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Abstract-Ferrocement is a special type of reinforced corgia it exhibits different behavior than thath t
conventional reinforced concrete in performancesrgith and application. Also it is superior in dies like

crack control, impact resistance and toughnessoé@ment has very high tensile strength to weighibr Due

to its nature, original brittle material gets corted to superior ductile composite. This projectgants an
experimental study on Tensile strength and behaagpect of ferrocement in direct tension test. this

purpose total 36 panels are casted and testedrmt dension test. The main objective of theseeeixpental

tests is to study the effect of using different tens of wire mesh as well as by using steel filbgr&eeping
constant thickness on the tensile strength of éement. Test result shows that panels with morebeurof

layers exhibits greater Tensile strength as thatpared with same panels having less number ofdayfemesh
as well as panels with fiber mesh shows less etanga

Index Terms- Ferrocement, wire mesh, specific surface, voluraetiion, tensile strength, ultimate strength.
of Ferrocement. He noticed that ferrocement is, thin

1. INTRODUCTION flexible, elastic, and exceptionally strong as wesdl
capable of resisting impact. So after the Second

orld War, Nervi demonstrated ferrocement as a
k?oat—building material. Later he combined reinfarce
concrete with the Ferrocement technique and
constructed the famous Turin Exhibition Hall with a
roof system which spans 91 m. Afterwards in October
. : o 1976, an important development was the founding of
s_ol_utlons for repairs and rehablllta_tlon works. Man the Internatl?onal Ferroce?nent Information Cer?ter
civil structures are no I(_)nger con_splered safe e IFIC) at the Asian Institute of Technology, Bangko
overloadmg,_ under design of existing structures Gfpqiang. ACI Committee 549, Ferrocement and
lack of quality control. In order to maintain eféat Other Thin Reinforced Products, was organized in

serviceability, older structures must be repai.red 94974 and was given the mission to study engineering
strengthened so that they meet the same requireme operties, construction practices, and practical

demanded of the structures built today and in mtura plications of ferrocement and to develop guidsin
Ferrocement over the years have gained respect (. - ocement construction 1, 2]
terms of its superior performance and versatility. . 5 day Ferrocemeﬁt i,s being widely used

Considerable progress _in rese_ar_ch toward_s OleV«ijOpi\pvorldwide, especially in developing countries doe t
ferrocement as an efficient building material hasrb low labour cost and availability of basic material.

achieved in the last two decades. Its increassénas
a building material has motivated researchers and

engineers to study ferrocement structuedéments

and formulates design guidelines for them. 2. LITERATURE REVIEW

The concept of gmbedding reinforcemer_lt into wet Application of ferrocement has been recejvin
concrete to form reinforced concrete was first come

. ) cRnsiderabIe attention recently, as now a days
into existence due to a French gardener, Jose . . .
Monier. In 1849. he had introduced a mesh of iro verybody is looking for cost effectiveness as asll

rods into large planting pots. Wilkinson, introddce lI9ht weight construction.

reinforced concrete beams for buildings by usirdy ol

mining ropes in the tension side of the beams as a )
reinforcement. J. L. Lambot made a concrete rgwin Gangadharappa B. M. et al. [3] worked oghtti
boat by making use of wire network and interlacedVeight Ferrocement Subjected to Axial Tension , in
thin rods as a reinforcement. This was the firsf/hich they have used Blast furnace slag with sand
application of Ferrocement. But for almost 100 gearVhich is an effort towards prevention of pollution

the concept of Ferrocement was almost forgotten. (/€ to disposal of dangerous industrial waste.
the early 1940s, Pier Luigi Nervi observed unigusne Galvanized woven square mesh of 4 x 20 gauge with

Ferrocement is a slim and slender material but
the same time strong and elegant. It provides
potential solution to various problems in constiarct
of different types of shapes of structures, als@nvh
light weight of structure is expected speciallycase
of earthquake prone areas as well as provides ngrki
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6.35 mm diameter of wire is used. Also replacement. EXPERIMENTAL WORK
sand by BFS is kept in range of 0 %, 20 %, 35 %, 70

%. Five volume fraction had been used for total 6

layers. Mix proportion of 1 : 2 with water cement
ration of 0.5 was finalized for this work. Theytgo
result as replacement of 20 % of BFS has show
maximum increase in ultimate strength and furthe
increase in replacement of BFS to 35 % and 70 o

has shown decrease in ultimate strength. Ultimate In thi dv. all th . dividteo
strength of specimen is found to be directly " IS study, all the specimens were divi

proportional to the number of mesh layers. two major groups (1) Ferropanel without fiber (2)
Sayyed Shoheb Navid et al. [4] referingtteir Ferropanel with fiber and again sub divided into si

observations it can be concluded that Tensild@OUPS each according to number of wire mesh layers

strength increase due to increase in contact areﬁsed' The number of wire mesh layers used are

between wire meshes and mortar i.e. increases mngle, two, three, four, five and six layer.
specific surface of ferrocement. ) )
P. Paramasivam et al. [5] give thought fiece 41 Materials used for ferrocement specimen
on Tensile strength of Ferrocement by placing
bundled reinforcement near top, bottom and ay.1.1Cement Cement Ordinary Portland Cement JK
midsection. In this study they have used galvanizedement (Grade 43).

wire mesh having grid size 8.5 rAmand wire

diameter of 0.87 mm. The sand cement ratio of 1:54.1.2 Fine aggregates (sand) Uniformly graded
water cement ratio of 0.45 and rapitard of 40ml fo sand, passing through 2.36 mm I.S. sieve, free of

10kg cement was adopted for experimental workorganic matter and deleterious substances, reliative
They concluded that by doing such arrangement ofree of silt and clay.

mesh there is improvement in crack control and
hence durability of ferro-structures when subjed¢ted 4.1.3Water— Potable Water
direct tension.

~Shehab Eldin M. Mourad [6] investigated 4.1.4Admixtures- Perma PC-202 (@ 1% of weight of
the eff|C|ency of Conflnlng pIaln concrete with Cement) water reducing and self Compacting

different layers of welded Wire Fabric or Welded admixture is used to enhance mix plasticity and to
Wire Mesh in order to increase load -carryingreduce water content.

capacity. They used wire diameter of 0.94 mm and

grid size of 12 mm x 12 mm of welded wire mesh.4.1.5 Reinforcement- Galvanized Welded Square

Mortar of cement sand ratio 1 : 2 with water cemeniesh of 1.6 mm Diameter, (20 mm X 20 mm) mesh
ratio of 0.45 was selected for this job. In hisskvbe  opening.

found that Confinement of Plain concrete with

Ferrocement jacket provides remarkable lateral 1.6 Steel fibers- Corrugated type with aspect ratio

confinement pressure which increases axial loag/d=57). 0.5% of total weight of material used.
carrying capacity.

The experimental program includes preparing
and testing of ferrocement panels under Universal
H’esting Machine (UTM) in direct Tension. The
Iprimary variables were the number of layers of
eshes in panels and the use of steel fibers.

4.1.7Mix proportion— Cement sand ratio (1:1.75) by
weight, Water cement ratio (0.38). We finalized mix
3. OBJECTIVE OF STUDY design on trial and error basis. For this purpose
The main objective of these experimergsigis CONtrol cubes of size (70 mm x 70 mm x 70 jnm
to study the effect of using different numbers afew Were casted to achieve 50 Mpa compressive strength
mesh as well as by using steel fibers by keepin‘@'thOUt fiber and 51 Mpa with steel fibers.
constant thickness on the tensile strength 02

Ferrocement. .2 Test Specimen

The test specimens used in this study has a
Various parameters considered in this study are 4§iform thickness of 40 mm, as in case of tension

follows -: the load carrying capacity is independent of
. Effect of number of mesh layers on Tensilespecimen thickness because tatrix cracks
strength of composite before and does not contribute directly to

composite strength. [1]
» Effect of steel fibers on the tensile strength
of slab panels.
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For 300 mm of central length, 50 mm width is

kept constant. The width uniformly increases to  \esh pieces were cut down according to the size of
100 mm at each end over a length of 100 mm out  pane| leaving a cover of 3 mm on each side of panel
of total 200 mm left out part on either ends. and  y ysing wooden mould, as it was really a tougk tas
the increase is “streamlined”. The ends of the 5 cut down wire mesh specimen of required shape.
specimen are 100 mm x 50 mm constant over a |njtially rectangular shape was prepared and then
length of 100 mm. [3,5,6,7,8] This is shown in B A T TR

Figure 1.
i ; - :
100 g = SN z
— streamlined shape was finalized by using wooden
L 100 — mould which is shown in figure 2 and 3.
I —
—ob 50— ' i 3
£ = e
a—— a % _E o s ]
= Figure 2 Wooden mould prepared for specimen
5' = mesh cutting
. = Figure 3 Wire mesh specimen after cutting
e 100 — .
e — 45 Casting
} - While casting the mesh layers were placed in tbe te
100 specimen parallel to the direction of loading.
TTTTT j_ Specimens with varying no. of layers of mesh ad wel
— _.1— as varying usage of steel fibers were casted.
je— 100 40 Specially prepared steel moulds were
Front View Side View properly oiled before casting. At bottom a layer of
_ _ _ mortar was applied of thickness 2-3 mm followed by
Figure 1 Size of test Specimen layer of welded square mesh and again followed by
layer of mortar. The procedure continues for plgcin
4.3 Preparation of mortar rest of the layers of mesh so that uniform distidou

of mesh can be achieved. While casting panels 10 mm
Mortar was prepared by calculating the exact amourtia. oiled steel pipe pieces were inserted at batls
of cement sand and water. Initially cement and sanof panel for attaching grips at the time of testimbis
were mixed dry.Admixture of 1 % of weight of is shown from figure no. 4 to figure no 8.
cement is mixed thoroughly with water and theng—um . —
added to dry mix. Steel fibers with dosage of 0.5%  wm : —
total volume of composite were added. 50 % of steels
fibers were added in dry mortar and remaining 50 %+
after mixing of water for homogenous mix.

o™

4.4 Preparation of wire mesh specimen 3 :
Figure 4: Laying mesh in mould
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4.6 Curing

After 24 hours specimen were removed from mould
and kept for curing in normal water for next 28 slay
This is shown in figure 9.

Figure 9: Curing of specimens

- DR | 47 Testing

After removing specimen from curing tank white
wash was applied to the panels to get clear indicat

of the cracks during testing. Direct Tension test i
carried out on digital UTM of 200 kN capacity. For
holding specimens special attachments were used. To
hold specimen properly 10 mm diameter bars are used
to connect specimen with UTM so that it was possibl
for us to apply tensile force without eccentricitye

to which stress concentration is minimized. Thedloa
was applied in a direction parallel to the mestetay
The rate of loading is kept such that test is detap

in about 15 minutes. [2]

Figure 6: Placing mortar in mould

SERRARARLALRARLLS

LI T T T T

Figure 10: Experimental setup for Tension test

Figure 8: Casting of specimen
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5. TEST RESULTS AND DISCUSSIONS

Table No.1 — Test results of Square mesh without

steel fibers (S)

Sr. [ No.of | Volume | Specific | Average | Average | Tensile
No. |layers | fraction | surface | Ultimate |Ultimate | Strength
of Mesh Load (N) |elongatio| (Mpa)
1 (mm)
S1| 1 | 0302 | 1236 4320 433 L.73
S22 | 1005 | 2512 947 460 | 178
S3| 3 | 1507 | 3768 0423 330 377
S41 4 | 2010 | 3024 | 10700 120 | 428
S5 3 [ 2312 | 628 13170 170 327
S6| 6 | 3014 | 7336 | 13700 §.00 48

Table No.2 — Experimental values for composite of

Square mesh with steel fibers (SF)

G000

Sr. [ No.of | Volume | Specific | Average | Average | Tensile
No. |lavers | fraction | surface | Ultimate |Ultimate | Strength
of Mesh Load (N) |elongatio| (Mpa)
1 (mm)
SE-1f 1 | 0502 | 123 5027 227 201
SE2| 2 | 1005 | 2312 1707 457 5.08
SE3| 3 | 1307 | 3748 10720 3.03 429
SE4 4 | 2010 | 504 | 12120 370 ] 48
SE3| 5 | 2312 | 628 14987 143 19
SE6| 6 | 3014 | 7336 | 16013 197 641
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Figure 11: (a) — Graph of Number of layers Vs
Ultimate load for Specimen without fiber and
Specimen with fiber.

Figure 11: (b) — Graph of Number of layers Vs
Elongation for Specimen without fiber and Specimen
with fiber.

Figure 11: (c) — Graph of Number of layers Vs
Tensile Strength for Specimen without fiber and
Specimen with fiber.

After referring table no. 1 and 2, graphs 11(a)b)l1l
and 11(c) have been plotted. Results shows that
ultimate load carrying capacity, elongation as veall
tensile strength of ferrocement is directly projworal

to the number of mesh layers used. This is due to
tensile strength of wires of specimen. As Tensile
strength is directly related to volume fraction of
reinforcement which depends on number of mesh
layers provided in ferrocement along the loading
direction. This effect is observed in both categef

the specimens.
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[5] P. Paramasivam and R Sri Ravindrarajah,

Typical cracking patterns in direct tension test —

[6]

[7]

(8]

Figure 12: Failure pattern of specimen

In case of failure of specimens, crackeayb
appeared either in the normal or near normal
direction to the loading as shown in figure 12.

CONCLUSION

Ultimate load carrying capacity, elongation as
well as tensile strength of ferrocement composte i
directly proportional to the number of mesh layers
used. On other side elongation at failure also
increases when volume fraction increases. Usage of
steel fibers increase load carrying capacity as$ asl
tensile strength by about 10 to 17 % of strength of
specimens without steel fibers.
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