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- STRACT Ferrocement (FC) is defined as wire mesh reinforcement impregnated with cement mortar to produce elements

of small thickness. Ferrocement offers several advantages such as light weight, ductility, resilience, toughness and
crack resistance. Observing that studies where different properties of FC elements are compared considering tension test and flexure test are
limited, present study is aimed at determining the behaviour of FC elements under flexural and tension.
500 mm X 500 mm X 30 mm size elements for flexure test and 100 mm X 500 mm X 30 mm size elements for tension test containing single,
two, three and four layers of hexagonal chicken mesh and skeletal reinforcement were cast using cement mortar 1:3 (W/C= 0.5) and cured
for 28 days. Corresponding elements were progressively tested under flexure and tension up to failure and their behaviors are compared.

1. Introduction

Ferrocement (FC) is defined as wire mesh reinforcement im-
pregnated with cement mortar to produce elements of small
thickness. The close spacing of the wire meshes in rich cement
sand mortar and the smaller spacing of wires in the wire mesh
layers imparts ductility and leads to a better crack arresting
mechanism. Ferrocement has high durability, resilience, light
weight, ease of construction, toughness and crack resistance. It
has other advantages such as economy of materials, better uti-
lization of human resources and architectural flexibility, and the
basic technique is easily acquired. The floors/roof made with
lighter materials lead to a decrease in the cost of formwork and
supporting structure.

Limited research works in the recent times are available on
the behaviour of ferrocement structural elements. Azad et.al.,
(2011) conducted tests on ferrocement discs to measure ten-
sile stress- strain relationship including testing wide ranges of
matrix strength. Equations were proposed for calculating tensile
strength based on their test results and other results in the liter-
ature. Later an analysis was carried out for calculating the load
deflection relationship of Ferrocement beams based on moment
- curvature relationship and bending theory of elastic beam.
Shaheen et.al.,(2013) investigated the possibility of the use of
ferrocement concrete in construction of water supply pipe. This
work presents the comparison between the performance of fer-
rocement pipe and reinforced concrete pipe under static load as
starting step to study the performance of this type of pipe under
impact load. Gangadharappa et.al.,(2013) investigated the effect
of percentage replacement of sand by Blast Furnace Slag (BFS)
and reinforcement with meshes under monotonic tensile loads.
It was observed that replacement of BFS increases the ultimate
strength up to a certain value and later decreases with increase
in replacement. Randhir et.al.,(2014) described the results of
testing flat ferrocement panels reinforced with different number
of wire mesh layers and fibers. Test results showed that panels
with more number of layers (with fibers) exhibited greater flex-
ural strength and less deflection as that compared with panels
having less number of layers of mesh.

In all the above studies, most of them have concentrated either
on tensile strength of FC elements or on the flexural behavior
with hardly any studies conducted wherein the similar proper-
ties are determined using two different tests.

Present study therefore is an effort to consider FC elements with
same number of reinforcement meshes and compare their prop-
erties under flexure and tension.

2. Experimental Investigation

Ferrocement elements with varying volume fraction of reinforce-
ment (V) are considered. Appropriate specimens for flexural test
and tension test were prepared and tested accordingly under
progressive loading from zero to failure. The flexural behaviour
and tensile behaviour are studied and corresponding results are
compared.

3. Materials Used

The materials used for preparation of Ferrocement Elements for
each test, namely, cement, chemical Admixture, fine aggregate,
water and wire mesh were tested in the laboratory as per
relevant IS codes.

3.1 Cement

Ordinary Portland cement of 43 Grade conforming to the re-
quirements of IS 12269-1987 is used in the experimental
work. The quantity of cement required for the experiments was
collected from single source. Tests were conducted to obtain
specific gravity, normal consistency, initial & final setting time,
compressive strength and reported in Table 1.

Table 1. Test result of ordinary portland cement

Test As per IS 12269-
Results  |1987

SL. No |Properties

1 Normal Consistency 31.00 28 35
(in %)
2 Specific Gravity 3.076

Setting Time(in Min-

Not less than
utes)

3 a)Initial Setting Time 85 Min |30minits
: Jng 490 Min |Not more than
b)Final Setting time L
600minits

Compressive
Strength(MPa)
(70.6%70.6*70.6mm

4 Cubes) ggg Mgz Not less than 22Mpa
3 days strength 4745 Not less than 33Mpa
7 days strength MPa Not less than 43Mpa
28 days strength

5 Fineness of cement 3.56 Not more than 10 %

percent
6 Soundness 4.5 mm Not more than 10

mm

3.2 Chemical Admixtures

Commercially available Poly- carboxylic ether based Super plas-
ticizer ( Glenium 6100) having specific gravity of 1.06 was used
in this study.
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Typical Properties as per manufacturer’s specifications are as
follows

»  Light brown liquid

+  Relative Density : 1.09 + 0.01 at 25°C
« pH:>6

+  Chloride ion content : < 0.2%

Dosage:

Optimum dosage of Glenium 6100 should be determined with
trial mixes. As a guide, a dosage range of 500 ml to 1500 ml per
100kg of cementitious material is normally recommended from
the manufacturer. Because of variations in concrete materials,
job site conditions, and/or applications, dosages outside of the
recommended range may be required.

3.3 Aggregate

Locally available natural river sand was used as fine aggregate in
the mix. The tests on fine aggregate were conducted in accord-
ance with IS 383 -1970 to determine physical properties. The
Sand had Specific Gravity of 2.63, fineness Modulus of 3.74 and
belonged to Zone-II.

3.4 Water
Potable water was used for conduction of experimental work.

3.5 Reinforcing Materials

The core portion of Ferrocement elements are chicken mesh
of hexagonal shape and reinforcement bar (Fe-415) as skeletal
steel.

3.5.1 Wire Mesh
Wire mesh was tested as per IS 1604-2012, the results are tabu-
lated in table 2.

3.5.2 Reinforcement Bars

HYSD bars of 4mm, 6mm, and 8mm diameter used for FC ele-
ments as skeletal reinforcement (Fe-415) were tested as per IS
1786-2008, the results are tabulated in

table 2.
Table 2. Properties of reinforcing materials
Sl . Proper-
No |Type of Material ties Values
orse o
Chicken (Hexago-
1 nal) mesh Opening
size of 13 mm x 15 mm
mesh
Yield
strength 290 Mpa
Diameter |[4mm |6mm |8 mm
Yield )
strength 490 N/mm
Fe-415 Steel (IS-  |Ultimate 2
2 11786-2008) strength |25 N/mm
%elonga- |14 95 ¢
tion

4. Casting of Ferrocement elements
Ferrocement elements of two different sizes were cast to find
their properties under flexure and tension.

4.1 Elements for Flexural Test

Ferrocement panels of dimension 500 mm x 500 mm and 30 mm
thick (fig.1) were cast to study the flexural behaviour. The panels
were prepared by fabricating 4 mm diameter mild steel rods at
240 mm c/c spacing in both directions as skeletal steel, to avoid
any folds of the chicken mesh. The chicken mesh (required num-
ber) was spread over the steel mat, details of which are shown
in fig.1.

Volume : 5 | Issue : 4 | April 2016 « ISSN No 2277 - 8179 | IF : 3.508 | IC Vz

Moulds of required dimensions were prepared using ply wood
sheet. Moulds were placed on a clean and level surface after
cleaning and oiling (fig. 2). The mortar mix was prepared with
cement and sand of ratio 1:3 with w/c 0.5 and super plasticizer
to get good workability. The cement mortar was then spread
over the bottom surface of the mould up to a thickness of about
10 to 13 mm by evenly leveling and then compacted well. The
reinforcement mat with steel rods and chicken mesh was then
placed over the bottom mortar layer carefully and the leveling
was checked. Another 10 to 13 mm thick cement mortar layer
was placed over this layer and compacted well such that this
mat was totally impregnated in to the mortar. It was then lev-
eled to obtain a smooth finished surface. The specimen so pre-
pared was allowed to set for 24 hours and the panel was de-
molded. The specimens were kept for curing under water up to
28 days. A typical specimen so obtained is shown in fig.3. Panels
were prepared using the single layer mesh, double layer mesh,
three layer mesh and four layer mesh reinforcement, skeletal
steel remaining the same. The volume fraction of steel is 0.63%,
0.78%, 0.93%, and 1.08% respectively, for single layer, double lay-
er, three layers and four layer of chicken mesh.
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dmm da Sboel rod
= laymrs of chicken mash

Sechon of FC Panel

5 mm chear crwer

o NPT G & MM Claar Sover
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Plan ol FC FPanel

Fig.1 Details of flexure test specimen

Fig. 3 Ferrocement panel element for flexure test
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4.2 Ferrocement Elements for Tension Test

Tension test specimens of dimension 100 mm x 500 mm and 30
mm thick (fig. 4) were cast. The panels were prepared by fabri-
cating 4 mm diameter HYSD bars in both directions along the
boundary to avoid any folds of the chicken mesh which was
spread over the steel mat. Moulds of required dimensions were
prepared using ply wood sheet. Moulds were placed on a clean
and level surface after cleaning and oiling. The mortar mix (
same as that used for flexure test specimens ) was prepared
with cement and sand ratio of 1:3 with w/c ratio 0.5. To get good
workability, poly-carboxylic ether based super Plasticizer (Gle-
nium 600) was used. The cement mortar was then spread over
the bottom surface of the mould up to a thickness of 8 to 9 mm
by evenly leveling and then compacted well. The reinforcement
mat with steel rods and chicken mesh was then placed over the
bottom mortar layer carefully and the leveling was checked. An-
other 8 to 9 mm thick cement mortar layer was placed over this
layer impregnating the mesh reinforcement mat, compacted well
and leveled to obtain a smooth finished surface. Similar speci-
mens were prepared with one, two, three and four layer meshes,
skeletal steel remaining same to give V, of 1.06, 1.18 %, 1.28%
and 1.38% respectively. The specimens so prepared were allowed
to set for 24 hours and panel was de-molded. The specimens
were kept for water curing up to 28 days. Typical, specimens are
shown in fig.5.

Mortar cubes of standard size (70.6mm X 70.6mm X 70.6 mm)
with and without chicken mesh were also prepared and cured
for 28 days (fig .6). Mortar cubes without mesh and with mesh
(for two cases of mesh parallel to load perpendicular to load)
were tested as per 1S12269-1987 and the results are presented
in table.3. It is seen that mortar cubes with chicken mesh par-
allel and perpendicular to load had 35.43% and 51.36% higher
strength respectively than that of plain mortar cubes.
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Fig. 4 Details of test specimen

- PG,

Fig. 5 Samples for tension test
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Fig. 6 Mortar cubes

Table 3. Compressive strength of mortar cubes

Compressive
S1 No|Designation é;gfigé ((:;?Ifls[) Zizfel Strength(Avg)
N/mm?® @ 28 days
FC (1:3)
1 Cubes(Mesh [70.6*70.6%70.6 |1.148%|47.17
horizontal)
FC(1:3)
2 Cubes(Mesh (70.6*70.6%70.6 |1.148%|52.72
vertical)
Mortar Sy
3 cube(1:3) 70.6*70.6%70.6  [0% 34.83

5. Testing of Ferrocement Elements

5.1 Flexural Test

The flexure test for the Ferrocement panels was conducted un-
der pure bending condition. The panels were simply supported
on two edges over an effective span of 444 mm and two point
loads at equal distances from support were applied to obtain
pure bending as denoted in fig. 7. The levels of the slab over
the supports were checked and the load was applied incremen-
tally, using hydraulic jack of 200 kN capacity with 1.0 kN accu-
racy, through loading frame. The maximum deflection at centre
of span under each increment of load was read from dial gauge
fixed at the bottom of the panel. The deflection at every 1.0kN
load was recorded. The first crack load was also noted. The

loading was continued till the panel failed. The specimens
failed with single or two major cracks developed almost at the
mid span along the loading direction as shown in fig.8. Table 4
shows typical readings recorded for specimen with volume frac-
tion 0.78.

Fig. 7 Loading arrangement of flexure test
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a. Single layer mesh

b. Double layer mesh

c. Three layer mesh

d. Four layer mesh
Fig. 8 Typical crack patterns of slabs tested
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5.2 Tension Test

The tension test specimens obtained as in Sec. 4.2, were stiffened
by steel plates on both faces at the ends to avoid stress concen-
tration when they were gripped by shackles in the testing ma-
chine during loading. These plates also avoid the crushing of the
FC specimens due to gripping force. Gauge length of 150 mm
was marked in the central portion of the specimen. Such a speci-
men was mounted in the 100 t, UTM and tensile load was ap-
plied in increments of 1.0 kN, ( fig .9).

At each increment of load the elongation of the Specimen over
the gauge length was observed using the Demec gauge and
the readings were tabulated. The loading was continued till the
specimen failed. The Cracking load and Ultimate failure load
were recorded. The testing procedure was repeated for all the
specimens. Fig. 10 shows the typical failure of a tension speci-
men.

Table 5 shows typical load - elongation measurements re-
corded for the specimen with volume fraction of 1.18%.

Fig. 9 Loading arrangement of tension test

Fig. 10 Failure pattern of tension test
specimen

Table 5. Ferrocement tension test result for double layer
(V, 1.18%)

Table 4. Flexure test measuremment of ferrocement panel q Stress |
. _ L E ti Strai
with two layer mesh (V= 0.78) sl No ( kll)\T é)i ( lj / ; n(l)rxrll%a ion S 1;(1)1131 Remarks
mm?)
Mid span 1 00 [0.000 |0.000 0.000
SINo |Load (kN) deflection (mm) Remark 2 1.0 ]0.333 _ |0.020 0.13
3 2.0 0.661 0.033 0.22
1 0.00 0.000 4 3.0 1.000 0.053 0.35
2 1.58 0.073 5 (40 1333 [0.073 0.49
3 2.58 0.197
2 3.58 0573 6 |50 |1.667 [0.103 0.69
5 4.58 1.601 7 6.0 [2.000 |0.77 512 Crack Occurs
6 5.58 5.050 Initial Crack
7 6.08 8.550 Failure 8 7.0 2.333 1.35 8.98
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9 8.0 2.667 2.17 14.47

10 9.0 3.000 3.364 23.26 Fracture

6. Presentation and Discussion of Results

From the measurements made during the flexure test and ten-
sion test, relevent plots are drawn and required quantities are
determined, presented and discussed.

It is to be expected that as the volume fraction of (V) FC ele-
ments changes , all quantites such as ultimate load, ultimate
deflection , modulus of elasticity (ductility etc) also vary. i.e the
performance of the FC elements vary. Hence to quantify this,
Performance Evaluation Factor (PEF) for each quantity indicat-
ing increase in the quantity considered for higher V, (2, 3& 4
number of meshes) in terms of the same quantity for minimum
V, adopted (single mesh) is defined as follows.

(uantiry cerresparding taspecinenwith 2134 Leyers ol mash e higher VI

PEF for any quantity = — ; Pr—— =
- . Sarre sy restied by specien with oee layar of mech |e sl e W

For example PEF for ultimate load under flexure for specimen
with 2 layers of mesh is given by

UUhireats lnad under Sevore resisted by spacimi
UHtirmate lozd under Aesairs resisted by specm:

with 2 layers of mesh

PEF far uitimate Jozd =

with ane laver of mesh

6.1 Flexure Test

From the recordings of load and corresponding centre span de-
flection (maximum deflection) throughout the loading range ,the
load verses deflection plots are obtained for the four catego-
ries (V,) of the specimen considered. Table 4 shows typical load
deflection measurement. Fig.11(a-e) depict the load-deflection
plots obtained for specimens with different volume fraction (V,)
of 0.63, 0.78, 0.93 and 1.08.

6.1.1 Load - Deflection Behaviour

Fig. 11a to 11d show separately the load-mid span deflection
under flexure of FC slab elements with different volume frac-
tions of reinforcement namely 0.63, 0.78, 0.93 and 1.08 and fig.
11e shows the combined behaviour. These figures show that the
behaviour for a particular volume fraction and the overall be-
haviour for the different V, considered have similar trends.
The behaviour consists essentially of three zones, initial straight
portion in the elastic range, second straight portion indicating
elasto-plastic zone, and the later straight portion up to failure,
wherein, for any small increment in load, large deflections are
encountered indicating yielding of steel meshes. No drooping
down of the curves is observed.

Table 6 reports the values of yield load (load at which the con-
tinuous yielding of the specimen commences (end of second
straight portion), ultimate load and ultimate deflection for the
flexural specimens with different V, tested. Table 6 also reports
the Performance Evaluation Factor (PEF) for ultimate load and
PEF for E calculated as explained in Sec.6.1. 2

Single Layer Besh

Lead (k)

' 1 is 1 s L3
DePlecthon [mm)|

a. Single layer mesh (V= 0.63%)
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Double Layer Mash

Load (kN)

& L} [ ] 19
Deflection|mm)
b. Double layer mesh (Vf=0.78%)

Three Layer Mesh

Load (kN)

] . 4 & i 10
Deflection|mm)

c. Three layer mesh (V£=0.93%)
Four Layer Mesh

2 i E E L 1

Defloction[mm])

d. Four layer mesh (Vf=1.08%)

Combined all layers
q
i
F 4
E 5 e L
H = bl e
5
N a— Thagst eyt
i iz L
2 I Ll L] L] 10 1
Deflection |mm

e. Comparison of behaviour of different layers of Vf %

Fig. 11 Load- deflection behaviour under flexure of F.C ele-
ments with different volume fraction
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Table 6. Ultimate load , modulus of elasticity and their PEF
of FC elements for flexure

Vol- . Modulus |Performance
sl 113[(;:}{ ume ];to ad Elatllt_e of Evaluation Factor
frac- . Elastic- |(PEF) for
No |Lay- | Yield |Load |[;
ion KN) [(kN) ity (E )N/ _
ers (%) ( mm? Ultimate E
Load l
1 Single |0.63 3.50 |4.58 17812.58 [1.000 1.00
2 El‘;“‘ 078 |3.80 [6.08 |18082.39 |1.33 1.02
3 [Three |0.93 3.80 |6.58 18653.26 |1.44 1.05
4 |Four [1.08 4.50 [8.58 23805.34 [1.87 1.34

As can be expected, as the number of mesh layers or V, in-
creases, there is considerable enhancement in load and deflec-
tion. The ultimate load varies for 4.58 kN to 8.58 kN and ultimate
deflection varies from 3.34 mm to 11.35 mm as V, varies from
0.63% to 1.08%.The PEF for ultimate load ( i.e increase in ulti-
mate load of FC panel with 2,3 and 4 layers of mesh (higher V)
in comparison to that of specimen with single layer of mesh (
least V,) of specimens are found to be 1, 1.33, 1.44 and 1.87 for
V., % of 0.63, 0.78, 0.93 and 1.08 respectively.

Similarly PEF for Ultimate deflection (i.e increase in Ultimate
deflection of slabs with 2,3and 4 layers of mesh in comparison
to that of single layer of mesh) are found to be 1, 1.28, 2.62 and
3.23 respectively , which are generally higher than that of ulti-
mate load.

6.1.2 Modulus of Elasticity

For a simply supported member, subjected to two point load-
ing at one third span points (fig.12) the maximum deflection is
given by

_ EL3 (1
5635 EfT

Where P= ultimate load N

L = length of specimen between centre of supports, mm
E; = modulus of elasticity N/mm?*

I = moment of inertia, mm*

d=deflection at centre of span, mm

From equation.1 Modulus of elasticity in N/mm?

100013 .,
Eg=——r7 (P/3) b)

Where, (P/) is obtained from the initial straight line portion of
load-deflection curves (fig. 11) in kN/mm.
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Fig .12 Flexure test details
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E, values obtained for panel elements with different volume
fraction of reinforcement are listed in table 6. It is seen that E;
varies from17488.99 to 22303.78 N/mm? as V, varies from 0.63 to
1.08. The PEF for E, are found to be 1.02, 1.05 and 1.34 for V, =
0.78, 0.93 and 1.08 respectively.

6.1.3 Ductility of Slab Elements

From the load- deflection behaviour (fig. 11) it is seen that the
slab elements exhibit large ductility imparted mainly by the rein-
forcement present.

The ratio of ultimate deflection to deflection at yield is calcu-
lated as the deflection ductility of different specimens and indi-
cated in table 7. Here to be conservative yield deflection is taken
as the deflection corresponding to upper point of the second
straight portion of load-deflection behaviour depicted in fig. 11.

From table 7 it is clear that the ferrocement slab elements have
high ductility varying from 4.18 to 13.5 as V, increases from
0.63 to 1.08.

The PEF for ductility are found to be 1.28, 2.62 and 3.23 for
panel with 2, 3 and 4 layer mesh containd Ferrocement slab el-

ements.

Table 7. Ductility of FC elements under flexure

Noof |Vol. Deflec- Ultimate .. |PEF for
Sl . tion . Ductil- .

Mesh Fraction ] Deflection |. Ductil-
No || "avers (%) at Yield (mm) ity ity

v (mm)

1 |Single [0.63 0.80 3.34 4.18 1.00
2 |Double [0.78 1.60 8.55 5.34 1.28
3 |Three 0.93 0.80 8.74 10.93 2.62
4 |Four 1.08 0.84 11.35 13.50 3.23

6.2 Tension Test

Incremental tensile loads applied and the corresponding elon-
gation measured over the gauge length by the Demec gauge
were recorded for each specimen. Using the readings, longitu-
dinal stress verses longitudinal strain graphs were plotted and
are shown in figure 13a to 13e.

6.2.1 Stress- Strain Behaviour

The stress -strain plots of the specimens under tension are
depicted in figure ( 13a-to 13d) for the four V, values consid-
ered. 'The trend of behavior for all V, are similar with intial
straight portion, a small initial yield zone and the strain hard-
ening zone. This is similar to the stress- strain behavior of steel
and hence, the tensile behaviour of FC can be said to be con-
trolled by the magnitude of reinforcement present. Higher the
V, , higher the ultimate load resisted and larger the ultimate
tensile strain. Specimen with higher V, also exibit slightly ex-
tended strain hardening zone as is evident from fig. 13d. Fig.
13e shows the comparitive stress strain plots of all specimens
tested.

Table 8 reports the values of yield stress, ultimate stress and
the corresponding PEF for ultimate stress & ultimate strain,
as well as values of modulus of Elasticity (E,) discussed in Sec
6.2.2.

It can be seen that the PEF for ultimate stress are 1.13,1.25,
and 1.38 respectively, for V, = 1.18, 1.28 and 1.38,
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Fig. 13 Stress- strain behaviour of F.C elements with differ-
ent volume fraction under tension

Research Paper

Table 8. Modulus of elasticity and different PEF under ten-
sion test

Performance
. . |Modulus |Evaluation
No of V0" |yjerg VIt ULt )¢ Factor (PEF)
Sl [Mesh Stress > |Elastic- |for
frac- stress |Strain |,
No |Lay- |;. (N/ 5 ity (E)
ers |tion mm?) (N/ n |10 N/mm? Ulti
(%) mm?) 1-
mate (E,
stress
L 1.06 |1.67 |(2.67 |21.42 |21413.27(1.00 1.00
Single
2 bDl(éu- 1.18 |2.00 |[3.00 23.26 |27371.67|1.13 1.28

3 |Three[1.28 [2.00 |3.33 [26.02 |28479.67 [1.25 1.33
4 |Four [1.38 |2.00 |3.67 |27.64 [29753.91 |1.38 1.39

6.2.2 Modulus of Elasticity under Tension

The slope of the initial linear portion of the stress strain curve is
calculated as the modulus of elasticity under tension. The cal-
culated E, values for different V, are tabulated in table 8 and
varies from 21413.27 N/mm?® to 29753.91 N/mm? for V, = 1.06
to 1.38.

It is clear that provison of more number of meshes increases
the stiffness of the element and hence E is maximum for the
specimen with maximum V, adopted. In terms of speciemen
with single layer of chicken mesh, E, values increase by 1.28, 1.33
and 1.39 times respectively for specimens with 2, 3, and 4 layers
of chicken mesh.

6.2.3 Ductility

Table 9 shows the values of ductility calculated for tension
specimens with different V. The ductility is calculated as the
ratio of ultimate strain to yield strain. FC pecimen under ten-
sion have enormous ductility varying from 4.51 to 8.46 asV,
varies from 1.06% to 1.38% .The PEF for ductility represented in
table 9 shows that enhancing V, from 1.06 to 1.18,1.28 and 1.38
results in PEF for ductility of 1.01, 1.04 and 1.88 respectively.
Ferrocement specimens have large ductility which makes fer-
rocement as a suitable material under earthquake loads.

Table 9. Ductility for different V, under tension
Vol.

Sl |No of Frac- ’Sﬁd‘.i gltimate Ductil- EEF f(l)r

No [Mesh Layers |tion 131_.? mn lgf mn ity Ductil-
(%) ity

1 Single layer |1.06 4.75 21.42 4.51 1.00

Double
layer

2
3 |Three layer [1.28 5.53 26.02 4.71 1.04
4  |Four layer |1.38 3.27 27.64 8.46 1.88

118 5.12 23.26 4.54 1.01

7. General Discussion

The variations of E and Ductility with V| of FC elements under
bending are compared with corresponding variations under ten-
sion.

Table 10. Comparison of normalised values of V, and E

Vol. .
Fraction ?/Iodulus of Elastic- Eﬂ / Vf EL / Vf Ductility
st |(%) ty
No
Flex- Ten- |Flexure |Tension . Flex- |Ten-
ure . Flexure Tension .
sion |(E,) (E) ure |sion

1 [0.63 (106 |17812.58 [21413.27 |28273.94 |20201.19 |4.18 |4.51

2 (0.78 |1.18 [18082.39 |27371.67 (23182.55 (23196.33 |5.34 |4.54

3 093 |1.28 [18653.26 |28479.67 (20057.27 (22249.74 |10.93 |4.71

4 [1.08 [1.38 |23805.34 (2975391 |22041.98 |21560.80 |13.50 |8.46
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7.1 Comparision of Variation of E under Flexure and Ten-
sion

Fig. 14(a) displays the comparison of variation of modulus of
elasticity under flexure (E;) and tension (E,) of FC elements test-
ed for different V. It is seen that there is a slight increase in E|
with increase in V,where as the rate of increase in E, because of
increase in V, values is considerably higher than flexure speci-
mens. For the only common value of V, = 1.08% of flexure (1.06%
in tension) E_ is found to be 10.05 % higher under flexure (E )
than under tension (Et). Magnitude of E, exceed E; because of
the higher magnitude of V..

Because the V| values adopted for flexure test and tension test
are different, the E values obtained from two tests i.e E; and Et
are normalised by dividing each E value by corresponding V.
Such normalised values for each test obtained are shown in ta-
ble 10. It is interesting to see that the E /V, and E /V, values are
almost equal. The average value for flexure test (= 23235.5 ) and
for tension test (= 21802.02) differ by only 6.17%.

7.2 Comparison of Variation of Ductility with V, of FC Ele-
ments under Flexure and Tension
The variation with V, of ductility of FC elements under flexure
and tension are depicted in fig. 14b.

It is seen that FC elements have high ductility in general and
that shown by FC flexural elements are higher than that of ten-
sile elements (table 10 and fig 14b). The normalized values of
ductility i.e. ductility per unit V, are shown in table 11. It is seen
that ductility per unit V, values of FC element under flexure are
higher than that under tension. The difference in these values
may be because of the changes in position of mesh layers with
respect to applied load.

Tension test and bending test
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Fig 14. Flexural and tension test results of volume fraction
verses modulus of elasticity

8. Conclusions
Ferrocement elements of sizes convenient for flexure test and
tension test were tested respectively under flexure and tension
and the load-deflection behaviour, modulus of elasticity and
ductility are determined. The results obtained lead to the follow-
ing conclusions.

The load-deflection behaviour of Ferrocement elements under

Volume : 5 | Issue : 4 | Apri

flexure and under tension can be idealised to consist of three
straight lines, Elastic zone, elesto plastic zone and plastic zone.

The ultimate load, ultimate deformation, modulus of elasticity
and ductility of FC elements under flexure and tension increase
with increase in volume fraction.

Under flexure, as Vf increases by 1.71 times, the ultimate load
increases by 1.87 times , E increases by 1.34 times and ductility
increases by 3.23 times.

As Vf increases by 1.3 times , the ultimate strength, E and duc-
tility under tension increase by 1.37, 1.34 and 2.62 times respec-
tively.

The average value of modulus of elasticity per unit volume frac-
tion of FC elements under flexure and tension are almost equal
varying by only 6.16 %.

The ductility of FC elements under flexure is higher than that
under tension.
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