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ABSTRACT

Ferrocement is one of the structural materials, widely used due to its advantage from its particular behavior such
as mechanical properties, and impact strength. The main aim of this work was to investigate the behavior of
ferrocement reinforced with waste plastic fibers WPF panels under impact loading.

A total of 48 ferrocement panels with dimensions of (500x500x50 mm) were constructed and tested, 32 panels
tested under low velocity impact. For low velocity impact test at age of (56) days, the results showed that the
addition of waste plastic fibers increased the number of blows which were required to make the first crack and
ultimate failure, with the increase of number of wire mesh layers.
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INTRODUCTION

Ferrocement is a form of reinforced concrete that differs from conventional reinforced or pre stressed concrete
primarily by the manner in which the reinforcing elements are dispersed and arranged. It consists of closely spaced,
multiple layers of mesh or fine rods completely embedded in cement mortar [1]. Raw materials for ferrocement
construction in developing countries are easily available, and it could be constructed in any complicated shape,
whereas it needs low level of skill which is required. This kind of material has superior strength properties as
compared to conventional reinforced concrete [2—7]. Many researches deal with the developing of ferrocement
properties by adding different materials like polymers. Mechanical properties of ferrocement improved by adding
styrene butadiene rubber SBR[8]. Kadhum [9] produced a new type of ferrocement of polystyrene concrete, which
has several advantages compared to ordinary reinforced concrete plates, such as lower density, abrasion resistance,
compressive strength and flexural strength. Gaylan [10] enhanced mechanical properties and impact resistance of
ferrocement by adding different types of fibers .

Fiber reinforced concrete

Normal unreinforced concrete is brittle with a low tensile strength and strain capacity [11]. Ordinary concrete
includes numerous micro cracks which are rapidly increased under the applied stresses. These cracks are responsible
of the low tensile, flexural strength, and impact resistance of concrete [12]. The fibrous reinforced concrete is a
composite materials essentially consisting of concrete reinforced by random placement of short discontinuous, and
discrete fine fibers of specific geometry [13-16]. It is now well established that the addition of short, discontinuous
fibers plays an important role in the improvement of the mechanical properties of concrete. It increases elastic
modulus, decreases brittleness; controls crack initiation, and its subsequent growth and propagation. Debonding and
pull out of the fibers require more energy absorption, resulting in a substantial increase in the toughness and fracture
resistance of the material to cyclic and dynamic loads [17]. Concrete, the dominant construction material in our
time, suffers from a major shortcoming; it cracks and fails in a brittle manner under tensile stresses caused by
external loading or restrained shrinkage movements. Concrete failure initiates with the formation of micro cracks
which eventually grow and coalesce together to form macro cracks. The macro cracks propagate till they reach an
unstable condition and finally result in fracture. Thus, it is clear that cracks initiate at a micro level and lead to
fracture through macro cracking. Fibres, used as reinforcement, can be effective in arresting cracks at both micro
cracks and macro cracks from forming and propagating [18].

Waste

Waste is defined as unused discharge products generated from human life, social and industrial activity. The
industrial wastes are roughly classified into residential wastes and business wastes. Residential wastes are wastes
discharged from human activities and consist of refuse and human waste, and are referred to as general waste. It also
includes refuse and human waste generated from institutional facilities [19].In developing countries, Increasing
population levels, booming economy, rapid urbanization and the rise in community living standards have greatly
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accelerated the municipal solid waste generation rate [20].There was an incredible growth in the consumption of
plastics due to their good safety, low cost, durability, lighter weight than competing materials, and extreme
versatility and ability to be tailored to meet specific technical needs [21].Waste Plastic:The potential of using
recycled plastic waste as reinforcing fibers in concrete studied by Alhozaimy [22]. Different volume fractions
varied between 1% to 4% of recycled plastic, low density polyethylene fibers (RP fibers) and control with no RP
fibers were considered. The results showed that at volume fraction of 1 to 2% of RP fibers, plastic shrinkage
cracking was almost similar to plain concrete without RP fibers (i.e., 0%) while at a volume fraction of 3 to 4 %, no
plastic shrinkage cracks were observed. Also, it was found that RP fibers have no significant effect on the
compressive and flexural strengths of plain concrete at volume fractions used in this study. However, the RP fibers
increased flexural toughness up to 270%.Al-hadithi [23], studied the effect of adding plastic chips resulting from
cutting the plastic beverage bottles (which is used in Iraqi markets now) as fiber added to the polymer concrete and
study there effects on some properties of polymer modified concrete like compressive strength and flexural strength.
Results proved that, an improvement in mechanical properties with an increasing of waste plastic fibers percentage
by volume. The increasing in flexural strength (modulus of rupture) appeared more clearly than that of compressive
strength. The maximum increasing in the value of 28 day modulus of rupture equal to 24.4% for PMC mix with
fiber percentage by volume equal to 0.1%, whereas the maximum increasing in compressive strength was equal to
4.1% for the same mix.Thirty kilograms of waste plastic of fabriform shapes was used as a partial replacement for
sand by 0%, 10%, 15%, and 20% with 800 kg of concrete mixtures by Ismail [24]. Many tests were done include
performing slump, fresh density, dry density, compressive strength, flexural strength, and toughness indices. Curing
ages of 3, 7, 14, and 28 days for the concrete mixtures were applied in this work. The results proved the arrest of the
propagation of micro cracks by introducing waste plastic of fabriform shapes to concrete mixtures and also proved
that reusing of waste plastic as a sand-substitution aggregate in concrete gives a good approach to reduce the cost of
materials and solve some of the solid waste problems posed by plastics. There were some researches deals with
investigating the effects of adding waste plastic fibers WPF resulting from cutting PET bottles on the concrete
properties and [25-28]. The results of these studies proved that there were decreasing in concrete density, developing
in flexural strength and enhancing in the ability of concrete to arresting cracks.

EXPERIMENTAL PROGRAM

The experimental program was planned to investigate the effect of using waste plastic fibers on the mechanical
properties and impact resistance of Ferrocement. The test variables include compressive strength, flexural strength.
Number of wire mesh Ferro-cement slabs for low and high impact tests

Materials

Ordinary Portland cement (Type I) is used in this research. The chemical analysis was conformed to Iraqi standard
specifications no. (5/1984) [29] and physical test was conformed to (B.S.12:part2 :1971) [30].The fine aggregate
used is natural sand brought from Ramadi region. It was clean, free of organic impurities and deleterious substances
and relatively free of clay. The grading of sand is conformed to the requirements of the ( B.S.882/1992)
specification[31].0rdinary drinking water was used for mixing and curing for all specimens. It was tested at
Laboratories of Civil Department/College of Engineering/University of Anbar. The water was conform to Iraqi
standard specifications no.(1703/ 1992) [32].Rectangular shape of waste plastic fiber with dimension 20 x 4 mm
and thickness of 0.3 mm was used to this research .The waste fibers made by shredded beverage bottles made of
(PET) into a regular shapes and dimensions using shredder machine . The aspect ratio (1/d) was (17). Fibers were
added to the mixes as a ratio by volume of mixture of 0.5% ,1.0% and 1.5% respectively. figure 1. Showing the
waste plastic fibers which used in this study. Square meshes of reinforcement, fabricated from 1.8 mm-nominal
diameter steel bars, are used in the panels. The spacing of bars in both directions was 16 mm which does not exceed
three times the panel thickness, with a clear cover of 10 mm (0.39 in.) over the bars. The wire mesh provides support
to the thinner section 50 mm thick of the panel. Table 1 gives the average value of the obtained results.

Moulds of ferrocement slabs

For low velocity impact strength, square slabs of 500 x 500 x 50 mm were used respectively. Experimental program
was planned to investigate the effect of using waste plastic fibers on the impact resistance of Ferrocement. The test
variables include Ferrocement slabs for low and high impact tests. Table 2 shows the details of reference concrete
mix and concrete with fibers mixes.

Mixes

The proportion of the constituents for the prepared concrete mix is 1 : 2 (by weight) of ordinary Portland cement:
fine aggregate of maximum size 4.75 mm with a water/ cement ratio of 0.45 and waste plastic fiber is used as a ratio
by volume of mixture of 0.5%, 1.0%, and 1.5% as percentage . The water/cement ratio used is 0.45 for all mixes.
Molds were prepared according to ASTM C192-88 [33].



Tests

Testing of Hardened Concrete

For compressive strength test a 100 x 100 x 100 mm concrete cubes were used according B.S. 1881 part 116[34].A
2000 kN capacity ELE testing machine was used for the compressive test .The average compressive strength of
three cubes was recorded for each testing age (14,28 and 56 days). A 100 x 100 x 500 mm (4 x 4 x 20) concrete
prisms were prepared according to ASTM C192-88 [33].The test was carried out using two points load according to
ASTM C78-94 [35] using ELE 50 KN capacity machine. Average modulus of rupture of three prisms was obtained
for each testing age (14, 28 and 56) days.

Impact test

The resistance of concrete under dynamic loadings can be assess through different types of test procedures, such as
the explosive test, drop-weight test, projectile impact test, and constant strain rate test [36], the drop-weight test, as
reported by the ACI Committee 544 [37] is the rig which is used in this research. The low velocity impact test was
conducted using 1400 gm steel ball dropping freely from heights 2.4 m and 1.2 m . Thirty two, 56-day age 500 x
500 x 50 mm slab specimens were tested under low velocity impact consists of three main components as shown in
Figure 2. A steel frame ; strong and heavy enough to hold rigidly during impact loading. The dimensions of the
testing frame were designed to allow observing the specimens (square slab) from the bottom surface to show
developing failure, during testing. The specimen was placed accurately on mold which were welded to the support
ensure the simply supported boundary condition. The vertical guide for the falling mass used to ensure mid-span
impact. This was a tube of a round section. Steel ball with a mass of 1400 gm . Specimens were placed in their
position in the testing frame with the finished face up. The falling mass was then dropped repeatedly and the number
of blows required to cause first crack was recorded. The number of blows required for failure (no rebound) was also
recorded. The number and details of specimens which were used in this test are shown in Table 2.

Results and discussion

Compressive Strength Test:The average compressive strength of three cubes was recorded for each testing age 14,
28 and 56 days. The relationship between the compressive strength at different ages and volume of fiber is shown in
Figure 4. From this figure, it can be seen that the compressive strength of all specimens' increases with time, but the
percentage of the increase in compressive strength differs between the reference mix and the fiber-reinforced mortar.
The lowest magnitude of the compressive strength at 14 days curing is 37.1 MPa for specimens with (1.5%) V; ratio
and the lowest magnitude of the compressive strength at 28 days curing is 40.2 MPa for specimens with (1.5%) V¢
ratio, while at 56 days curing, the respective lowest magnitude is 43.5 MPa for specimens with (1.5%) V¢ ratio. That
decrease in the compressive strength might be due to the forming of segregate on mix. This led to form stiff bond
around these bulks. Therefore, the existence of waste plastic fibers allows the absorption of water inside the porous
Also, exciting of waste plastic fiber reduces the density of cubes. That led to a decrease in the compressive strength
of composite [26]. Use of waste plastic fiber increased the porous inside the mortar structure and that caused
reducing the compressive strength.

Flexural strength test : Average modulus of rupture of three prisms was obtained for each testing age 14, 28 and 56
days. This strength was determined at ages of 14, 28 and 56 days for moist cured cement mortar prisms of
100x100x500 mm dimensions. The effect of curing ages on the flexural strength on various types of cement mortar
is presented in Figure 5. The results indicated that flexural strength increased with development of curing ages, also
the flexural strength increased with the increase in fibers volume of all ages for different types of mortar mixes. At
14 days curing, the highest magnitude of flexural strength is 6.73 MPa for specimens with (1.5%) V; ratio, at 28
days curing the highest magnitude of flexural strength is 7.90 MPa for specimens with (1.5%) V; ratio while at 56
days curing, the highest respective magnitude is 8.22 MPa for specimens with (1.5%) V¢ ratio. The addition of
waste plastic fiber improved flexural strength. This increase in flexural strength can be attributing to the fact that the
waste plastic fibers arrest cracks progression Also, the addition of waste plastic fibers contributed to strengthen the
interior tensile stresses [38]. In contrast, the increase of flexural strength of specimens reinforced with waste plastic
fibers is due to the fiber bridging effect, which prevented cracks from opening widely.

Behavior of ferrocement specimens under low velocity impact: The increase in impact resistance at first crack
and ultimate failure for the slabs containing WPF compared with reference mix are plotted in Figures 3 to 6 for all
concrete mixes at age of 56 days. From Table 3 and Table 4, it can be see that the specimens reinforced with one
layer of wire mesh needed a number of blows to cause a first crack and ultimate failure more unreinforced specimen.
The specimens reinforced with two layers of wire mesh needed a number of blows to cause a first crack and ultimate
failure more than unreinforced specimen and the specimen that reinforced with one layer. The specimens reinforced
with three layers of wire mesh needed a number of blows to cause a first crack and ultimate failure more than the



unreinforced specimen and the specimen reinforced with one or two layer. This may be attribute to the fact that
ferrocement exhibited continuous increase in impact resistance with increases in volume of reinforcement [39]. This
behavior may be ascribe to the significant addition of waste plastic fibers to the ferrocement slabs that caused the
bridging of the micro cracks; the internal bond strength of ferrocement is dramatically increased leading to a
significant increase in internal energy of concrete (impact resistance). In addition, results showed that the increase in
V¢ ratio leads to the increase in impact resistance at first crack and ultimate failure especially at V¢ ratio (1.0 %)
compared with reference concrete. This may be attributed to the fact that the fiber itself has excellent impact
resistance. For 2.4 m height falling mass, the maximum value of the number of blows to cause a first crack was (84)
blows for the specimen reinforced with three layers of wire mesh while the maximum value for the number of blows
to cause ultimate failure was (99) blows for the specimen reinforced with three layers of wire mesh, both values with
the addition of V¢ of (1.0%). The percentage increase of the number of blows to cause first crack was (300 %), (525
%) and (350%), while the percentage increase in the impact resistance at ultimate failure was (367 %), (476 %) and
(266%) for unreinforced ferrocement slabs with wire mesh and modified with Vi ratios (0.5 %), (1.0%) and (1.5 %)
respectively when compared with reference concrete , the percentage increase of the number of blows to cause a
first crack was (150 %), (340 %) and (240 %), while the percentage increase in the impact resistance at ultimate
failure was ( 146 % ), (285 %) and (215%) for reinforced ferrocement slabs with one layer of wire mesh and
modified with Vi ratios (0.5%), (1.0 %) and (1.5 %) respectively when compared with reference concrete , the
percentage increase of the number of blows to cause a first crack was (62.5 %), (350 %) and (262.5 %), while the
percentage increase in the impact resistance at ultimate failure was (76 %), (305 %) and (235 %) for reinforced
ferrocement slabs with two layers of wire mesh and modified with Vi ratios (0.5 %), (1.0 %) and (1.5 %)
respectively when compared with reference concrete, and the percentage increase of number of blows to cause a
first crack was (85 %), (320 %) and (290 %), while the percentage increase in the impact resistance at ultimate
failure was (76 %), (296 %) and (260 %) for reinforced Ferrocement slabs with three layers of wire mesh and
modified with V¢ ratios (0.5 %), (1.0 %) and (1.5 %) respectively when compared with reference concrete ,Table 4.
For 1.2 m height falling mass, the maximum value of the number of blows to cause a first crack was (106) blows for
the specimen reinforced with three layers of wire mesh while the maximum value for the number of blows to cause
ultimate failure was (124) blows for the specimen reinforced with three layers of wire mesh, both values were by
adding (1.0 %) V. The percentage increase of the number of blows to cause first crack were (420 %), (780 %) and
(720 %), while the percentage increase in the impact resistance at ultimate failure was (300 %), (513 %) and (475
%) for unreinforced ferrocement slabs with wire mesh with V¢ ratios (0.5 %), (1.0 %) and (1.5 %), respectively
when compared with reference concrete , the percentage increase of the number of blows to cause first crack was
(165 %), (275 %) and (169 %), while the percentage increase in the impact resistance at ultimate failure was (120
%), (245 %) and (165 %) for reinforced ferrocement slabs with one layer of wire mesh and modified with V¢ ratios
(0.5 %), (1.0 %) and (1.5 %), respectively when compared with reference concrete, the percentage increase of the
number of blows to cause first crack was (256 %), (350 %) and (261 %), while the percentage increase in the
impact resistance at ultimate failure was (188 %), (284 %) and (220 %) for reinforced ferrocement slabs with
two layers of wire mesh and modified with V¢ ratios (0.5 %), (1.0%) and (1.5 %), respectively when compared with
reference concrete and the percentage increase of the number of blows to cause first crack was (217 %), (361 %)
and (300 %), while the percentage increase in the impact resistance at ultimate failure was (186 %), (328 %)
and (276 %) for reinforced ferrocement slabs with three layers of wire mesh and modified with Vi ratios (0.5 %),
(1.0%) and (1.5 %), respectively when compared with reference concrete ,Table 4. From the figures mentioned, it
can be seen that the impact resistance represented by number of blows until failure decreases with the increase in
falling mass height. That might be due to an increase in strike force with an increase in falling mass height, which
means an increase in the absorbed energy by ferrocement slab body in each strike, this leads to distribution of the
total impact energy on the fewer number of blows until failure.

Mode of failure under low velocity impact: Fig. 7. shows the failure of specimens, tested in this work. From these
figures, it can be seen that, for slabs used in low velocity impact tests, the waste plastic fiber reinforced ferrocement
slabs failed with number of blows more when compared with reference mix and the crack started from center of top
face and propagated on length and width of specimens, and specimens failed (ultimate failure) with number of blows
more than that in first crack stage. It is obvious from these figures that, the failure of slabs reinforced with two or
three layers of wire meshes happened without cracks, or in other words the ball penetrated the slabs without
madding any cracks . For impact test in which the height of falling mass equals 2.4 m , the unreinforced slabs with
wire mesh reach the ultimate failure with a number of blows near to the number of blows that caused a first crack.
For low velocity impact tests with falling mass, failure of unreinforced concrete was more brittle than the waste
plastic fiber reinforced ferrocement slabs. The slabs made of reference mixes reach the first crack and ultimate
failure at a number of blows less than that of the slabs made of waste plastic fiber reinforced ferrocement slabs.



From tables (3 and 4) we can notice that the energy absorbed of slabs increased with increased the volume of fibers
and number of wire meshes. We can calculate the total energy by multiply the total blows for slabs until first crack
or until failure with the energy of one blow.

CONCLUSIONS

Based on the extensive research work, the following conclusions can be drawn:-

A- The compressive strength of waste plastic fibers reinforced ferrocement had shown a clear decrease in general
due to the inclusion of fiber for the reinforced and unreinforced specimens.

B- The flexural strength of waste plastic fibers reinforced ferrocement had shown an increase due to the inclusion of
fiber for the reinforced and unreinforced specimens.

C- Dry density of mortar cubes was 2400 kg/m® at 28 days. Adding waste plastic fibers caused a decrease in the
density and the lowest density was 2255 kg/m’ for (V= 1.5%).

D- Low velocity impact resistance of waste plastic fiber reinforced ferrocement panels is greater than that of the
reference ferrocement panels. The slabs of waste plastic fiber reinforced ferrocement need more blows to cause first
crack and ultimate failure compares with references panels. Also the energy absorbed by waste plastic fiber
reinforced ferrocement panels increased with increased the volume of fibers and number of wire meshes.
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Table 1-Properties of wire mesh

Diameter of wire mesh (mm) Yield stress MPa Failure stress MPa Deformation %

1.8 443 732 3.18




Table 2-Details of the cement mortar mixes investigation throughout this work.

No. of layers Cement content Proportion Fiber : Mix W/C Number of Number of
Symbol reinforced of wire for one cubic cement: sand Ratio % Ratio % low high
mesh meter (kg) (by weight) V¢(by volume) velocity velocity
slabs slabs
R1 0 655 1:2 0 0.45 2 1
R2 1 655 1:2 0 045 2 1
R3 2 655 1:2 0 0.45 2 1
R4 3 655 1:2 0 045 2 1
FIR1 0 651.725 1:2 0.5% 0.45 2 1
F1R2 1 651.725 1:2 0.5% 0.45 2 1
FIR3 2 651.725 1:2 0.5% 0.45 2 1
F1R4 3 651.725 1:2 0.5% 0.45 2 1
F2R1 0 648.450 1:2 1.0% 0.45 2 1
F2R2 1 648.450 1:2 1.0% 0.45 2 1
F2R3 2 648.450 1:2 1.0% 0.45 2 1
F2R4 3 648.450 1:2 1.0% 0.45 2 1
F3R1 0 645.175 1:2 1.5% 0.45 2 1
F3R2 1 645.175 1:2 1.5% 0.45 2 1
F3R3 2 645.175 1:2 1.5% 0.45 2 1
F3R4 3 645.175 1:2 1.5% 0.45 2 1

Table 3 - Number of blows that caused first crack, ultimate failure and applied kinetic energy of various concrete slab specimens for 2.4 m height
of falling mass

Number of
mesh (Vol. of fiber within mix) V%
No. of blows Layers
0% 0.5% 1.0% 1.5%
0 4 16 25 18
Number of blows to cause a first crack by falling mass 1 10 s 22 !
2 16 29 72 58
3 20 37 84 78
0 131.846 527.3856 824.04 593.3088
Applied kinetic energy N.m (J) to cause first crack by 1 329.616 824.04 1450.31 1120.694
falling mass 2 527.386 955.8864 2373.235 1911.773
3 659.232 1219.579 2768.774 2571.005
0 0 300 525 350
Increase No. of blows and applied kinetic energy over 1 0 150 340 240
Reference Mix. (%) 2 0 62.5 350 262.5
3 0 85 320 290
0 6 28 34 22
Number of blows to cause ultimate failure by falling mass
1 13 32 50 41
2 20 37 81 67
3 25 44 99 90
0 197.77 922.9248 1120.694 725.1552
Applied kinetic energy N.m (J) to cause ultimate failure by 1 428.501 1054.771 1648.08 1351.426
falling mass 2 659.232 1219.579 2669.89 2208.427
3 824.04 1450.31 3263.198 2966.544
0 0 367 467 266
Increase No. of blows and applied kinetic energy over
Reference Mix. (%) ! 0 146 285 215
2 0 76 305 235
3 0 76 296 260




Table 4- Number of blows that caused first crack, ultimate failure and applied kinetic energy of various concrete slab specimens for 1.2 m height of
falling mass
Number of
lr;‘e:rhs (Vol. of fiber within mix) V%
No. of blows Y
0% 0.5% 1.0% 1.5%
0 5 26 44 41
Number of blows to cause a first crack by falling mass
1 16 42 60 43
2 18 64 81 65
3 23 73 106 92
0
Applied kinetic energy N.m (J) to cause first crack by 82.404 428.500 725.155 675.712
falling mass 1 263.6928 692.193 988.848 708.674
2 296.6544 1054.77 1334.94 1071.25
3 379.0584 1203.09 1746.96 1516.23
o 0 0 420 780 720
Increase No. of blows and applied kinetic energy over
Reference Mix. (%) ! 0 165 275 169
2 0 256 350 261
3 0 217 361 300
) ) ) 0 8 32 49 46
Number of blows to cause ultimate failure by falling mass 1 20 44 69 53
2 25 72 96 80
3 29 83 124 109
o ) . 0 131.8464 527.385 807.559 758.116
Applied kinetic energy N.m (J) to cause ultimate failure by 1
falling mass 329.616 725.155 1137.17 873.482
2 412.02 1186.61 1582.15 1318.46
3 477.9432 1367.91 2043.62 1796.41
o 0 0 300 513 475
Increase No. of blows and app‘lledoklnetlc energy over 1 0 120 245 165
Reference Mix. (%)
2 0 188 284 220
3 0 186 328 276

iy

Fig. 1- Waste plastic fibers F1g2- Rig‘\'x;hic_h is used for low velocity impact test
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Fig. 3- Relationship between waste plastic fibers volume
content ratio and number of blows to cause a first crack
for 2.4 m high falling mass .

Fig.4- Relationship between waste plastic fibers volume
content ratio and number of blows to cause a

ultimate failure for 2.4 m high falling mass.
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Fig. 5- Relationship between waste plastic fibers volume
content ratio and number of blows to cause a

first crack for 1.2 m high falling mass.

Fig. 6- Relationship between waste plastic fibers volume
content ratio and number of blows to cause a
ultimate failure for 1.2 m high falling mass.
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Fig. 7- The mode of failure of slabs under low velocity impact
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Fig.7- Continued




