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ABSTRACT:- The growing need for cheaper construction is much-discussed subject.
Prefabricated ferrocement panels present a series of possibilities for the solution of
construction problem. By using the unique properties of ferrocement with a relatively low
amount of reinforcement, be composite floor and wall panels can assembled into an effective
multi-purpose panel system. The major advantages of this system over current construction
methods are mainly due to the reduction in structural dead load and the use of fewer building
elements, which are much easier to handle.
In the present investigation, two ferrocement channel-like beams to form I-cross
section beam and four ferrocement plates are cast and tested due to flexural loading. The
structural behaviour was monitored by reading the deflection and by observing the crack
patterns. The measured values of deflections and the observations made indicated that
ferrocement can be used in construction of buildings.
Keywords:- construction, structural, ferrocement.

INTRODUCTION
It has become necessary to seek for structural building elements, which have the
structural phenomena of prefabricated elements in terms of ease of handling, light, minimum
maintenance and low cost. It is with these in mind, elements of a structural system are made
from ferrocement.
Ferrocement has been developed mainly during the past twenty five years and yet has
reached a very advanced stage in technique and design. A considerable amount of laboratory
testing research and prototype constructions have been completed at the Building and
Construction Engineering Department of University of Technology, Iraq for the production
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of ferrocement members that would be used in the roof /floor/wall of building/housing.
The use of ferrocement in pre-fabricated buildings provides many advantages in terms
of lightness of weight, ease of handling, low labour cost (skilled and non- skilled) in its
production and a durable material requiring little maintenance. Evidently, for these reasons
ferrocement has gained advantage over other reinforced concrete and steel structures.
Ferrocement is characterized by fine diameter mesh reinforcement (ø), 0.5 ≤ ø ≤1.5mm
and mesh size (S), 6 ≤ S ≤ 25mm. The surface area per unit volume of mortar may be as
much as ten times that of conventional reinforced concrete. The volume fraction of
reinforcement normally lays between 2% ≤ V f ≤ 8% for balanced, bidirectional meshes.
Conventional mortars use sand-cement ratios of 1 to 3 and water-cement ratios of 0.35 to 0.5.
Regular reinforcing bars in a skeletal form are often added to thin wire meshes in order
to achieve a stiff reinforcing cage.
In the present work, an experimental investigation on ferrocement channel-like beams
and ferrocement square slab specimens were carried out. These beams having channel-like
cross-section and square slabs can be used as flooring and roofing structural members. The
main aim of this research was to study the behaviour and strength of ferrocement I beams and
slabs subjected to flexural loads. The influences of parameters considered in the present
investigation are number of layers and thickness of the slab specimens1-29.

EXPERIMENTAL WORK
In order to study the structural behaviour and ultimate strength of ferrocement I cross
section beam models by having two ferrocement channel-like cross section beams when
subjected to point load. Each of the two channel beams is to be rotated 90 degrees and fixed
back to back. Other two ferrocement channel beams were considered to support the slab
specimens during their flexural tests. The four ferrocement channel-like cross section beam
models were cast and tested, in which each of the four channel beams having a total length
equal 2 meter were fabricated using the timber and play wood as formworks. The cross
sectional dimensions and reinforcing details are shown in Figure 1.
In addition, slab specimens S1 to S4, are square having overall dimensions of 500x500
mm. Specimens S1 and S2 are 20 mm thick, whereas S3 and S4 are 30 mm thick. Specimens
S1 and S3 have two mesh layers while specimens S2 and S4 have four mesh layers.
Hexagonal wire mesh with diameter of 0.7mm is used for both slab specimens and
beam models. The moulds of slab specimens consists of a flat steel plate of which angle iron
pieces having out-standing leg of 20 mm or 30 mm have been bolted to get square inside
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dimensions of 500x500 mm. Ink markings have been made all-round the inside periphery of
the mould to indicate location of the mesh layers. The top surface has been levelled off by a
trowel.
For ferrocement beam models, skeletal smooth mild steel bar with an average diameter
of 5 mm is used. The details of cross section of the two beams considered are shown in
Figure 1.
Several strands of wires were taken from the mesh with samples of mild steel bar and
tested in tension. The average value of the yield stress (fmy), ultimate stress (fult), and the
modulus of elasticity (Es) calculated from the tests of wire meshes and mild steel bars are
given in Table (1).
Ordinary Portland cement and sand passing through BS Sieve No.7 and conforming to
Building Code Recommendations for ferrocement (IFS 10-01)1 were used throughout.
The mix proportion of sand: cement used in casting the ferrocement slab specimens and
beam models was 2:1 by weight with water: cement ratio of 0.45.
The mesh layers for the beam models were stretched, straightened and bounded to the
skeletal reinforcement using mild steel binding wires.
All the materials required were weighed carefully, and then mixed in a mechanical
mixer. Sand and cement were first mixed for 1 min, then water was added and mixed for 2
min. The mortar was forced into the mesh reinforcement with trowels. No mechanical
vibrators have been used during casting. The slab specimens and beam models have been air
dried for 24 hours, then in a water tank 28 days at room temperature of about 30 oC and
finally taken out of the water tank and kept in the open at room temperature before testing
them.
Since it was necessary to carry out test on each model, it was important to establish a
cube and cylinder mortar compressive strength (ƒcu) and (ƒ’c), modulus of rupture (ƒ r),
modulus of elasticity (E m) and Poisson’s ratio (). Thus a number of control specimens were
made, as given in Table (2). These tests were in accordance with BS 1881.
Test samples were taken directly from the material used for casting slab specimens and
beam models. Curing condition of test samples and models were the same. The results of the
control slab specimens and beam models tested are given in Table (3).
The lateral deflections were measured using dial gauges graduated in units of 0.01 mm.
The positions of these dial gauges are shown in Figure 1.

Diyala Journal of Engineering Sciences – Special Issue

239

First Engineering Scientific Conference-College of Engineering –University of Diyala, 22-23 Dec. 2010
STRUCTURAL BEHAVIOUR OF FERROCEMENT SYSTEM FOR ROOFING

TESTING PROGRAM
As it was mentioned earlier that the present investigation concerned first of studying
the structural behaviour of ferrocement I-section made of two ferrocement channel-like crosssection beams under flexural load by means of patch load at mid-span as shown in Figure 1.
The beam models and slab specimens were tested in a 2450 kN capacity hydraulic
Avery-type testing machine. Hinged end conditions were considered. All beam models and
slab specimens were painted white before testing so that cracks would be easily observed.
First, the (I) beam model was positioned on the support with a clear span of 1.8 m, so
that the following criteria are satisfied:
i. To restrain all the end movement of the beam model.
ii. To restrain the rotations about the longitudinal axis.
iii. To permit free rotations of the end beam model normal to their plane, i.e., about the
transverse axis.
Having placed and accurately aligned the I-section beam in testing machine, 100 mm
square steel plate of 5 mm thickness was placed in its position and the load was applied as
shown in Figure 1. The dial gauge was fixed at its appropriate location and the initial reading
of dial gauge was recorded at the beginning of the test. The dial gauge readings were taken at
least 2 min after each load increments to allow for the reading to become stable, and crack
initiation was marked. The load application was continued until deformation became
excessive.
The load was applied in increment of 10 N in a 2450 kN capacity hydraulic Avery-type
testing machine and mid-span deflections were measured. The applying load was continued
until failure occurred.
The second test program was carried out by applying central patch loads to the
ferrocement slab specimens. Each slab specimen has been tested with its two edges simply
supported over a span of 300 mm as shown in Figure 2. Ferrocement beams which are rotated
by 180 degrees are used as simply supports. The load from a universal testing machine has
been applied over patch load of square size 100 mm. The central dial gauge was fixed and the
initial reading of dial gauge was recorded at the beginning of the test. The load was applied in
increment of 10 N and central slab deflections were measured. The applying load was
continued until failure occurred.
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RESULTS
1. In Figure 3 the measured deflection values versus applied loads for the I-beam model
are plotted.
2. It may be seen that the load-deflection curve for beam model is linear up to ultimate
(failure) load.
3. The ferrocement I-beam was cracked at the web at each of bolt position and the cracks
pattern are shown in Figure 4. The failure of the ferrocement I- beam occurred first by
having fine cracks in the webs at the bolts position, then the length of cracks and their
width were increased. It was noticed that there was no sign of cracks at flanges.
4. For slab specimens, in general, all slabs were cracked at the middle along the width
(one way action):
5. Slab specimen having 20 mm thick with 4 layers of wire mesh (S2), the failure
occurred on the slab specimen with a total load of 30 N. The crack pattern is shown in
Figure 5.
6. It was noticed before testing, cracks were exist for slab S1 (20 mm thick, with two
layers of wire mesh), So that, the test was neglected.
7. Slab specimen S3, the ultimate load was 20 N. The crack pattern is shown in Figure 6.
8. Slab specimen 30 mm thick with 4 layers of wire mesh (S4), the failure occurred on the
beams along the span (beam action). The failure load was 64 N with fine cracks at slab
specimen as shown in Figure 7.

CONCLUSIONS
This investigation has shown that, for low cost housing, the proposed ferrocement
flooring and roofing system can be satisfactorily used as housing components.
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Table (1): Properties of wire mesh and skeletal reinforcement.
Wire mesh

*

0.7 mm dia.

Smooth steel bar
5 mm dia.

Yield stress (fmy)*, (N/mm2 )

300

510

Standard deviation

8.2

12.8

Ultimate Strength (fult ), (N/mm2)

520

582

Standard deviation

18.6

17.5

Modulus of elasticity (E s) (N/mm2)

67000

198820

Standard deviation

126

287

The yield strength was selected as the stress corresponding to a total strain of 0.005.
Table (2): Details of the control specimens.
Compressive strength
Test type

Modulus of
Rupture, ƒr

ƒ’c

ƒcu

Number

Three

Three

and size of the
specimens

100x200 mm
cylinders

100 mm
cube

Modulus of
elasticity, Em and
Poisson’s ratio, v

Three

Three

100x100x400
mm

150x300 mm
cylinders

prisms

Table (3): Test results of control specimens.
Mortar 2:1 sand : cement
Wall No.

W1
W2
W3
W4
Av

Compressive strength
(N/mm2)
ƒ’c

ƒcu

39.55
39.9
39.32
36.42
38.79

40.12
42
42.5
40.65
41.31

Modulus of
rupture, ƒr
(N/mm2)
2.8
2.81
2.85
2.83
2.82

Modulus of
elasticity, Em
(N/mm2)
27562
27956
27836
27230
27646
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Possion’s
ratio, v
0.24
0.236
0.234
0.2
0.2275
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All dimensions are in mm
Fig.(1):Details of cross section of the tow beams.

Fig. (2):Tow edges simply supported beams.
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Fig. (3):Measured deflection values versus applied loads .

Fig. (4):Bolt position and the cracks pattern.

Fig.(5):The crack pattern (S2).
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Fig.(6): The crack pattern (S3).

Fig.(7):The crack pattern (S4).
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اﻟﺳﻠوﻛﯾﺔ اﻹﻧﺷﺎﺋﯾﺔ ﻟﻧظﺎم ﺗﺳﻘﯾف ﻣن اﻟﻔﯾروﺳﻣﻧت
د .واﺋل ﻧوراﻟدﯾن اﻟرﻓﺎﻋﻲ

د .ﻣﯾﺳر ﻣﺣﻣد ﺟﻣﻌﺔ

ﻗﺳم اﻟﻬﻧدﺳﺔ اﻟﻣدﻧﯾﺔ_ﻛﻠﯾﺔ اﻟﻬﻧدﺳﺔ_ ﺟﺎﻣﻌﺔ ﺗﻛرﯾت

ﻗﺳم اﻟﻬﻧدﺳﺔ اﻟﻣدﻧﯾﺔ_ﻛﻠﯾﺔ اﻟﻬﻧدﺳﺔ_ ﺟﺎﻣﻌﺔ ﺗﻛرﯾت

ﻣدرس

أﺳﺗﺎذ

اﻟﺧﻼﺻﺔ
ان زﯾـﺎدة اﻻﺣﺗﯾـﺎج إﻟـﻰ وﺣـدات ﺳـﻛﻧﯾﺔ واطﺋـﺔ اﻟﻛﻠﻔـﺔ ﺗﺗطﻠـب إﯾﺟـﺎد أﻧظﻣـﺔ إﻧـﺷﺎﺋﯾﺔ ﺟدﯾـدة ﺗﺗﻣﯾـز ﺑﺄﻧﻬـﺎ اﻗﺗـﺻﺎدﯾﺔ ﻣـﻊ
اﻟﺣﻔﺎظ ﻋﻠﻰ ﻣﺗطﻠﺑﺎت اﻟﻣﺗﺎﻧﺔ وﺳرﻋﺔ اﻻﻧﺟﺎز واﻹﯾﻔﺎء ﺑﺎﻟﻣﺗطﻠﺑـﺎت اﻟﺑﯾﺋﯾـﺔ .وﺑـذﻟك أﺻـﺑﺢ ﻣـن اﻟـﺿروري اﻟـﺳﻌﻲ ﻓـﻲ إﯾﺟـﺎد
ﻋﻧﺎﺻـر إﻧــﺷﺎﺋﯾﺔ ﻣــﺳﺑﻘﺔ اﻟــﺻﻧﻊ ﺗﻣﺗــﺎز ﺑﺧﻔــﺔ اﻟــوزن وﺳــﻬوﻟﺔ اﻟﻣﻧﺎوﻟــﺔ واﻟﺣــد اﻷدﻧــﻰ ﻣــن اﻟــﺻﯾﺎﻧﺔ واﻟﻛﻠﻔــﺔ اﻟواطﺋــﺔ .ان اﻟﻛﻠﻔــﺔ

اﻟواطﺋﺔ وﻣﺗطﻠﺑﺎت اﻟﻌﻣﺎﻟﺔ ﺗﺟﻌـل اﻟـﺳﻣﻧت اﻟﺣدﯾـدي ﻣـﺎدة إﻧـﺷﺎﺋﯾﺔ ﺗﻔـﻲ ﺑﺎﻟﻣﺗطﻠﺑـﺎت اﻟﻣـذﻛورة ﻟﺑ ﻧـﺎء ﻣﺟﻣﻌـﺎت ﺳـﻛﻧﯾﺔ وﻣﻧـﺷﺎت
ﺧدﻣﯾﺔ .وﻗد ﺗم اﺳﺗﺣداث ﻧظﺎم اﻧﺷﺎﺋﻲ ﺣدﯾث ﻟﺗﺷﯾﯾد اﻟﻣﺑﺎﻧﻲ ﺗﻛون ﻋﻧﺎﺻرﻩ اﻻﻧﺷﺎﺋﯾﺔ ﻣﺻﻧﻌﺔ ﻣن ﻣﺎدة اﻟﻔﯾروﺳﻣﻧت.
ﯾﻌد اﻟﻔﯾروﺳﻣﻧت اﺣد أﻧواع اﻟﺧرﺳﺎﻧﺔ اﻟﻣﺳﻠﺣﺔ اﻟرﻗﯾﻘﺔ ﯾﺗم ﺗﺳﻠﯾﺢ ﻣوﻧﺔ اﻟﺳﻣﻧت ﻓﯾﻪ ﺑطﺑﻘـﺎت ﻣـن اﻟﻣـﺷﺑﻛﺎت اﻟـﺳﻠﻛﯾﺔ
ذات أﻗطـﺎر ﺻــﻐﯾرة ﻧـﺳﺑﯾﺎ ﻣوزﻋــﺔ ﺑـﺷﻛل ﻣﻧــﺗظم ﺧـﻼل اﻟﻣﻘ طــﻊ اﻟﻌرﺿـﻲ .وﻟﻠﻔﯾروﺳــﻣﻧت ﺗطﺑﯾﻘـﺎت واﺳــﻌﺔ وذﻟـك ﻟﺗـواﻓر ﻣـوادﻩ
اﻟﺧﺎم اﻷﺳﺎﺳﯾﺔ ﻓﻲ ﻣﻌظم اﻟﺑﻠدان .ان ﻫذا اﻟﻧظﺎم اﻹﻧﺷﺎﺋﻲ اﻟﺣدﯾث اﻟذي ﻫو أﻛﺛر اﻗﺗﺻﺎدﯾﺎ ﻣن اﻷﻧظﻣﺔ اﻹﻧﺷﺎﺋﯾﺔ اﻷﺧرى
ﯾﻌﺗﻣد ﻋﻠﻰ ﻋﻧﺎﺻر إﻧﺷﺎﺋﯾﺔ ﻣﺳﺑﻘﺔ اﻟﺻﻧﻊ.
ان اﻟﺗﺣرﯾــﺎت اﻟ ﻣــذﻛورة ﻓــﻲ ﻫــذا اﻟﺑﺣــث ﺗــﺿﻣﻧت ﺗــﺻﻧﯾﻊ وﻓﺣــص ﺳــت ﻋﺗﺑــﺎت ﺑﻣﻘــﺎطﻊ ﻋﻠــﻰ ﺷــﻛل ﺳــﺎﻗﯾﺔ وأرﺑﻌــﺔ
ﺻــﻔﺎﺋﺢ ﻣــﺻﻧﻌﺔ ﺟﻣﯾﻌﻬــﺎ ﻣــن اﻟﻔﯾروﺳــﻣﻧت واﻗﻌــﯾن ﺗﺣــت ﺗــﺄﺛﯾر أﺣﻣــﺎل ﻋرﺿــﯾﺔ .وﻟﻘــد اﺛﺑﺗــت اﻟﻔﺣوﺻــﺎت ﻣــن ﺧــﻼل ﻗ ﯾــﺎس
اﻻﻧﺣراﻓﺎت ان اﻟﻔﯾروﺳﻣﻧت ﯾﻣﻛن اﺳﺗﺧداﻣﻪ ﺑﺷﻛل ﻓﻌﺎل ﻓﻲ ﺗﺻﻧﯾﻊ ﻋﻧﺎﺻر إﻧﺷﺎﺋﯾﺔ ﻓﻲ ﺗﺷﯾﯾد اﻷﺑﻧﯾﺔ.
ﻛﻠﻣﺎت اﻟداﻟﺔ :إﻧﺷﺎء ،ﻫﯾﻛﻠﻲ ,ﻣواد ﻣرﻛﺑﺔ.
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