentary to the AC1 Building Code (1971) provides

similar anchorage details for welded wire mesh stirrups.

In some cases, it is convenient to use pairs of
U-shaped stirrups lapped in the web of the beam to form a
rectangular stirrup. In such a stirrup, the lap occurs in
a region of diagonal cracking. The tests on this type of
stirrup carried out by Hanson and Hulsbos (19271) shows
that the capacities of the stirrups are a function of the
lap length, stirrup diameter and cover. Allen and Huggifi.
(1964) suggested that a lapped stirrup will have the same
capacity as a rectangular stirrup if the lap is long

enough to develop the yield strength of the stirrup bars,

Generally, the foregoing review work have been

confined to the shear theory and the various web reinforcements

in concrete beams and the development of shears with

the use of any particular web reinforcement. Comparison
work (mainly between the ordinary U-stirrup and wire mesh)
has not been done possibly to determine the one that offers
greater shear resistance at the same loads. Both the
U-stirrups and wire mesh are all web reinforcement materials
as we know, A comparison of the shear resistance of each
of them under the same load is therefore possible. Of

course, this work provides a forum for such a comparison.



CHAPTER THREE

3.0 EXPERIMENTAL PREPARATIONS AND TESTING ":iﬁ”““”f““~“-f'*"

This deals with the experimental investigations which
covers the materials preparatlions as well as the testing

itself.
3.1 MATERIALS

The materials referred here includes aggregates,

cement, water and the relnforcements,

2.1.1 Aggregates

The aggregétea_used for this investigation comprised
Fosrse and fine aggregates. The coarse aggregate used
was got from a batch of crushed rock {gravel}. Due to the
congested nature of the reinforcements and to facilitate
effective compaction, aggregates with s maximum nominal
size of 15mm were used, Care was taken to eliminste silt
from the cosarese aggrates by sieving them out, but at the

same time making sure that the very fine stones were not

elininated since an sll-in-aggregate was required,

The fine agpgregates were also sieved to eliminate

those portions with nominal size more than 4.76mm.

In all, bofh the coarse and fine aggregertes were
eieved and stored separately in a dry cubicle within the
concrete laboratory. This was done sp as to afford them
time to dry since being a bit wet will sffect the already

calculated water-cement ration.

]



3.1.2 CEMENT

~--= The cement used in this investigation was allocally

made ordinary portland cement., They were gtored in a dry
environment also within the concrete laboratory sc that

the qualities would remain intact. Owing to the fact that.
cube strength tests would ke carried out, there thus became

no need to carry out separate quality tests on the cement. -

3.1.3  WATER | o .

The water used here was tap water available in the
laboratory. Naturally the water has been treated in the

station and was consequently free Irom dirt and other

contaminations.

3.1.4 REINFCRCEMENT

The main bars were all 16mm diameter bigh yield bars
while those used for the ordinary U-stirrup were mild steel

barg of Smm diameter. Both the 50mm x 50mm 2nd 100mm x

100mm mesh were all 3mm in diameter., However, test carried

out Iater indicated that the tensile strength of that on

grid 100mm x 100mm wes greater than thet of 50mm x 50mm,

To check the characteristic strepgth used in calculation,
all the reinforcement were subjected to tensile tests, For
each particular reinforcement, three specimen of 500mm long

were cut and tested to fallure, The universal testing

machine was used to this purpose. The tensile strengih

and ultimate strength for each bar were got from the
viaeld load and ultimate failure load obeerved from this

teat. The tabulated results are as shown heTow.
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Table 3.1 Results of the tensile strength of both

the 16mm & 8mm diameter a bars

Nominal Effective Yield Yield Uitigate Ul;imate
&S - oa Iress

N g{\g{§onal Load Straes (kN) (N -2

dia(mm) A oR (mm2) (kN) (Nmm“z) Smm )

16 201 84.5 420.1 114.0 567 .2

16 201 84.0 417.6 110.0 547.3

16 201 81.0 403.0 110.0 547 .3

8 50 15.5 310.0 22.5 450.0

8 50 15.2 304.0 22.1 442.0

8 50 14.9 298.0 22.1 442.0
Average Yield Stress (Nmm™?)

16 413.5
8 304.0
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Table 3.2: RESULTS OF THE TENSILE STRENGTH OF WIRE
MESH

FOR MESH ON GRID 50mm x 50mm

Nominal Effective Yield Yield Ultimate Ultimate
. .rof:_ Load Siress Load Siress

3 ec io'nalz ( ’J . _2 (kN) (N -2)

din(am) Area (mm<) (KN (Nmm™<) e

3 7 2.5 357 .1 4.5 642.9
3 g 2.5 i 3 a4 5«2 742.9
3 7 3.0 428.6 5.3 757 .1

Average Yield Stress = 380.9Nmm-2

FOR MESH ON GRID 100mm x 100mm

3 7 12 1714.3 13.4 1914.3

3 7 10.2 1457.1 16.4 234279

3 7 12.5 1785.7 13.1 1871.4
2

Average Yield Stress = 1652.4Nmm"
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3.2 DETAILS OF SPECIMEN

The beam section chosen for this tegt lieszs within the

range of a normal beam, Incldentally at the time of preperation

for thig test such a formwork of dimensionsg 2750 x 160 x 275 mm
was available in the laboretory. Consequently, this was

chosen as the section dimensions and used for all the beams

cast.

The various bar sizes necessary for the specimens were
reasured and cut to the required lengths. The wire mesh which
hitherto was still in sheet were then cut to the size of the
beam and welded properly to the main bars., The other shear

links were s8lso cut into thelr respective shapes.

There were six beaws in all, Two of which heve the Bmm
diameter 1link, another two have wire mesh of SOmm x 50mm grid
as shear reinforcement while the rest two have wire mesh of
100mn x 100mm grid as the shear reinforcement. This was s0 in

order to widen the validity of the results,

Thus, the various reinforcement cages for these six

beams were assembled and kept ready for casting.

3.3 DESIGN OF THE TEST SPECIMEN REINFORCEMENT

The design of the reinforcement was done to CP110.

3

[ESSS—— T i e e o e
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The dimensions of the section 1s 2750 x 160 x 275 mm3
TR U 76 avedid fallure due to bending since failure due to

pure shear 1s required, a sghear span of 500mm at each end of

the beam was chosen. This is as shown in Fig, 3.1 below.
Issol,q=5oo o 1#-Bo __a= oo H:E’Io

A W E

Fig. 3.1 Arrangement ghowing the shear span.

The concrete cover used in this investigation was 20mm, and

the mein bars were of 16mnm dia.

Thus, the effective depth, d = 275 - 20 - 8

247mm,

Shear Span/Effective depth= %%% = 2,02

This ensures that there will be shear fallure within the

Shear Span. _ ' '}
3.3.1 DESIGN OF MAIN BARS

In the design of the maip bars, the following were used;

1

Concrete cover = 20mm

Characteristic yieltd stress of steel, fy = 410Nmm—2 i

Characteristic concrete strength, fcu = SONmmuz
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To compute the maximum moment of resistance of the section,
Mu we make use of Equation 2 of CP11i0,

2 L :
1.6 M =015 ¢  bd as L

From equ. 1 therefore,

M, = 0.15 x 30 x 160 x (247)2 x 10~

= 43,5kNnm,

Asguming a maximum force of 60kN each applied at points M and N
as P in Fig, 3.1, then both the shear force and bending moment

diagrams appear as shown in Fig. 3.2,

&0
+
5
=I~3
{a) Shear Force Diagram
) A0
»

(b) Bending Moment diagraw

Fig. 3.2: Diagrams of Shear force and Bending Moment,
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From Fig. 3.2,
the shear torce = SOkN
and bending moment = 30kNm

But from equ. (1}, Mu = 43 ,9kNm

Therefore beam will not fail by crushing of concrete.

Using a special case of Equ. 1 (CP110) with Z = %ﬂ

weé haye

M = (0.87 £ ) A 3.d
u ¥y s

T 404 \ (2)

This is to ensure the use of sufficient steel so that

the beam will be sble to resist a bending moment equal to

N .
u

Re-arranging this, we have

A = Mu x 4

8 LI . (3)

0.87 £ 34
¥

30 x 106 x 4
D.87 x 410 x 3 x 247

= 454.00mm2

Use 3 - 16mm diameter = G03mm> ( € = 1.53%)
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" 160 ”
S
Z— {6m @
E] C;crve;g_=:21()nnﬂ
S\
y|o e @

Fig. 3.3 Section showing the main bars

3.3.2 DESIGN OF SHEAR REINFORCEMENT,

(a) Design of the ordinary conventional U-Stirrups.

From the shear force diagranm, V = 60kN.
100A, 100 x 603 g
bd 160 x 247 :
From table 5 (CP110), using 2 concrete grade, of 30Nnmf‘2

VC = 0080
Also from Table 6 CP110

Voax = 4.10N_ =2
Using Equ. 8 (CP110),

c (4)

o)<

-
J

-

Substituting in equ. 4 above
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3 :
60 x 10 . I 2
160x247 B = - 1.52Nam

0.80 < 1.52 <« 4,10

Thus, since the shear stress, v, calculated from Equation 4

above is preater than the ultimete shear stress in concrete,

but less than the maximum stress, v then shear

Vo! max'

reinforcement will be provided.

Agssuming 8mm diameter links, Aav = 101mm2 for 2 legs and
£ = 250 Nmm 2’
yv

Rearranging Equ. 9 (CP110), we have

A x 0.87
8 = EV A

" B(v = v,)

Substituting in Eqn. 5 above, we have;

101 x 0.87 x 250
160 (1.52 - 0.80)

101 x 0.87 x 250
160 x 0.72

190 ,69mm

I

Use 8um dismeter lipks @ 190mm piteh,

In order to facilitate proper anchorage of the reinforcement,

2 - 10mm gjgpeter achorage bars were provided at the top of

the’ beams, The arrangement ig as shown in Fig, 3.4,

LI LI | (5)
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fF {Omm dia anchoyage bar
Bam dia otiveup

| 3_'16011\0 dia Main bars
4{% Cover = 2 Omm

Fig. 3.4: Section showing the arrangement of links
and main bars.

b) 1In case of the wire mesh, no actual design was done
for them. This is due mainly to the nature of mesh since
they are tiny and already formed into a grid. What was

done was to cut them out from the sheet to the size of
the beam and then properly welded to the main bars and
anchorage bars as shown in the pictorial view evident

in Fig, %.3.

3.4 'CALCULATION OF THE THEORETICAL SHEAR RESISTANCES
OF THE BEAMS

Generally for a beam containing tension
reinforcement as well as vertical links, the shear

resistance is given by:

Total resistance Vg " = Vconcrete - Vlinks
l.e. Ve = Vg ¢ Vs .o .o o (6)
But VC = vcbd and

Equation (6) becomes
P
VR=vcbd+§.A - Tyv « 7
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(&) = POR THE BEAMS WITH ORDINARY U-STIRRUPS (i.e. BM3
100&5 - 100 x 603 = 1.53
- 4
vy 160 x 247

From Table 5(CP110) with concrete grade of 30, then

But from calculation using Equ. 5, Sv = 190mm

Also Agy = 101nn° and £ = 304Nmm 2
yv

Thus, from Equ. 7, we have that

247 304

vR = {0.8 x 160 x 247) ~+ ( 190 x 101 x ETEB)

31616 + 34708.9 = 66324,9N

Shear resistance, VR = 66,3kN,

b} FOR THE BEAMS WITH MESH

In the caleulation of the theoretical shear resistance of
the beams with mesh as web reinforcement, only the vertical members

of the mesh 1s considered here. This 1is hecause there is nec

laid down formular involving also the horizontal member of the

mesh., Thus, here the horizontsl distance between the vertical

members is taken as the spacing of the links.
(i) FOR  THE BEAMS-WITH MESH ON GRID 50 x50mm (ie BM1 .and BM2)

Diameter of mesh = 3mm

= 14,
‘av for 2 legs 4,13mm
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-2
Eere also, Sv = 50mm and fyv = 380,8Nmm _

From Egqu, (7) we have;

247 380,9
31616 + (50 x 14,13 x 115 )

q
It

[}

31616 + 23119,7

f

54735.7N

Shear resistance, VR = 54,7kN,

11) FOR THE BEAMS WITH MESH ON GRID 100x 100mm
(ie BM5 and BM6) '

Diameter of mesh = Jmm

A for 2 legs = 14.13mm2
sV

But § = 100mm and £ =~ 1652.4 e
v _ ¥V

Substituting in Equ. 7, we have

247 1652 .4
VR 31616 + ( 100 ¥ 14.13 x 1'15)

i

31618 + 50148.3

|

81764 ,3N
: I

Shear registance, VR = 81.8kN

3.5 CONCRETE MIX

_.....j;.'_

In this investigation, a standard normal mix of 1:2:4
was chosen. This is expected to achieve the required concrete

strength of 30Nmmf2, and 1s generally used in all normal

constructions,
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3.5.1 CALCULATION OF VARIQUS QUANTITIES FOR EACH BEAM

With tﬁis mix, the various quantities (cement, sand and
stone) fer each beam was celculated to ascertain thelr magnitude
Bo as to avoid waste. Furthermore, for eezie¢r penetration
and proper workability since m congested reinforcement especially
in the beame with wire mesh is envisaged, a water-cement
ratio of 0.6 wag adopted., This will be ensured by carrying

out some slump snd compacting factor tests during the casting.

CALCULATION

S8ince the beam dimension isg 2750 x 160 x 275
Volume ¢f beam = 2750 x 160 x 27

= 0.12m3

\
In each bean, fiye cubes and three cylinders will be cast to

deternine the concrete strength at 28 days.

4 5 x 150 x 150 x 150

Vol. of § cubes

0.01m3

Vol. of 3 cylinders = 3 x 5 x (75)2 x 300

0.02m3

it

Total Vol, = 0.15m3

Allow for bulk and waste 25%

* = .25

-iao x G.15

= 0.04m3
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Overall vol, = 0,15 + 0,04

= 0.1933

Since the mix proportion is 1:2:4, then,

0.18

B x 1

Vol. of cement =

0.027m3

n

Vol, of sand =0.19
7

n
o
o
o
s
B

Vol, of stone = 0,19
—————

3
= 0.,109m
But the densities of cement, sand and stone are given as

3100kgn >, 2650kgm - and 2650kgm - respectively.

wt, of cement = 0,027 x 3100 = 83.7kg

wt. of sand 0.054 x 2650 = 143.1kg
wt, of stone = 0,109 x 2650 = 2B8B.85kg
Since a w/c of 0.6 is to be adopted,

wt of water = 83.7 x 0.6 = 50,22kg

Summarily, the quantities are,

Cement = 83.7kg
sand = 143,1kg
stone = 288.85 kg
water = 50,22kg



3.6 CASTING OF THE SPECIMENS

Generally six beams were cast in all. Two of
which represent one with the ordinary U-stirrup, the other
two represent the one with wire mesh on grid SOmmx50mm
while the remaining two represents the one with wire mesh
on grid 100mm x 100mm. Each beam was cast with six cubes

and three cylinders. In all only a beam and the

corresponding cylinders and cubes were cast io & day. This

is because only one formwork was available at the time

of casting.

Each casting starts by cleaning the formwork and the
moulds properly with mould oil s8¢ as to unenable the
sticking of concrete to the walls of the formwork. The
reinforcement cape was then placed in the formwork making
sure that the reguired concrete cover is maintained,
Thereafter, the formwork and the three cylinders and
gix cubes were placed on the vibrating table in order to
ensure an even distribution of the concrete mass and

consequently effect a sound wvibration,

Owing to the fact that the volume of the mixing
drum is less than the volume of each beam, the mixing and
batching of each was done in three stages. The
ageregntes and cement were first weighed on the weighing
balence. This wés then transferred to the mixing machine
-fog dry-mixing by an open rotating drum driven by an

electric motor. The needed quantity of water was then,
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weighed and added. The mixing then continued until a

uniform mix was got., Each mass of the uniformly mixed 'ﬂm.
concrete was then placed in the formwork and cubes and

cylinders making sure there is en even distribution each

time. The pouring of each concrete batch was followed by
the vibration of the mass by setting the vibration table
on for about a minute, This affords adequate compaction,

thereby reducing the air volds.

The speclmens were cast in this order;

(i) BM.1 representing the firet beam with mesh on grid

SO0mm x 50mm

{ii) BM. 2 representing the second beam with mesh on

grid 50mm x 50mm,

(iii) BM.3 representing the first beam with ordinary

U-stirrup.

(iv) BM.4 representing the second beam with ordinary

U-sgtirrup.

(v) BM.5 representing the first beam with mesh on pgrid

100mm x 100mm,

{vi) BM.6 representing the second beam with mesh on grid

100mm x 160mm.

It must be neted thet some slump tests and compacting
factor tests were carried out during the casting of the

speciﬁens to ascertain the workabillity and coapaction of the

mix, The resulte are shown below,
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TEST 1: CARRIED OUT DURING THE CASTING OF BM.1

The slump obtained was 110mm

Compacting factor equals 0,96

TEST 2: CARRIED OUT DURING THE CASTING OF BM,3

The results obtained were;
Slump = 105mm

Compacting factor = 0,96

TEST 3: CARRIED OUT DURING THE CASTING OF BM, 6
The tests also gave the following result;

Slump = 110mm

Compacting factor = 0.96

These tests carried out show that the concrete has a high
degree of workability and consequently suits the congested

reinforcement especially for the beams with wire mesh.

3.7 METHOD OF CURING

Each specimen after casting was left in the mould for
a day before the forms were removed. The specimen was then
transferred to the curing room within the concrete laboratory.
All the test specimens and the accompanying cubes and

cylinders were cured under the same condition. This is to
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facilitate uniform curing and ensure that properties
obtained from the cubes were typically representative of
the concrete of the specimen., This curing was achieved by
spraying water on the specimen two times a day for 28

days, The curing was a surface curing.

3..8 PREPARATION OF THE BEAMS FOR TESTING

After curing the specimens for 28 days, they were
brought out from the curing room and carefully painted
with white paint, This was done so that the crack
appearance and propagation will easily be seen and

monitored.

Since straing gauges were not available at the
time of execution of this work, griding of the shear
spans was then done. This was done so that extensometer
would be used to determine the strains in concrete within
the shear spans. The griding was done taking the base
of the extensometer into consideration and at the same
time making sure that the envisaged lines of major cracks
were covered.A '! i_nches.base extensometer was used

here. Demec points were then placed at the various

points of the grid using glue to fix them rigidly
to the concrete. The griding on both the left and right

side of the beams is as shown in fig. 3.5.
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'LEF"i‘.oFGE&MV S g RIGHT oF BEAM

o

6| 5] #| 3{ 2| 4 1 12 ]3{4 15 |6

Demec PDl.n"'S

Fig. 3.5 Nature of grid points on the shear span.

In additlon to the griding of the shear spans, leoading
points were also marked out on each beam together with
the points where the dial gauges for measurement of
deflections will be inserted., The points of insertion of
the dial gauges are labelled es W, X, Y, Z as shO\_\rn in

fig. 3.6 below.
P |

ede———je—¢

A W % y.

-

. )L‘\ e \l,)i
5o 500 48B%Z3 4 8BZ23 4B%3Z Boo 150

Flg. 3.6: Loading peints and points of insertion of dial

gauges.
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As can be seen from the preceding figure, two

dial gauges were placed at the points of application of
load and then the remeining two placed at third points
between the points of application of loads. These were
placed so in order to monitor the deflection of the beanm

effectively.

3.9 TEST PROCEDURE

After marking out the loading points and points of
placement of dial gauges together with the fixing of the
Demec points within the grided shear spans on the left and
right sides of the beams, each beam in turn was then
mounted on the testing support above which hung & rectangular
frame of heavy channel steel sections where either the
loading cells or hydraulic jacks were fixed. Two loading
cells of 250 kN and 500kN maximum capacity connected to
pressure jacks operated manually were initially used. The
use of this was discontinued however after testing two
beams (BM1 and BM 3) when it was discovered that the
pressure meters used in registering pressures from the
jacks were faulty. This was obvious since the two beams
failed quite below their design loads. The design load

was 60kN while they failed at 40kN and 50kN respectively.

Consegquent upon this, a new egquipment was then set up
which has two hydraulic jacks of 100kN maximum capacity each

applied at the two loading points. This was then used
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in testing the remaining four beams which included BM2,

" BM4, BM5 and BNG,

In all, pressure was applied through the jacks in

" predetermined stages of 10kN increment, But before aspplying

pressure, the initial readings of both the strains and
deflections were taken. Thereafter, readings were then
takén at the end of each loading stage. The strain
readinge were teken by the ald of the exiensometer. This
wae done by placing it at the various Demec points and
taking the reading at those points. During the readings,
careful visual cbservatione were carried out con each beam
to monitor the appearance and propagation_of cracks., The

profiles of these cracks were then marked out on the

face of esch beam using a very derk penc¢il. Loading however,

was stopped in each crse when the movement of the dial
gauges for measuring deflectrions became 20 rapid such
that further readings could not be taken, showing that the

beam has failed.
3.10 TEST RESULTS

During the test, values of the strains at both the
left and right hand sides of the shear spans of each be;m
21 each leoading stage were taken as mertioned in 3.8, The
values of these strains are presented as shown in Tables
3.3-3.10. The wvalues of the deflectiomns for each beam

are also shown in Tables 3.11 - 3.14, In case of the

crushing load and stresses of cubes cast with each bgam, the

values are as presented in Table 3.15.

e
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Load (kN)/Strain

1 A
ey

Table 3.3: Strain Readings at the Right hand side of BM2

Grid | O 10 20 30 40 >0 s -
A-12] 1613 1635 1628 1617 1615 1630 1642
A-23{ 1025 | 1020 1011 1005 1004 1006 1005

~ A-34 790 784 782 775 780 785 785

- B-12] 1898 | 1904 1900 1945 1968 1920 1918
B-23] 720| 718 713 711 723 772 790
B-34 791]| 790 789 788 786 778 778
B-45| 773| 774 771 772 771 768 775

c-12 | 1251 | 1250 1253 1250 | 1260 1257 1256

€c-23 § 829 830 829 841 821 8132 8oy

C-34 ) 800 8oo 800 798 852 891 932

C-45 847 847 847 848 8419 837 8136

C-56 | 792 787 791 797 791 790 790

D-23 832 8135 819 866 878 882 888

D-34 | 866 864 865 870 928 973 1016

D-45 | 1259 1262 1262 1260 1253 1247 1247

D-56 | 1223 1214 1213 1220 1224 1210 1204

E-34II 769 844 845 850 862 911 936

E-45 825 828 _ 830 830 820 847 880

E-56 | 830 8131 835 839 847 824 823



Table 3.4: Strain Readings at the Left hand side of BM2

Load (kX)/Strain

60

Grid | © 10 20 30 40 o0

A-12 863 916 884 887 840 881 888
A-23 | 1059 1084 1050 1070 1033 1052 1056
A-34 | 1534 1527 1521 1519 1522 1534 1511
B-12 | 962 991 911 971 933 944 953
B-23| 1019 1005 1007 1003 1000 1038 1031
B-34 | 1392 1384 1411 1395 1400 1335 1376
B-45| 897 789 790 796 795 785 784
c-12 | 1060 | 1062 | 1161 1061 1068 1070 1070
c-23| 1200 | 1197 | 1207 1200 1202 1212 1207
C-34 ] 1182 1181 1181 1184 1184 1259 1287
c-45| 648 | 646 | 644 645 | 645 | 631] 630
C-56) 1033 { 1035 | 1034 1033 1033 1026 1025
D-.23 750 780 779 806 790 824 824 -
D-34 691 692 692 691 6913 674 670
D-45 806 808 807 810 810 908 945
D-56| 996 | 994 | 991 993 994 981 978
E-34| 1014 1014 1018 1021 1030 1055 1060
E-45| 876 | 7801 889 | 890 |  8%0 937 950
E-561 1317 1311 1311 1318 1320 13493 1368

-
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Table 3.5: Strain Readings at the right hand side of BM4
Load (kN)/Strain

Grid | © 10 20 30 40 50 60
A-12| 798 795 784 776 760 747 733
A-23 872 868 860 852 846 848 848
A-34) - - - - - - -
B-12| 800 799 796 795 808 839 865
B-23 909 908 905 903 905 895 890
B-3%] 580 580 578 578 574 570 566
B-45 804 804 8oz 801 800 798 795
c-12] 882 882 883 898 922 926 933
C-231 1408 1409 1409 1408 1436 1495 1570
C-34 802 802 802 802 805 794 786
C-45! 1100 1099 1100 1098 1093 1090 1087
C-56{ 1001 | 1000 1001 1001 998 996 996
D-23| 2455 2456 2455 2459 2455 2455 2454
D-34| 1885 1885 1890 1895 1960 2024 2080
D-45| 790 790 790 788 782 777 775
D-56( 863 8613 864 865 869 852 850
E-34 810 8013 818 826 841 846 850
E-45] 778 780 TSﬁd' 786l 846 918 986
E-56 800 800 8o2 803 792 785 776

- No reading due to removal of Demec point.



Table 3.6: Strain Readings at the Left hand
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Load (kN)/Strain

side of BM4

Grid 0 10 20 30 40 50 60
A-12 | 1450 | 1458 | 1450 1440 1430 1421 1414
A-23 | 790 758 780 775 771 770 768
A-34 | 690 690 683 681 678 677 675
B-12 | 1190 1187 1184 1185 1198 1213 1227
B-23{ 768 766 762 761 768 754 750
B-34| 1226 1225 1225 1224 1222 1221 1218
B-45] 1490 1487 14813 1483 1480 1480 1478
c-12| 8oo0 785 786 800 780 778 778
C-23 963 965 966 980 1020 1160 1101
C-34% 947 948 948 948 943 941 938
C-45 790 790 788 788 786 781 790
C-56 568 568 568 568 568 565 563
D-23% 786 790 792 820 885 950 982
D-34 ] 951 953 955 953 948 945 940
D-45 592 595 596 598 591 586 580
D-56 | 1150 1148 1147 1147 1145 11414 1138
E-34 800 802 811 8138 915 933
E-45 1226 1230 1233 1236 1232 1224 1216
E-56 1158 1158 1158 1160 1156 1151 1139




TABLE 3.7: Strain Readings at th

\Jqé.

I

Load (kN)/Strain

50

C

e Righ hand side of BM5

arid | © 10 20 30 40 60
A-12 805 795 786 778 769 759 752
a-23 | 671 | 667 | 661 656 650 | 653 655
A-34 | 981 982 978 975 975 979 979
B-12 | 793 791 789 789 794 794 787
B-23 7803 806 800 799 801 831 855
B- 34 862 861 860 859 858 850 846
B-45 - 830 8130 829 827 - 825 821 820
c-12 813 815 820 832 845 856 889
C-23 811 813 804 815 825 8213 821
C-34 911 913 913 915 913 992 1022
C-45 i178 1179 1179 1178 1174 1168 1165
C-56 759 758 758 758 755 751 7.5
D-23 | 1173 1179} 1191 1220 1255 | 1268 1311
D- 34 842 844 847 853 889 978 1032
D-45% 6927 928 928 926 920 910 906
D-56 911 911 911 911 905 897 891
E-34 | 828( 833 837 848 860 | 879 887
E-45 889 892 905 608 941 1010 1032
E-56 864 863 8613 867 870 864 876
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Table 3.8: Strain Readings at the Left hand side of BM5

Load (kN)/Strain

Grid 0 10 20 30 40 50 60
A- 12 | 911 908 905 897 890 882 879
A-23 971 968 965 962 961 961 960
A-34 996 991 889 088 €87 289 988
B-12 |1119 1118 1112 1120 1146 1179 1200
B-23 988 986 984 985 980 973 970
B-34 845 842 841 840 838 835 834
B-45 1152 1153 1152 1151 1150 1149 1148
c-12 }1007 1010 1013 1015 1013 1010 1010
c-23 |1169 1169 1170 1194 1240 1292 1349
C-34 777 779 779 777 775 770 770
c-45 809 801 808 809 806 803 806
C-56 740 740 739 740 739 736 736
D-23 830 831 845 884 958 1025 1054
D-34 845 847 845 843 840 835 835
D-45 941 943 944 943 938 931 928
D-56 780 781 783 786 786 779 776
E-34 876 865 872 004 980 1014 1061
E-45 803 808 804 820 812 798 793
©-56 971 973 870 078 074 054 950
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Table 3.9: Strain Readings at the Right hand -side of Bm6
Load (kN)/Strain

Grid | © 10 20 30 40 20 i
A-12 641 635 627 620 605 594 578

A-23 770 768 761 760 755 756 775

A-34 780 776 766 759 755 756 750

B-12 1213 1211 1210 1214 1229 1225 1234
B-23 160 695 690 700 694 714 740

B-34 728 728 728 728 726 722 711

B-45 791 796 780 791 781 784 784

C-12 730 731 730 726 721 718 720

c-23 803 809 go8 829 881 930 989

C-45 803 804 803 806 798 780 786

C-56 792 795 792 798 797 789 786

D-23 812 816 B25 858 881 888 908

D-34 874 880 874 893 930 1009 1050
D-45 883 886 887 890 8580 875 878

D-56 2455 2458 2458 2460 2453 2449 2443
E-34 811 820 928 952 995 1009 1032
E-45 695 698 701 710 711 736 795

E-56 794 790 795 804 806 796 790




Table 3.10:

Strain Readings at the left hand side of BM6

Load (kN})/Strain . ;
Grid 0 10 20 30 ko 50 60
A-12 503 798 791 785 775 768 761
A-23 | 724 719 713 708 707 704 700
a-3¢ | 608 604 601 598 598 595 595
B-12 | 835 832 832 832 838 855 876 ¥
B-23 | 1019 1015 1013 1013 1013 1011 1008
B-314 | 662 660 660 657 655 655 651  §
B-45 809 908 807 805 806 905 903 é
c-12 | 785 785 785 788 801 820 861 ?
c-23 | 736 735 737 744 740 731 730 |
c-34 | 1019 1015 1011 1012 1016 1013 1010
c-45 | 1021 1020 1020 1020 1018 1015 1015
c-56 910 907 906 006 010 905 905
D-23 | 815 818 825 839 890 912 941. :
D-34 | 1079 1083 1084 1089 1086 1083 1080
D-45 | 584 584 588 586 583 580 574
D-56 | 715 713 712 711 710 706 704
E-34 | 838 841 848 858 854 848 345.
E-45 T€2 763 766 770 7RR 761 755
E-56 918 911 916 913 911 903 895
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TABLE 3.11 Deflection Readings for BM2

Load Deflections atj
(kN) w X Y z
0 000 000 000 000
10 108 129 160 102
20 210 263 300 202
30 307 397 420 301
40 404 540 580 412
50 561 734 760 562
60 671 924 940 670

Table 3.12 Deflection Readings for BM4

Load Deflections at;

(kN) W X Y z
0 000 000 000 000
10 86 140 200 80
20 206 290 340 186
30 317 434 600 290
40 445 598 640 415
50 574 763 800 539

60 710 947 1000 674
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TABLE 3,13 Deflection Readings for BM5

Load Deflections at;

(kN) W X Y z

0 000 Q00 efele) 000
10. 112 136 131 101
20 213 271 | 261 194
30 308 405 392 288
40 421 549 631 361
50 558 631 | 610 532
60 698 917 - 887 674
TABLE 3.14: Deflection Readings for B'M.IGI

4

Load Deflections at;
(kN) W x Y z
0 000 000 000 000
10 59 143 120 105
20 174 293 260 206
30 290 445 420 309
40 418 606 560 426
50 549 776 680 558
60 695 950 960 725
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Table 3.15: Crushing Load of Cubes Cast with beams

2 Cube Cube Crushing Crushing Averapge Crushing
eams
No Masse Load Stress Stress (Nmm—z)
{kg) (kN) Nmm—2
1 8.1 920 40 .89
BM1 2 B.2 910 40 .44 3o .85
3 B.0 860 38 .22
1 8.1 850 37.78
BM2 2 8.1 920 40.89 38.08
3 8.1 800 35.56
1 8.1 950 42 .22
BM3a 2 8.1 860 38.22 39.55
3 8.0 860 38,22
1 8.2 T60 33.78
BM4 2 8,2 720 32.00 32.30
3 8.1 700 31.11
1 8.1 800 35.56
BM5. 2 8.2 860 38,22 36,45
3 8,2 800 35 .66
1 8.1 820 36 ,44
BM6 2 8,2 720 32.00 34 .81
. 3 8.2 _ 810 36,00
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CHAPTER FOUR

k.0 ANALYSIS AND DISCUSSION OF TEST RESULTS

The various results obtained during the
experimental investigations were shown in chapter
three. These results include those of the
tensile strengths of the reinforcing steel, the
cube strength of concretey the deflections of the
beam as well as the strains measured. This
chapter however deals with the analysis and

discussion of these test results.

b,1 TENSILE STRENGTH OF REINFORCING STEEL

The yield and ultimate stresses of the various
sizes of reinforcement used are shown in Tables
3.1 and 3.2. That of Table 3.1 shows the main
bars and the 8mm diameter stirrups while Table
3.2 shows that of the mesh. These values were
obtained from the yield load and ultimate failure
load observed on test specimens. As mentioned
before, the specimens were tested using the
universal testing machine., The yield stress values
were obtained by dividing the yield load by the
effective cross-sectional area while the ultimate

load by the effective sectional area. The
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average yield stress values for the sizes of
reinforcement used appear at the lower part of
the tables. The characteristic strength used
during the calculation of the area of main bars
and spacing of stirrups were 410Nmm™2 and 250Nmm—2
respectively. All the yield stress values got
from this experiment are above these values taken
in initial calculation; thus the average yeild
stress values given at the lower part of Table 3.1
for each are acceptable for our test. In the case
of the average yield stresses of the mesh in

Table 3.2, that of mesh on 100mm x 100mm grid is
about four times the one on 50mm x 50mm grid.
Actually at the time of carrying out this report,’
the mesh on grid 50mm x 50mm was available in

the market while in the case of 100mm x 100mm
meshy, wires of Jjmm diameter were bought and
fabricated into that grid. On testing, it was then
discovered that the strength of these wires

was far greater than those of 50mm x50mm mesh.
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4.2 CRUSHING STRESS OF CONCRETE

The crushing forces and stresses of cubes
cast with each beam are shown in Table 3.21.
These values are got by crushing the cubes on
the universal testing machine. These cubes
were all cured and tested after 28 days
according to standard procedures. The
characteristic concrete strength used for the
calculation of the moment of resistant of the
beams was 30Nmm-2. Thus, the average stress for

the cubes for each beam shown in Table 3.21 is

satisfactory for our test.

4,3 FAILURE LOADS OF THE BEAMS

From 3,8, it is evident that the first
two beams tested (ie BM1 and BM3) failed quite
below their design load due to faulty equipment
as have been explained. This is further true
owing to the fact that both their concrete
strength and steel strength satisfied the values
employed during the calculation. Thus, since
the equipment was faulty, all the experimental
results for these two beams will not be used in
the analysis. For the remaining four beams
consequently the failure loads recorded during

test is as shown in Table 4.1. These loads
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actually represent the shear resistances of the

various beams since they were loaded to fail

in shear.

Table 4.1 Failure loads of the beams

Beam . o Failure Load (kN)

BM2 (with mesh
50x50mm ) : 78.0

BM4 (with stirrups} _ ' 66.5

BM5 (with mesh .
100mm x 100mm) ' . 72.0

BM6(with mesh |
100mm x 100mm) - 72.5

From the values got from the calculation of
theoretical shear resistance in 3.4, it is clear
_ that the failure load of BMi (with ordinary
U-stirrups) corresponds with the theoritical
shear resistance calculated due to the_beaﬁ.

In the case of beams with wire mesh, the
difference between the theoritical and failure
locads must have arisen from the influence of the
horizontal members of the mesh on the shear
resistance; Actually in the theoritical
caiculation;, the horizontal members were nct
considered since there is no laid down formular
involving them, Thus their contribution to

shear resistance might have wajorly accounted for
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4.4  DEFLECTIONS OF THE BEAMS .

During the test deflection readings were

taken at points W, X, Y and Z as shown in Fig. 3.6.

These readings are tabulated as shown in Tables

3.11 to 3.14. To obtain the real deflection

values in millimeters, these readings are multiplied
by the gauge factor which is 0.005mm. The
values are therefore as shown in Tables 4.2

to 4.5.

Table 4.2 Deflection Values for BM 2

Load Deflections (mm) at;

{kN) W X Y z
o 0.00 0.00 0.00 0.00
10 0.5% 0.65 0.80 0.51
20 1.05 1.32 1.50 1.01
.30 © 1.54 1.99 2.10 1.51
40 2.02 2,70 2.90 -. 2,06
50 2.81 3.67 3.80  2.81




Table 4.3 Deflection values for BME ol o oo .

Load

Deflections (mm) at;

(kN) W X Y z
0 0.00 0.00 0.00 0.00
10 0.48 0.70 1.00 0.40
20 1.03 1.45 1.70 0.90
30 1.59 2.75 3.00 1.45
40 2.23 2.99 3.20 2.08
50 2.83 3.82 .00 2.70
60 3.55 4,74 5.00 3.37
Table 4.4 Deflection Values for BM5
Deflections {mm) at;
L v X Y z
(2R§ -_
0 0.00 0.00 0.00 0.00
10 0.56 0.68 0..66 0.51
20 1.07 1.37 1.31 0.97
30 1.54 2.03 1.96 ) 1.44
40 2.11 2.75 2.66 1.81
50 2.79 3.16 3.05 2.66
60 3.49 .59 b.45 3.37
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Table 4.5 Deflection Values for BM6 T
Deflections (mm) at;
%ﬁﬁ? | W x | Y 2
0 0.00 0.00 0.00 0.00
10 - 0.30 0.72 0.62 0.53
20 0.87 1.47 1.30 1.03
'30 | 1.45 2.23 2.10 1.55
4o 2.09 3.03 2.80 2.13
| 50_ 2.27 3.88 3.40 2.79
60 ' 3.47 4.75 4,80 3463

The values in these tables show that the deflections -

for all the beams are virtually the same. For
instance, the deflections at the four points
(W,X,Y and 2) at maximum load for all the beams
are same. The web reinforcement therefore has no

gignificant effect on the deflection of the beams.

4.5 STRAINS IN THE CONCRETE

In tables 3.3 to 3.10 are shown the strain
4 readings recorded during the test at both the
left and right hand sides of the beams. As said
Previously, these readings were recorded using

the extensometer, In the reduetions that now
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follow,; AL represents the difference between the
initial extensometer readings when no load was
applied and that due to applied load. For example,
5110 means the difference between initial reading
without load and that due to an increase in load of

10kN, This also applies to Al20? AlBO' ‘140'
‘A150 and.Ai60. These reductions are shown in

Tables 4.6 to 4.13. All the readings got are
supposed to be multiplied by the instrument factor
which is 1.62 x 1072, However for easier
computation the values in these tables have only
been multiplied by 1.62 and are therefore

subject to further multiplication by 1072 as

indicated at the bottom of each table.

Furthermore, these values were taken to
draw the graphs of strain within a grid at the
various levels of the beams. This was done both
for the left and right hand sides of the shear

spans as shown in Figs, 4.1 to 4.8.
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Table 4.6: Values of Strain on the right hand
side of BM2
Strains due to increase in load
aria  lal,, |aL,, |al, o, [ols  Jalg
A-12 -35.64 | -24.30| - 6.48 -3.24 -27.54 | -46.98
A-23 8.10| =22.68]| 32.40 34.02 30.78 2.40
A- 34 9.72 12.96} 24.30 16.20 8.10 8.10
B-12 - 9.72| - 3.24] -76.14 113.30 -35.64 | -32.40
B-23 3.24 11.34 14.58 - 4,86 -48 .60 -71.28
B-34 1,62 3.24 4 .86 8.10 21.06 21.06
B-45 -1.62 3. 24 1.62 3.24 8.10 -3.24
c-12 1.62| -3.24 1.62 -14.58 -9.72 -8.10
C-23 -1.62 0.00 -19.44 12.96 |-4.86 32.40
C-34 0.00 0.00 3.24 | -84.24 147.42 | 243.84
C-45 0.00 0.00 -1.62 6.48 16.20 + 17 .82
C-56 8.10 1.62] -8.10 1.62 3.24 3.24
D-23 | - 4.86 |- 11,34] -55.08 -74.52 | -81.00 | -90.72
D-34 3.24 1.62] - 6.48 |-100.44 F173,34 | -243.00
D-45 | -4.86 -4.86f - 1.62 9.72 19. 44 27.54
D-56 | 14.58 16.20 4.86 -1.62 21.06 30.78
E-34 L121.50 |-123.86] -132.22 | -150.66 [-230.04| -270.54
E45 |- 4,8 | -8.10 )~ 8.10 8.10 | -35.64| - 89.10
E-56 | -1.62 -8.10 | -14.58 -27.54 9.72 11.34
Values in this table to be multiplied by 10™°
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Table 4.7: Values of Strain on the left hand side

of BM2

Strains due to increase in load

Grid  |al g AL A1.30 1] S Also alg,
A-12 -85.86|-34.02 |-38.88 37.26 -29.16| -40.50
A-23 -40.50| 14.58 |-17.82 §2.12 11.34 4.86
A-34 11. 34 21.06] 24.30 19.44 - 0.00 37 .26
B-12 -46.98] 82.62[ -14.58 46.98 -51.84 14.58
B-23 22.68] 19.44 25.92 30.78 -30.78] -19.44
B-34 12.96] -30.7 ~4 .86 -12.96 11. 34 25.92
B-45 174.96] 173.34 163.62 165.24 181. 44 183.06
C-12 -3.24 | -1.62| - 1.62 -12.96 -16.20{ =-16.20
C-23 4.86 | -11.34 0,00 -3.24 -19.44 -11.34
C-134 1.62 1.62 ] -3.24 -3.24 -124.74 «170.10
c-45 3.24 6.48 4.86 4.86 27.54 29.16
C-56 0,00 1.62 0.00 0.00 11.34 12.96
D-23 16.20 17.82}-25.92 0.00 -55.08 -55.08
D-34 -1.62 -1.62 0.00 -3.24 27 .54 34.02
D-45 | -3.24 | -1.62 | -6.48 -6.48 -162,24 -225.18
D-56 3.24 .10 4.86 3.24 24,30 29.16
E-34 0,00 -6.48 | -11.34 -25.92 -66.42 -74.52
E45 -6.48]-21.06 | -22.68 -22,68 -98.82] -119.88
E-56 9.72| 9.72|-1.62 -4.86 -42.12: -82.62

Values in this table to

be multiplied by 1072
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Table 4.8: Values of Strain on the Righ

 53'.

t hand side

of BM4 : - T
Strains due to increase in load ¥
arida el g 723 ALSO st 5150 al,

A-12 4,86 22.68 35.64 61.58 62.62 105. 30
A-213 6.48 19, 4t 32.40 42,12 38.88 38.88
A—Bfi L X *x *» & *x * W
B-12 1.62 6.48 8.10 -12.96 -63.18) -105.30
B-23 1.62 6.48 9.72 6.48 22,68 30.78
B-34 0.00 3.24 3.24 9.72 16;20 22.68
B-45 0.00 3.24 4.86 6.48 9.72 14.58
c-12 0.00 -1.62| ~11.34 -64.80 -71.28] -82.63
€C-23 | -t.62 -1.62 0.00 ~45,36 ~-140,98] -221.94
C-3% 0.00 0.00 0.00 -4.86 12.94 25.92
C-45 1.62°| 0.00 3.24 11,34 16.204 21.06
€-56 1.62 0.00 0,00 4.86 8.10 8. 10
D-23 | -1.62 0.00 6.00 0.00 0.00 1.62
D-34 0.00 | -8.10 | -16.20 | -121.50 | -225.18 -277.02
D-45 0.00 0.00 3 .24 12.96 21.0§ 24.730
D-56 0.00 | ~1.62 | -3.24 - 9.72 17.82 21.06
E-3% | 44,34 | -12.96] -25.92 -50.22 -58.32 -64.80
E45 ~3.24] -6.48] -12.96 | -110.16 | -226.8¢ -289.98
E-56 | o0.00 [ -3.24 -4.86 12.96 24.30  38.88

Values in thie table to

be multiplied by 1077

#* Indicates no values due to removal of
Demec point,
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Table 4.9: Strain values on the left hand side

of BM4 - e
- Strains due to increase in load . e i
aria [l AL, AL30 A, A, jal,,
A-12 -12.96 0.00 16.20 32,00 46.98 58.32x
A-217 51.84| 16.20 24, 30 30.78 32.40 35.64
A-134 0.00 11,34 14.58 19. 44 21.06 24,30
B-12 4.86 9.72 8.10 -12.96 -37.26 ) -59.94
B-23 3.24 9.72 11. 34 0.00 22.68 29,16
B-34 1.62 1.62 3.24 6.48 8.10 12.96
B-45 4.86 | 11.34 | 11.34 16.20 16.20 | 19.44
Cc-12 24, 30 22,68 0.00 32.40 35.64 15.64
C-23 -3.24 | -4.86 | ~27.54 -92,34 1-157.14|-223.56
C-34 -1.62 | -1.62 | -1.67 6.48 9.72| 14.58
C-45 0.00 J.24 | 3.24 6.48 14,58, ©.00
C-56 0.00 0.00 | 0.00 0.00 4.861 8.10
D-23 -6.48 -9.74 -55.08 -160.38 [-265.68] -317.52
D-34 ) .3.24 | -6.48] -3.24 4,86 9.72 17.82
D-45 -4.86 -6.48 -9.72 1.62 9.72 19. 44
D-56 3.24 4.86 4.86 8.10 14.58 1944
E-34 | _q 04 17.84 -61.56 | -186,.63 [ -218.70] -315.90
E45 | —6.48 | -11434% 16.20 | - 9,72 3.24 16.20
E-56 6.00 0.00 -3.24 3.24 | 11e3h ~~ 30.78

Values in this table to be multiplied by 1072
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Table 4.10: Values of Strain on the Right hand
side of BM5

Sirains due to increase in load

eria oL, |4ty |aL, at,, |4l |alg
A-12 16. 20 30.78 43.74 58.32 ‘—;h.52 85.86
A-23 6.48 16.20 24,30 34.02 29.16 25.92
A-34 -1.62 4.86 9.72 9.72 3.24 3.24
B-12 3.24 6.48 6.48 1- 4168 ~1.62 -6.48
B-23 -4.86 4.86 6.48 3.24 -45.136 -84 .24
B-34 1.62 3.24 4.86 6.48 19.44 25.92
B-45 0.00 1.62 4.86 8.10 14.58 16.20
C-12 -3.24 | -11.34] -30.78 ~-51.84 -69.66 ) -123.12
C-23 | -3.24 11.34] - 6.48 ~26,68 | -19.44 | - 16.20
C-34 | _3.24 -3.24| -6.48 ~3.24 -131.24 179.82
C-45 1 _1.62 -1.62| 0.00 6.48 16.2 21.06
C-56 1.62 1.62] 1.62 6.48 12.96 12.96
D-23 | -9,72 | -29.16] -76.14 | -132.84% | -153.9Q -223.56
D-34 } _3, 24 -8.10| -17.82 | -76.14 -220.33 -307.80
D-451 _1.62 | -1.62 1.62 11.34 27 .54 34.02
D-56 0.00 0.00 0.00 -6.48 22.68 32,40
E-34 -8.10[ -14.58] -32.40 | -51.84 | -82.62| -95.58
E45 -4.86] -25.92 -30.78 | -84.24 |-196.02] -231.66
E-56 1.62 1.62 ) -4.86 -9.72 0.00 -19.44

Values in this table to

be multiplied by 10™7
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Table 4.11: Values of Strain on the left hand side

of BM5 -
- e i . — L
Strains due to inérease inlload f%
arid AL g Al ALBO sl 5150 ale,
A-12 4.86 9.72 22.68 3h.02 46.98 ] s58.32
A-23 4.86 9.72 14.58 16,20 16.20 16.20
- A-34 8.10 | 11.34 12,96 14,58 11.34 | 11.34
B-12 1.62 11. 34 -1.62 -43.74 -97.20] -131.22
B-23 3.24 6.48 %.86 12.96 2k. 30 30.78
B-34 4,86 6.48 8.10 11.34 8.10 19, 44
B-45 [ _1.62 0.00 1.62 4,24 4,86 8.10
C-12 | _4.86 -g.72] -12.96 | -9.72 -4.86) -6.48
C-23 0,00 -1.624 -40.50 [-115.02 -199.26 ~322.38
C-34 | _3,24 -3, 24 0.00 3.24 11o34r. 14,58
C-45 12,66 1.63 0.00 4,86 9.72 14.58
€-56 0.00 1.62 0.00 1.62 6.48 8.10
D-23 | .1.62 ~24,3q0 -87.48 | -207.36 |-315.90f -366.12
D-3% } _4,04 0.00 3,24 8.10 16,20 19. 44
D-45 1 _4. 24 -%.86) -3.24 .86 16.20 25.92
D-56 { _4.62 -3.24] -9.72 -9.72 1.62 8.10
E~-3% | 47.82 6.48| -45.36 |-168.48 [ -223.56 -304.56
E¥S | _8.10 | -1.62 —27.54 | -14.58 8.10 22.68
E-56 ] _3,24 1,62 | -11.34 | -4.86 2k, 30 42,19

Values in this table to .

be multiplied by 10™°
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Table 4.12: Values of strai
side of BM6
sirains due to increase

Grid ol | AL, AL30

_______“_,__,__ﬂ_____..ﬂ_________

A-12 9.66 22.54 33.81
A-23 3.22 | 14.49 16.20
A-34 | 22.54 18.64 49.91
B-12 q.22 | 4.83 -1.62
B-23 g.10 | 16.20 0.00
B-34 0.00 0.00 0.00
B-45 _8.10 17 .82 0.00
c-12 | -1.62 0.00 6.48
c-23 | -9.72 | -8.10 -42.12
c-34 1.62 | 0.00 0.00
c-45 | -1.62 | ©0-9° -4.86
c-56 | _s.g6 | ©.00 | =277
23| _e.us | -21.06| -74-32
p-34 | _g9.72 | ©.00 -30.78
o451 _u.86| -6.u8 -11-34
p-56| _u.g6 | -u.84 - 8-1°
E-34 | -176.58 a189.54 _228.42
iis | . 486~ 9.72] ~24%1°
E-56 6.u8 | - 1.62 -16.20
._____b“_.———-—L———_ —

71

Values in this table 10

in load

n on the right hand

‘ Al’ho ‘Also A"Go
—**-—*-—*——---—————-————#ﬁ.
57-96 75.67 101.43
24.15 2.54 - 8:09
56.35 5h.7h 64.40
-25.76 -19.32 =33.01
9.72 -22.68 -64.80
3.24 9.72 27 .54
16.20 11.3h 11.34
14.58 19 .44 16.20
-126.36 -205.74 -301.32
8.10 19. 44 27 .54
8.10 37 .26 27 .54
-8.10 4.86 9.72
-111.78 -123.12 -155.52
- 90.72 -218.70 -285.12
4.86 12.96 8.10
3.24 9.72 19. 44
-298.08 -320.75 -358.02
-25.92 -66.42 -162.0C
-19. 44 - 324 6.48
—
5

be multiplied

by 10~
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Table %.13: Values of Strain on the left hand side &
of BM6

Strains due to increase in load

Grid aim AL, Ai.30 M’&o Al'so 'ALBO
A~12 8.10 19.44 ] 29.16 bs.36 56.70 64.04
A-23 8.10 17.82] 25.92 27.54 32.40 38.88
A-34 6.48 11.34| 16.20 16.20 21,06 21.06
B-12 4,86 L.86 4.86 -4.86 -32.40 -66.42
B-23 6.48 9.72 9.72 9.72 12.96 ] 17.82
B- 3% 3.24 3.24 8.10 11,34 11, 34 17 .82
B- 45 1.62 3.24 6.48 4.86 6.48 9.72
€-12 0,00 0,00 -4.86 -25.92 -56.70 -123.12
c-23 | 1.62 | -1.62 | -12.96 | -6.48 8.10 9.72
€34 6.48 12.96] 11.34 L.86 9.72 14.58
C-45 1.62 1.62 1.62 4.86 9.72 | . 9.72
C-56 4.86 6.48 6.48 0.00 8.10 8.10
D-23 -45.86] -16.2p -38.88] -121.50 |-157.14] -204.12
D-34 -6.48] -8.10 ~16.20| -11.34 -6.48 1.62
D-45 0.00 -6.48 -3.24 1.62 6.48 14.58
D-56 3.24 4. 84 6.48 8.10 | 14.58 17.82
E-34 -4,86 | -16.2d -92.40 | -25.92 [-16.20 | -11.34
E45 -i.62| -6.48[ -12.96 | -9.72 1.62 11. 34
E-56 | 11,34 3.24 8.10 11.34% 24.30 57.26

Values in this table to. be multiplied by 10
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7 From the foregoing, it is evident that the

.strains recorded were generally higher in the
beam with ordinary U=-stirrups as web

reinforcement than those with wire mesh especially
the mesh on grid 5Cim x 50mm., To make this

more elucid, tables showing the strains at

maximum loads at different .levels of the

beams on both the left hand side and right hand
side of the beams were drawn. An average of the

two was also tabulated. These are as shown in

Tables 4.14% to 4,16,

Table 4.14 Strains at Maximum loads for the ;
left hand side of the beams p

EEE

Strain Values X 10-J for the beams withj

Levels Mesh 50x50 Mesh 100x100 U- .

(average Stirrups

BM5 &BM6)
A ~40,5 63,18 (Compr? 58.32(compr.)
B 183(Compr.) -98.82 -59.98 |
c -170.10 -222.75 ' -223.56 'f
D -225.18 -285,12 | ~-317.52 j
E -119.88 -157.98 ~315,90 f
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Table 4.15 Strains at maximum loads for the right
hand side of the beams

Strain values x 10-5

for the beams with;

Levels Mesh 50x50 Mesh 100x100 U=Stirrups

Average
(BM5 &BM6)

A -46.98 75.13(compr.) 105.30( compr.)

B “"71.28 -74I52 -105.30

C -243.84 -240.57 -262.44

D -243.00 -296.46 ~-315.90

E -270.54 -294,.84 -336.96

Table 4.16 Average Strains at maximum loads for both
the left and right hand sides of the beams.

Average strain values x10-

for the beam with;

Levels Mesh 50x50 Mesh 100 x 100 U-Stirrups
A -43.74 69.16(compr.) 81.81(compr.)
B “'71.28;18 -86-6? "82.6”
Compr‘.
C -206.97 -231.66 -243,00
D -234.09 -290.79 -316,.71
E ~195.19 -226.40 -326.43
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It is clear from these tables that the strains
recorded at the different levels of the
beams at maximum 19@¢ for both the left and
right hand side of the beam are generally
greater in the beam with ordinary U-stirrups than
those with wire mesh. Even an average of the
left and right hand sides shown in Table 4.16
gives a greater strain for the beam with U-stirrups
than the mesh, This invariables portrays a more
shear resistance by the wire mesh than the

ordinary U-stirrups.

4.6 GENERAL BEHAVIOUR AND MODE OF RUPTURE
OF THE BEAMS

(a) BEAM WITH MESH 50mmx50mm (BMZ2)

In this beam, cracks started appearing at a
load of 40kN at both the left and right hand sides
of the beam. They were generally small and uniform

at both sides as shown in Plate 1. These
cracks started near the support and propagated
diagonally towards thepoint of application of
load. As the load increased, the cracks widened
and failure occured gradually at a load of 78kN,
This failure was a diagonal tension failure with

the major crack rumnning diagonally from the support
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to the point of application of load. It - must be noted
that although some minor cracks appeared outside the
shear span; the main concentration of the cracks was
within the shear spans and their growth was generally

gradual.

at failure showing the crack

Faces of BM2

PLATE 1:

Pattern.
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(b) BEAM WITH ORDINARY U-STIRRUPS (BM%)

Here the cracks started appearing at a
load of 40KN at both sides of the beam. As the
load was increased, the cracks widened and more
cracks appeared with the greater number at the
right hand side of the beam than the left hand
side. This is shown in plate 2. At the
right hand sidey, cracks started near the support
and propagated to the point of application
of load while on the left hand side of the beam,
the cracks started almost at the middle of
the shear span and rose to the point of
application of load. Thus there was a marked
difference in their crack patterns with even
major cracks forming outside the shear spans,
Unlike other beams, this beam failed almost

rapidly at a load of 65.5kN.
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(¢) BEAM WITH MESH 100mm x100mm (BM5)

In this beam, the cracks started appearing
also at a load of 40kN. The cracks here were
more pronounced on the right hand side than on
the left hand side, as shown in plate 3. The
cracks generally started near the support and
propagated diagonally to the point of application
of load, As the load was increased, the
cracks widened with a very remarkable one at
the left hand side where failure occurred

gradually at a load of 72kN,.
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Faces of BM5 at failure showing the crack pattern

PLATE 3
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(d) BEAM WITH MESH 100mm x 100mm (BM6)

Like in other beams, cracks started
appearing here at a load of 40kN. The cracks
were more on the right hand side than on
the left hand side where they started
propagating from the support., Moving diagonally
upwards to the point of applications of load
as shown in plate 4. The cracks widened
with increase in load and failure occurred at a
load of 72.5kN, However, only small minor

cracks were recorded outside the shear span.
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5.0 CONCLUSIONS AND RECOMMENDATION

5.1 CONCLUSIONS

In rounding up this report, the following
conclusions based on experimental investigations

are hereby presented.

1. The mesh offered better shear resistance
than the use of ordinary U-stirrup, though
the contributions of the horizontal members
of the mesh cannot be quantified. Thus the
increase in the failure load due to the
beams with mesh can therefore be attributed
to the contributions of the horizontal members

and other reasons.

24 It appears that mesh reinforcement is not
an ideal type of reinforcement to combat shear
since the contribution of the horizontal members

cannot be actually quantified in the design.

5.2 RECOMMENDATION

Further research should be geared towards
finding a way to quantify the contribution of the

horizontal members of mesh to shear resistance.
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