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ABSTRACT

This study will study the influence of several types of metal and non-metal mesh reinforcement
materials on the flexural behavior of reinforced concrete hollow-cored sections as a viable
alternative to traditional reinforced concrete sections. Compared with the traditional reinforced
concrete part, the weight of the test part is lighter. In order to strengthen these hollow-cored
sections, three types of steel mesh, Welded wire mesh, expanded steel wire mesh and tenax mesh
with various layers are used. An intensive experiment plan was carried out on the test samples.
Ten slabs with dimensions of 500 mm*2000 mm*120 mm were cast and tested until they failed
under flexural load. Record and observe the deformation characteristics and cracking behavior of
each sample during the loading process. According to the results, high ultimate load and
serviceability load, crack resistance control, high ductilty and strong energy absorption
characteristics have been obtained. This has the chance to be a true construction benefit to
developed and poor countries. The use of double-layer of expanded steel mesh as the additional
reinforcement of the main steel can achieve the best performance of the reinforced concrete
hollow-cored section.
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1. INTRODUCTION

Ferrocement is a type of reinforced concrete that
differs from traditional reinforced or prestressed
concrete principally in the distribution and
arrangement of reinforcing elements. It's made
up of many layers of mesh or fine rods that are
entirely embedded in cement mortar.
Ferrocement is a construction material with
obvious benefits for thin-walled components. The
ferrocement is recommended for curves and
folded thin elements with a rigidity owing to the
form rather than the quantity of the material due
to its properties. The use of ferrocement to
improve the flexural strength of defective
reinforced concrete elements is a promising
technology.

Concrete slabs are occasionally pre-cast with
voids to minimise self-weight and manufacturing
costs; these slabs are referred to as hollow core
slabs in the industry. Because of its appealing

advantages like as high quality, ease of
installation, high thermal and
acoustical insulation, superior fire resistance,

earthquake resilience, and the ability to provide
longer spans than standard solid slabs, it
is frequently employed in industrial and
residential buildings [1].

As a result, using ferrocement in hollow core
elements can significantly lower the elements’
self-weight. Furthermore, because the
reinforcement in ferrocement is consistently
applied over the full section of the hollow
components, the hollow core ferrocement
elements are often more ductile than hollow
conventional reinforced concrete units.

Ferrocement is up to 70% lighter than standard
concrete, making it a good choice for low-cost
buildings [2]-4].

In addition, ferrocement was described as a
material that resists quick failure while also
enhancing behaviour and failure mode by [5-7]
presented a literature assessment on
ferrocement as a construction material.

Due to its qualities, ferrocement can be utilised in
a variety of applications, including roofing
systems, retaining walls, sculptures, bus
shelters, bridge decks, maintenance work, water
infrastructure, and precast ferrocement pieces [8-
12].

When compared to traditional reinforced
concrete, many researchers have reported the
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benefits of ferrocement. Furthermore, extensive
test results are provided to establish its
performance criteria for structural element design
and repair [13-15]. These investigations led to
the conclusion that ferrocement has advantages
such as simplicity of prefabrication and low
maintenance and repair costs.

Swamy and Shaheen, [16] looked at the
extensive test data on the tensile behaviour of
12.5mm thick ferrocement plates. The study
indicated that the composite parameters of
elastic modulus and ultimate tensile strength
could be predicted quite accurately. However, a
single unique relationship could not adequately
predict the cracking behaviour over a wide
variety of mesh geometry. The composite
qualities of ultimate tensile strength and ultimate
flexural strength, on the other hand, have a
strong association. The study reveals that high
strength ferrocement sheets with high crack
resistance can be manufactured for a variety of
applications.

Furthermore [17] illustrated various attempts
have been made to improve the ductile
behaviour of ferrocement |-beams in order to
increase their practical utility.The comparison of
the real flexural capacity of the ferrocement I-
beam with additional layers of wire mesh in the
flange section to the theoretical analysis
computation.

Various materials were used in the design and
construction of the ferrocement channels.
Furthermore, using ABAQUS Unified FEA, an
appropriate mesh combination was found and
finite element FE models of the channels were
created [18].

Ferrocement researched the Structural Behavior
of Light Weight Ferrocement Walls and
developed sandwich panels for use as wall
bearing units. In comparison to traditional
reinforced concrete panels, the proposed panels
are lighter in weight [19] [20].

The flexural response of hollow high-strength
concrete beams when they were reduced in size
was looked into by [21]. The test results revealed
that the ductility of hollow beams with size
reductions of 16 percent and 28.4 percent was
higher than that of the reference solid beam,
while the ductility of a hollow beam with a size
reduction of 44.4 percent was equivalent to that
of the solid beam.

The influence of different types of reinforcement
on the flexural behaviour of ferrocement thin
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hollow core slabs with embedded PVC pipes was
studied utilising an experimental inquiry [22]. The
slab reinforced with simply macro steel fibres had
the maximum flexural strength, whereas the slab
reinforced with steel bars had the highest rigidity
and the lowest deflection of all the slabs tested.

An experimental Study on the Flexural Behavior
of Hollow Core Concrete Slabs was conducted
by [23]. The study indicates that the traditional
flexural capacity equation for solid concrete slabs
may accurately predict the flexural capacity of
hollow core concrete slabs byt 19 percent.
Hollow core concrete slabs also have much
superior load-deflection behavior and
serviceability than traditional solid concrete
slabs.

2. EXPERIMENTAL PROGRAM

The casting and testing of ten hollow-cored
sections with dimensions of 500 mm*2000
mm*120 mmispart of the experimental
programme. The main goal is to compare the
behavior of control panel reinforced with steel
bars to ferrocement panels reinforced with
welded galvanized steel mesh, expanded metal
mesh and tenax mesh in terms of ultimate load,
flexural  behavior, ductility ratio, energy
absorption and mode of failure. Skeletal steel
bars are utilized with welded galvanized,
expanded steel, and tenax meshes. Table 1
shows the Specifications of five designation
series, as well as the characteristics of the
experimental programme for all test specimens.
(Fig. 1) also shows the details of the tested
specimens' reinforcement.

3. MATERIALS PROPERTIES

¢ The fine aggregate utilized in the experiment
was natural siliceous sand. Its properties meet
the requirements of E.S.S. 1109/2008. With a
specific gravity of 2.6 t/m® and a modulus of
fineness of 2.7, it was clean and nearly impurity-
free.

* The cement used was Suez cement factory's
Ordinary Portland cement. It complied with
Egyptian Standard Specification E.S.S.4756-11
in terms of chemical and physical properties
(2012).

* In this study, silica fume (S.F.) was used to
improve the strength and permeability of the
mortar matrix. It was employed in mortar mixes
as a partial replacement for cement by weight.
The silicon dioxide concentration of the S.F. was
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93 percent, with an average particle size of 0.1
micrometre.

+ As a cement ratio, fly ash was employed. It
meets the chemical and physical requirements of
ASTM C618 as well as applicable international
fly ash quality standards. The specific gravity and
Blaine fineness of fly ash were 2.10 and
330kg/m?, respectively.

e Polypropylene fibres mesh e 300 was
utilised. In the Egyptian marketplaces, it was
available. It was added to concrete mixtures to
create a fibrous concrete jacket that improved
the properties of the concrete. Based on the
manufacturer's instructions, the percentage of
addition was set at 900 gm/m3. Table 2 shows
the technical characteristics and mechanical
properties of Polypropylene fibres e-300 provided
by the manufacturer, as illustrated in (Fig. 2).

+ The water used for mixing and curing the
ferrocement panels tested according to the
E.C.P. 203/2007 was pure drinking fresh water
free of contaminants.

* Super plasticizer was used as a highly
effective water-reducing agent and
superplasticizer for the production of high quality
concrete in hot climates. The admixture was
made under a commercial licence by CMB
GROUP. It complies with ASTM C 494 type F
(Subsequently type A), EN 934—2 and ES 1899.
The admixture is a brown liquid having a density
of 1.18 kg/liter at room temperature. The amount
of HRWR was 2.0% of the fine material's weight.

* Reinforcing steel: Normal mild steel bars from
Ezz Al Dekhila Steel - Alexandria were used. It
complies with Egyptian Standard Specification
E.S.S. 262/2011 in terms of chemical and
physical properties. Mild steel bars with a
diameter of 6 mm and a yield strength of 240
MPa were employed.

* Reinforcing meshes:

-Ferrocement sections are reinforced with
expanded steel mesh. Table 3 and (Fig. 2)
present the technical parameters and mechanical
qualities of expanded metal mesh offered by the
manufacturer.

-The welded metal mesh that was employed as
reinforcement for the ferrocement sections came
from China. Table 3 |lists the technical
parameters and mechanical qualities of welded
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Table 1. Details of tested specimens

Specimens Code of panels Reinforcement wire mesh Reinforcement details
designation Tension Steel bars, @ Compression Steel bars,d No. of Stirrups,
6 mm 6 mm 2 6 mm/m’

A o1 With fiber 6 6 6

02 Without fiber 6 6 6
B E1 One layer of expanded steel mesh 6 < Z R —

E2 Two layers of expanded steel mesh 6 [ J R —
C w2 Two layers of welded steel mesh 6 < J R —

W3 three layers of welded steel mesh 6 < J R —

w4 four layers of welded steel mesh 4 4
D M1 one layer of expanded steel mesh 6 < Z R —

+one layer of welded steel mesh

E T One layer of tenax LBO SAMP 6 L J R —

T2 two layers of tenax LBO SAMP 6 < J R —

Table 2. Chemical and physical properties of fiber mesh e-300

Fiber Type / Absorption Specific Electrical Acid &Salt Melt Ignition Thermal Alkali

Length Shape Gravity Conductivity Resistance Point Point Conductivity Resistance

Various Graded / Nil 0.91 Low High 162°C 593°C Low Alkali Proof
Fibrillated (324°F) (1100°F)

Table 3. Technical specifications and mechanical properties of expanded metal mesh, welded metal Mesh and Tenax mesh

Expanded Metal Mesh Welded Metal Mesh Tenax LBO 330

Style 1532 Dimensions 12.5mm x 12.5 mm Structure Biaxial geogrid

Sheet Size 1mx10 Weight 430 gm /m'Z Mesh type Rectangular apertures

Weight 1.3 kg/m? Proof Stress 400 N/mm? Standard color Black

Diamond size 16 x 31mm Ultimate Strain 58.8x '10"d Polymer type Polypropylene

Dimensions of strand 1.25 x 1.5mm Proof Strain 1.17x 10° Carbon black Content 2%

Proof Stress 199(N/mm?) Ultimate Strength 600 N/mm? Dimensional (LBO 330) Samp
] characteristics

Proof Strain 9.7x10° Aperture size MD 40 mm

Ultimate Strength 320(N/mm‘) Aperture size TD 27 mm

Ultimate Strain 59.2x 10-° Mass per unit area 420 g/m”
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Fig. 1. Details of tested specimens' reinforcement
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steel mesh as provided by the manufacturer. It
conforms to ACI 549.1R-97 (2009), as indicated
in (Fig. 2).

-Tenax LBO SAMP (330) is a polypropylene
Geogrid designed specifically for reinforcement.
To improve their tensile qualities, the Geogrid is
made using a unique extrusion and biaxial
orientation method. It has a steady high tensile
strength and modulus, as well as outstanding
resistance to construction damage and exposure
to the elements. Table 3 (Fig. 2) shows the
properties of this mesh.

3.1 Mortar Matrix

The sand-cement mortar of ferrocement
consisted of sand, ordinary Portland cement,
silica fume and fly ash. The main purpose of mix
design was to determine how the high amount of
cement could be partially replaced by silica fume
and fly ash to increase strength of mortar matrix
with no detrimental effects on the quality and
properties of the mix in both the fresh and
hardened states. The requirement of good
workability was essential, to allow the mortar
matrix to penetrate through the layers of steel
mesh reinforcement. A super plasticizing agent
was used to increase flow characteristics and
accelerate the early strength development.
Mortar mixture of the ferrocement consisted of a
water/cement ratio of 0.35, super-plasticizer of
2% by weight of cement,while sand/cement ratio
of 2.0, 10% by weight of cement was replaced by
S.F and 20% by weight of cement was replaced
by fly ash and the percentage of addition of fiber
€300 was chosen as 0.9 kg/m3. The average
compressive strength of the ferrocement mortar
after 28 days, (fcu), was found to be 35 MPa. For
all mixes, mechanical mixer in the laboratory
used mechanical mixing with capacity of 0.05

F
PRl e

e

Welded steel mesh

m3, where the volume of the mixed materials
was found to be within this range. The
constituent materials were first dry mixed; the
mix water was added and the whole patch was
re-mixed again in the mixer. The mechanical
compaction was applied for all specimens.

3.2 Preparation of Test Specimens

The mold from rectangular forms from contras
wood with entire size of 500*2000*120 mm was
prepared and used for casting beams. The pipes
from plastic with diameter 50 mm and 2200 mm
length were prepared and used to keep the
required voids. The ferrocement forms were left
for 24 hours in the mold before disassembling
the mold. Lastly, the forms were covered with
wet burlap for 28 days. All of previous steps are
shown in (Fig. 3).

3.3 Test Setup

At the time of testing, the specimen was painted
with white paint to facilitate the visual crack
detection during testing process. A set of four
“demec” points was placed on one side of the
specimen to allow measuring the strain versus
load during the test. Demec points were placed
as shown in (Fig. 4). The specimens were tested
on a testing loading frame with a four loading
points. The span length was 1800 mm while the
distance between the two loading points was 600
mm. dial gauges were used to measure
deflection at mid span and under points of
loading while strain gauges attached to the top
and bottom of the surface of concrete at the
critical sections to evaluate its behavior. All
the values of deflection at the variable positions
and top and bottom strain values were

recorded.

Tenax mesh (LBO330)

fiber e-300

Fig. 2. Types of meshes and fiber e-300
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Cracks were traced throughout bottom of the
specimen and then marked with black markers.
The first crack-load of each specimen was
recorded. The load was increased until complete
failure of the specimen was reached. Test setup
of specimen can be shown in (Fig. 5).

The rectangular the reinforcement compaction
process Casted slab Curing specimens mold Of
specimens with wet burlap.

3. EXPERIMENTAL
DISCUSSIONS

RESULTS AND

The obtained results for the first cracking load,
ultimate load, Serviceability Load, ductility ratio
and energy absorption as shown in Table 4,
Ultimate load and defection at ultimate load were
measured and obtained during the test, while
ductility ratio, Serviceability Load and energy
absorption were determined from the load—
defection diagram for each tested panel. (Fig. 6)
represents the values for the first cracking load
and ultimate load for all the tested panels. E2
obtained a maximum ultimate load of 50 kN and
a minimum ultimate load of 32 kN.

3.1 Flexural Serviceability Load

The flexural serviceability load was calculated
from the load-deflection curves. It is defined as
the load corresponding to deflection equal to the
span of the panel divided by (constant=250)

according to The Egyptian Code. (Fig. 6)
represents the values for the serviceability load
for all the tested panels. The main aim of
calculating serviceability load is to evaluate the
effect of using different meshes.

3.2 Ductility Ratio

Ductility ratio is defined here as the ratio between
the mid span deflection at ultimate load to that at
the first crack load (Au/Ay), panels reinforced
with expanded metal mesh and welded steel
meshes were given higher ductility ratio than
control beam. (Fig. 7) shows ductility ratios for all
tested panels.

3.3 Energy Absorption

Energy absorption is defined as the area under
the load—deflection curve. A computer program
(BASIC language) was used to calculate the area
under curve by integrated the equation of the
load—defection curve for each beam specimens
as follow: ultimate load Energy absorbed =
foAu f(A)dA; where f (A) is the equation of load—
defection curve, and Au is the mid-span
defection at failure load. Panels reinforced with
expanded steel mesh were achieved higher
energy absorption than control panels. (Fig. 8)
emphasizes enenrgy absorption for all tested
panels.

Fig. 3. Steps of specimen preparation

b

|

Fig. 4. Locations of demec points
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Table 4. Test results for all experimental test specimens.

Fig. 5. Test setup

Specim Specim  First Serviceabi Ultimate First Maximum Ductilit Energy
ens ens no. crack lity load load (kN) crack Deflectio  y Ratio Absorptio
design load (kN) Deflectio n (mm) n
ation (kN) n (mm) ( kN.mm)
A o1 12 29 36 2.55 16.08 6.3 433.7
02 12 28.1 34 2.1 14.71 6.97 375.79
B E1 8 20 38 1.56 211 13.52 507.46
E2 16 29.8 50 2.79 35.27 12.64 1317.19
C W2 8 32.12 38 1.22 16.5 13.52 454.08
W3 10 30.69 42 1.42 19.64 13.83 599.2
W4 12 30.9 44 1 18.97 18.97 602.1
D M1 8 24.3 40 1.28 23.64 18.46 667.88
E T1 8 225 32 1 18.2 18.2 408.02
T2 10 22.2 34 2.42 35.6 14.71 937.2
First crack load (KN) m Ultimate load (KN) M Service load (KN)
60
50
40
g
©
(1]
o
= 20
10
o1 02 El E2 W2 W3 w4 M1 T1 T2

Fig. 6. First crack load, ultimate load and service load of all tested panels

code of panels
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17

12

Ductility ratio

o1 02 El E2 W2 W3 w4 M1 T1 T2

Code of panels

Fig. 7. Ductility Ratio of all tested panels

1000

600
400
200

Energy absorption(kN

o1 02 El E2 W2 W3 w4 M1

Tl

T2

Code of panels

Fig. 8. Energy absorption for all tested panels

3.4 Load-Deflection Relationship

Fig. (9) shows the load-deflection curves of the
control specimen with fiber (O1) and control
specimen without fiber (02). From figure the
ultimate load for specimen (O1) is more than that
of the specimen (02). This is due to the fiber
used in the mix. The percentage of increasing in
the ultimate load is 5.5%. Also the deflection of
specimen (O2) is decrease by 8.51% compared
to specimen (O1). From fig. (10), the specimens
reinforced with expanded steel mesh in addition
to steel bars (E1) and (E2). The ultimate load for
specimen (E2) is more than that of specimen
(E1). This is due to increasing the number of
layers. The percentage of increasing in the
ultimate load is 31.5 %. Also the deflection of
specimen (E1) is decrease by 40.1 % compared
to specimen (E2). Fig. (11) illustrates that the
specimens reinforced with welded wire mesh in
addition to steel bars (W2), (W3) and (W4). The
ultimate load for specimen (W4, W3) is more
than that of specimen (W2). This is due to

34

increasing the number of layers. The percentage
of increasing in the ultimate load is 15.7%, 10.5
% respectively. Also the deflection of specimen
(W4, W3) is increase by 14.9%, 19.09 %
respectively compared to specimen (W2). Fig.
(11) illustrates that the specimens reinforced with
Tenax mesh in addition to steel bars (T1) and
(T2). The ultimate load for specimen (T2) is more
than that of specimen (T1). This is due to
increasing the number of layers. The percentage
of increasing in the ultimate load is 6.25 %. Also
the deflection of specimen (T2) is increase by
95.6% compared to specimen (T1). Fig. (13)
emphasizes comparison of load deflection curves
for all the tested panels.

3.5 The Effect of Using Various Types of
Meshes

In order to evaluate the effect of the reinforcing
steel mesh type, specimens reinforced with
expanded steel mesh, welded wire mesh and
tenax mesh were compared to control specimen
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at the same number of layers. Fig. (14) illustrate
the load-deflection curves of the control
specimen with fiber (O1) is compared to the
specimen reinforced with one layer of expanded
steel mesh (E1) and the specimen reinforced
with one layer of tenax mesh (T1) . From figure
the ultimate load for specimen (E1) is more than
that of (O1 and T1). This is due to the strength of
expanded steel mesh. The percentage of
increasing in the ultimate load is 5.5% and 18.7%
respectively. Fig. (15) illustrate the load-
deflection curves of the control specimen with

Load (KN)

Fig. 9. Load- deflection curves for group (A)

Load (KN}

10
Daflection (mm)

Fig. 11. Load- deflection curves for group (C)

fiber (O1) is compared to the specimen
reinforced with two layers of expanded steel
mesh (E2), two layers of welded wire mesh
(W2),0one layer of welded wire mesh plus one
layer of expanded steel mesh (M1) and the
specimen reinforced with two layers of tenax
mesh (T2) . From figure the ultimate load for
specimen (E2) is more than that of (O1, W2, M1
and T2). This is due to the strength of expanded
steel mesh. The percentage of increasing in the
ultimate load is 38.8%, 31.5 % 25% and 47.05%
respectively.

Load (KN}
8 &

=

—E1
*E2

a8

o

n 25 30

Deflection {mem)

40

Fig. 10. Load- deflection curves for group (B)

Load [KN)

3

Fig. 12. Load- deflection curves for group (E)

Load (KN)

20
DeNection (mem)

Fig. 13.
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Load- deflection curves for all tested panels
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3.6 The Effect of Numbers of Layers

In order to evaluate the effect numbers of steel
wire mesh layers, specimens reinforced with
expanded steel mesh, welded wire mesh and
tenax mesh were compared to control specimen.
Fig.(16) illustrate the load-deflection curves of
the control specimen with fiber (O1) is compared
to the specimen reinforced with one layer of
expanded steel mesh (E1) and the specimen
reinforced with two layers of expanded steel
mesh (E2) . From figure the ultimate load for
specimen (E2) is more than that of (O1 and E1).
This is due to the number of layers. The
percentage of increasing in the ultimate load is
38.8% and 31.5% respectively. Fig.(17) illustrate
the load-deflection curves of the control
specimen with fiber (O1) is compared to the

specimen reinforced with two layers of welded
wire mesh (W2), the specimen reinforced with
three layers of welded wire mesh (E2) and the
specimen reinforced with four layers of welded
wire mesh (W4) . From figure the ultimate load
for specimen (W4) is more than that of (O1, W2
and W3). This is due to the number of layers.
The percentage of increasing in the ultimate load
is 22.2%, 15.78% and 4.76% respectively.
Fig.(18) illustrate the load-deflection curves of
the control specimen with fiber (O1) is compared
to the specimen reinforced with two layers of
tenax mesh (T2), the specimen reinforced with
one layer of tenax mesh (T1). From figure the
ultimate load for specimen (O1) is more than
that of (T1, T2). The percentage of increasing
in the ultimate load is 12.5% and 5.8%
respectively.

Load (KN)

Deflection (mm)

Load (KN}

=01

——W2
-T2
“B=M1

15

20
Deflection (mm)

25 35

Fig. 14. Effect of type of reinforcement on

the load-defection for the panels

Effect of type of reinforcement on the
load—-defection for the panels

]
o

W IS 4]
o o o

Load (KN)

N
=]

——E1

o

E2

10 30 40

Defiédtion (mm)

Fig. 16. Effect of number of layers of
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Fig. 17. Effect of number of layers of welded
steel mesh for the panels
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Fig. 18. Effect of number of layers of tenax mesh for the panels

3.7 Compressive and Tensile Strain

In (Fig. 19) shows load strain curves for Control
group (A) specimens (O1 and O2). For panel O1
the compressive strain increased with the
increase of the applied load. The maximum
compressive strain reached about -0.00142 at
maximum load 36 kN. However, the max tensile
strain was 0.0015 at the same load. The
maximum compressive strain at panel 02
reached about -0.0014at maximum load 34 kN.
However, the max tensile strain was 0.00136 at
the same load. The load — compressive and
tensile strain curves for group B (panels E1, E2)
is plotted in (Fig. 20). The curves show that the
compressive strain increased with the increase
of the applied load. At panel E1 the maximum
compressive strain reached about -0.0025 at
maximum load 38 KN. However, the max tensile
strain was 0.0023 at the same load. For panel
(E2) the maximum compressive strain reached
about -0.0031 at maximum load 50 KN.
However, the max tensile strain was 0.003 at the
same load. For group C (panels W2, W3 and

W4). The compressive strain increased with the
increase of the applied load. For panel (W2) the
maximum compressive strain reached about -
0.0015 at maximum load 38 kN. However, the
max tensile strain was 0.002 at the same load.
The maximum compressive strain at panel W3
reached about -0.00142 at maximum load 42 kN.
However, the max tensile strain was 0.00135 at
the same load. The maximum compressive
strain at panel W4 reached about -0.00255 at
maximum load 44 kN. However, the max tensile
strain was 0.0025 at the same load as shown in
(Fig. 21).For the last group specimens E
(specimens T1 and T2). (Fig. 22) shows that the
compressive  strain  increased with the
increase of the applied load. For panel (T1) the
maximum compressive strain reached about -
0.0017 at maximum load 32 kN. However, the
max tensile strain was 0.00168 at the same
load. The maximum compressive strain at

panel (T2) reached about -0.0022at
maximum load 34 KkN. However, the max
tensile strain was 0.00217 at the same

load.

Load (KN)

01
——02

-0.0015

6
-0.0005 0

Strain

-0.002 -0.001 0.0005 0.001 00015 0.002

Fig. 19. Load- Compressive and tensile strain
curves for group A
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Fig. 20. Load- Compressive and tensile strain
curves for group B
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curves for group E
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Fig. 23. Cracking patterns for all tested panels
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3.8 Cracking Patterns and Mode of
Failure

Cracks were traced and marked throughout the
side of the specimen. The first crack-load of
each specimen, crack propagation, and failure
mode were recorded. Flexural cracks developed
near the mid-span of the specimen. With the
increase of the load, the cracks propagated
vertically and new flexural cracks were

developed rapidly. The cracks started to
propagate wider when the specimens
approached their failure load. As the load

increased, more cracks started to develop and
the crack at mid span started to propagate
vertically towards the top surface of the
specimen, while most of the developed cracks
did not continue propagating. This could be
attributed to the effect of steel mesh in
controlling the crack width. The cracks for all
tested panels can be shown in (Fig. 23).

4. CONCLUSIONS

Based on the experimentally-available results,
the following conclusions are drawn:

Ultimate load for hollow-cored sections
reinforced with expanded hexagonal steel
mesh exhibited much higher responses
than those reinforced with welded square
steel mesh and tenax mesh. This increase
is due to the difference in the ultimate
stresses of the two types of steel meshes.
Increasing the number of the steel mesh
layers in the ferrocement forms increases
the first crack load, service load, ultimate
load, and energy absorption of the
sections. The specimen reinforced with
two layers of expanded steel mesh
increase the ultimate load by (31.5%)
compared to that reinforced with one layer
of expanded steel mesh. Also the
specimen reinforced with four layers of
welded wire mesh increase the ultimate
load by (15.7% and 4.7%) compared to
that reinforced with two layers of welded
wire mesh and three layers of welded wire
mesh, respectively.

Type of mesh has significant effect on the
studied structural indicators to different
degrees. The different studied structural
indicators showed improvement over
those of control sections. Using two layers
of expanded steel mesh increased the
ultimate load by percentage (38.8%)
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compared to control panel, while using
two, three and four layers of welded wire
mesh increase the ultimate load by
percentage (5.5%, 16.6% and 22.2%)
compared to control panel.

Energy absorption values of studied
ferrocement hollow-cored sections were,
generally, higher than that of the control
specimen. The highest energy absorption
property was shared between specimens
made of two layers of expanded steel
mesh (E2) and two layers of tenax mesh
(T2) and the lowest was found mostly with
hollow-cored sections made of one layer
of welded wire mesh (W1) and one layer
of tenax (T1).

Ductility ratio of studied ferrocement
hollow-cored sections was, generally,
higher than that of the control specimen.
The highest Ductility ratio property was
shared between specimen made of four
layers of welded wire mesh (W4) and
specimen reinforced with one layer of
expanded steel mesh and one layer of
welded wire mesh (M1).

The best behavior of ferrocement hollow-
cored panels was that of reinforced with
two layers of expanded metal mesh which
increased the ultimate moment and
improve the energy absorption than using
other types of meshes.

Out of the point of this research, using
ferrocement hollow-cored panels with
different types and reinforced with several
layers of mesh reinforcement may be have
true construction merits for using in a
variety of applications.
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