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Abstract

The recent application of Ferro cement includes prefabricated roofs el ements, load bearing panels, bridge decks and others. However
there have been many structural applicationsin different parts of the world especially in eastern hemisphere considerable efforts have
been made by many individuals and research organization around the world to study the engineering of Ferro-cement. This present
study deals with the behavior of Ferro cement deep beams under central point load. A total of 27 rectangular deep beams have been
casted of dimension 125 x 250mm and the lengths of beams have been varied along with the variation of wire mesh and mortar
strength. Before testing, the top surfaces of these beams were white washed, to get a clear picture of crack pattern. Along with these
beams 27 cubes have been casted with the dimensions 7.06 cm x 7.06 cm x 7.06 cm. the compressive strength of mortar is deter mined.
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1. INTRODUCTION

Ferrocement, a composite comprising cement modatha
matrix and fine wire mesh as the reinforcement, basn
regarded as a highly versatile construction mdtefize closer
distribution and uniform dispersion of reinforcerhen
transform the otherwise brittle matrix into a comspe that
exhibits superior performance over conventionahfoetced
concrete with respect to cracking, tensile strengtirctility
and impact resistance.

Being thin-walled in nature Ferrocement has fountd¢ most
suited for structures like shells and folded platekere the
applied load is primarily carried through the aetaf in-plane
shear and axial stress. When the out-of-plane rattecomes
predominant, Ferro cement in its traditional forrahaves
rather poorly because of its low flexural rigidiggfforts have
been made to increase the flexural performance of
Ferrocement by introducing ribs and hollow coregesorting
to a sandwich-type construction. Other alternatinetude the
use of thin-walled structural sections, typicallp@oyed for
steel or fibre-reinforced polymer like box, channgl and I-
sections. The uniform distribution and high surfazea to
volume ratio of its reinforced results in bettendt arrest
mechanism i.e. the propagation of cracks are adestsulting
in high tensile strength of the material.

Deep beam is a beam having ladjear span to depth ratio
andshear span depth ratio less than 2.5 for concentrated load
and less than 5.0 for distributed load. It is anfaiced
concrete member in which the total span or shean sp

exceptionally small in relation to its depth. Ddeams play a
very significant role in design of mega and as vesllsmall
structures. Some times for architectural purposdéglihgs are
designed without using any column for a very lasgan.

CIRIA is the Construction Industry Research anaimfation
Assaociation; it is non-profit distributing organtian carrying
out on Research work of behalf of its members. ThHeIA

Guide simple rules for designing reinforced corerdeep
beams of span/depth ratio below 2 for single spad.® for
multi-span The Guide has been prepaid by a teadesifjners
and has been approve by a panel of assessorshasitatitve
statements of the art and of good practice in désig
reinforced concrete deep beams.

Al-Kubaisy and Ned Well [1] studied on the locatioh the
diagonal crack in ferrocement rectangular beamshe T
variables covered in the study were, a/d volumetiiva and
compressive strength of the mortar ‘fcu’. The dffe€ the
volume fraction, Vf on the location critical diaggncrack is
not well defined. It is also concluded that the IASCE
committee 326 expression for predicting the locatad the
diagonal crack in conventional reinforced concreams
underestimates the location for ferrocement beaitis aid =
1.0 and over estimates the location for beams afdh> 1.5.

Mansur, M.A. and Ong, K.C.G. 1987 [2] conductedastiests
on the ferrocement beam sections and concluded that
behavior of these structural sections is similarthat of
structural reinforced ferrocement beams. It i® al®entioned
that the ferrocement beams exhibit numerous craoks
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sections are serviceable up to 90% of the ultimata.

Naaman and Shah’s [3] (1974) work indicated that gtres:

level at which the first crack appeared and thelcigpacing

were a function of the spific surface of reinforcement. Tt

ultimate load of the ferrocement specimen was #imeesas th

load carrying capacity of the reinforcement in tdaection.

Desayi [4] proposed a semi empirical formula foegicting

the shear strength of ferrocemenkersénts. Mansur and
Paramasivam (1986) [5] proposed a method to pretie

ultimate strength of ferrocement in flexure based tbe

concept of plastic analysis where ferrocemeiconsidered as
a homogenous perfectly elaspitastic material. It was four

that the ultimate moment increase with increasingtrix

grade (decreasing water cement ratio) and incrgasiume

fraction of reinforcement.

Till today no codal formula is available to ass#ss shea
strength of ferrocement elements. Thus there ieed tc
verify, where the shear resistance equations dgbyeaxisting
codes of practice for reinforced concrete can keraded tc
ferrocement also?

2. EXPERIMENTAL PROGRAMME
2.1 Objectives

1. The aim is to study the shear and flexuraavior of
ferrocement deep beams andtody the effect of th
following parameter.

a) Volume fraction of reinforcement )
b) Shear span to overall defration (a/h)
c) Cube compressive Strengtk,)
2. To study the load deflection relationship and she
behavior.

3. To compare the test ultimate loadXWith the desigt
code(ACI 318-83)andCIRIA guide.

4. To compare the test cracking shear strn7T ) with the
design code(ACI 318-83) and CIRIA guide and too
generate a linear empirical equation for predictithg
ultimate strength of ferreement deep bear

3. EXPERIMENTAL INVESTIGATION

The experimental investigation includessting and testing «
27 rectangular deep beams and cubEstee groups of
specimens were casted. In GroApnine beams of siz
120mm x 250mm were tested. The parameter considar
this group is varying shear span to depth ratib)(ahile the
wire mesh (N) and mortar strength,fwere kept constant.
Group B, again nine beams of same size were tested
parameter considered in this group is varying niesteengtt
(fcy) while the shear span to depth ratio (a/h) anc wiest
(N) were kept constantn the third group nine beams of s
120mm x 250mm were testedihe parameter considered
Group-C is number of wire me@i) while keeping othe
parameters unvaried.

4. MIX PROPORTIONS

After deciding all the parameters and water cenratib,
dosage of supeplasticizerswas fixed. Throughout the whole
program the cement to sand ratio was varied fromtd.:1:2
and w/c ratio from 0.25 to 0.4 based upon the matr@ngtt
required and to obtain the desired workability gpes-
plasticizer (HRWA)was used in all the mixe

5.TEST PROCEDURE:

All beams are simply supported cwo edges. All specimens
were tested under concentrated single point The test
setup is shown in thd-igure 1. The deflections and the
corresponding applied loads werecorded at the specified
displacement intervals.

Fig 1 Test setup to determine shear and flexural stri

IC-RICE Conference Issue | Nov2013, Available @http://www.ijret.org 86




[IJRET: International Journal of Research in Engineaing and Technolog)

elSSN: 231+-1163 | pISSN: 2321-7308

6. RESULTS AND DISCUSSIONS

Table 1: Details of test specimens

Cube
Beam Parameter to be Sgear span to No. of layers of Tot_al volume compressive
designation investigated epth ratio wire mesh (N) fr_actlon of mesh | strength of motar

(a/d) reinforcement (V) (few)

N/mm?
Al 0.6 3 1.964 60
A2 a/h 0.65 3 1.964 60
A3 7.0 3 1.964 60
Bl 0.65 3 1.964 85
B2 feu 0.65 3 1.964 60
B3 0.65 3 1.964 40
Cl 0.65 1 1.816 60
C2 N 0.65 2 1.883 60
C3 0.65 4 2.026 60

6.1 Load Deflection Relationship:
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Fig 2 Load-Deflection Behavior of Beams of Group-A
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Fig 3 Load deflection behavior of beams of Group-B
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Fig 4 Load deflection behavior of beams of Group-C

6.2 Cracking Behavior and Modes of Failure

In all specimens, flexural cracks occurred firsespective o
the study parameters of thmesent study. As the load w
increased, additional vertical cracks appeared @am
surface, followed by the formation of diagonal &®cin the
present study, diagonal tension cracks in the spat with
a/h> 0.65 generally originated as verticaxural cracks that
extended from the tensile surface of the beamigbtyy above
the level of the bottom layer of wire mesh then dme
inclined and propagated towards the nearer coratextioad
In cases of beams with shorter shear span (a/h65).!
Diagonal tension cracks originated at about-depth of the
beam and then progressed towards nearer concehtoste
and tensile reinforcement.

The other type of failure occurred in beams with=8/.7. This
was typically shear compression failucharacterized by
crushing of the mortar near the concentrated

6.3 Effect of study parameters on the ultimate shea

strength

The figure5 shows that with the increase in the volu
fraction of reinforcement increases the shear gtherof
ferrocementbeams when the dimensions of the beam
mortar grade aren’t varied.
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Fig5 Comparison of test parameter volume fractiol
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The figure 6shows that with the decrease in a/h ratio incre
the ultimate shear strength of ferrocement deep bedvat
means the length of the beam is only varied ancer
parameters such as number of mesh layers and gfawlertar
are kept constant.

4

35

5 M S o

[ )
n

*
*

Vu/bh (N/mm?)

* Seriesl

-
n

-

0.5

afh

V,
Fig 6 Test parameter shear span to depth ratio V/ S b—‘r‘]
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The figure7 below shows that with the increasehim mortal
strength the ultimate strength of ferrocement déepms
increases and the other test parameters are keatriea
during this analysis. The graph shows a linearatiam of
shear strength with mortar grade.
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6.4 Comparison of experimental ultimate load with

design codes:

The codal provision for the ultimate strength ofrdeemen
deep beam given in ACI 3-83 is considered in the present
analysis.

2
= oendf, +172°PVed W
cr
Where
Ver = Cracking load in KI
p = Reinforcement ratio = i/ bd
Mg, = Bendingmoment mm

6.5 CIRIA Guide:
According to CIRIA Guide

=[xV, +B(V, . +V, +V,, )]xbh..... )

Where

h = depth of beamA, = 044 for normal weight

concrete.

Vy =  concrete shear parameter as tabulated in — 4

of the CIRIA guide.

Vs = Main steel shear stress parameter as tabulat
Table 6 of the CIRIA guide

Vwh = Horizontal web steel as tabulated in ta— 7 of
the CIRIA guidt

Vwy = Vertical web steel as tabulated in ta— 8 of the
CIRIA guide

LB = 1fordeformed bar
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6.6 Comparison of test ultimate shear stressr(l)
with design code:
1) As per ACI 318-83

The available equations for predicting the crackisigear
stresd ..

V. pV._d
—® _=016+172——— ............. 3)
bd,f., M y/fe,
Where
Ve = Cracking load in KN
p = Reinforcement ratio =X bd
Aq = Area of steel in mfn
M.: = Bending moment N-mm

2) As per CIRIA Guide:

\Y/

o =AXV, + BV +V, + V) . (4)
Where
A, = 044 for normal weight concrete.
V, = concrete shear parameter as tabulated in talle

of the CIRIA guide.

Vins = Main steel shear stress parameter as tabuiated
Table -6 of the CIRIA guide.

Vwh = Horizontal web steel as tabulated in tabl@ of
the CIRIA guide

Vwv = Vertical web steel as tabulated in table ef&he

CIRIA guide
[ =1 for deformed bars.

6.7 Proposed equation by Mau & Hsu:

The ultimate shear strength is given by

V, = K@ + 003+ K + 0037 +4(g +03] <0,
...... 5)

With  the limitations &, = p,f, /f.'s 026 and

pf,11.'< 02. The coefficient K, representing the shear
span effect, is given by.

K= Zdﬁ forO<a/h< 05

K =d—V E(ﬂ—éj for0O5<a/h< 20
h|{al3 3h

K =0fora/h> 20

6.8 Empirical formula for the ultimate strength of

ferrocement deep beams:

The ultimate strength depends upon the followingpeeters.
a. Mortar strength ().
b. Ratio of shear span to the depth (a/h)
c. Volume fraction of reinforcement ¢V

From the earlier discussion it is clear that, aasae formula
for predicting the diagonal cracking strength ofrdeement
elements is necessary.

Shear resistance of ferrocement elements is mdumyto the
contribution of mortar matrix and longitudinal rearcement.
The results of the present tests are comparecolvs that
there is large difference between the experimerghies with
the code values. The ACI code formula Eq. (1) dyeat
underestimates the diagonal cracking strength fostrof the
beams. In an attempt to develop an expression wumicnt
predict more closely the diagonal cracking strergtitheams
over the entire range of parameters covered in this
investigation, the following expression, which is\gar to the
one proposed by Zsutty, was selected.

V, h\"
U =Kl f.V.— 1| ......... 6
bh (cufaj ()

Where K and n are constant angli$ expressed in N/mmA
multiple regression analysis was carried out usirgyresults
of the present tests, which yields K = 2.227 amrdM80.

080
\t:r”] = 2227(fcuvf D) .......... @)
a

This is the required expression for estimating titmate
shear capacity of ferrocement deep beams. Usisgethiation
the shear stress of the tested beams are computgd a
compared with observed and proposed value. Theagseof
the observed to the proposed values is 1.631 with &f
0.548 and that of observed to the predicted vamé97 with
S.D of 0.268. The correlation coefficient for thregent test is.
0.768.

CONCLUSIONS

The diagonal cracking strength of ferrocement iases as the
a/h ratio is decreased or volume fraction of reicément and
strength of the mortar are increased. Ferro ceaegp beams
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demonstrate excellent crack control characteristi¢he

V h 08
empirical  formulg br1 = 2227[fcqu —j ) proposed
a

here in terms of h and;\provide good predictions of the
diagonal cracking strength for the entire rangevafiables
considered in this study.
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