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Abstract

The bending behavior of ferrocement beams reinforced with fiber reinforced plastic
(FRP) meshes is described and compared to that observed using steel meshes. Three
FRP meshes were tried: Aragrid mesh, made from aramid fibers; Spectra mesh, made
from high performance polyethylene fibers; and Kevlar mesh, made from ararnid fibers
with higher strengths and modulus. The test variables included the 1ype of mesh, the
volume fraction of reinforcement, or equivalently the number of layers of reinforcing
mesh, and two mortar mixtures one corresponding to normal and one to high
compressive strength. [t is observed that ferrocement reinforced with FRP meshes can
achieve mechanical performance similar to that obtained using steel meshes.
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- 1 Introduction

Durability of concrete structures and corrosion of reinforcement have been and will

* continue to be top priority issues for the civil engineering profession, both technically

and economically. To reduce the risk of corrosion in ferrocement, the steel mesh

- reinforcement is generally galvanized and corrosion inhibitors are often added 1o the

mortar matrix. However, to reliably insure long-term service life, corrosion must be
not only delayed but also overcome. This can be achieved by using materials that do
not corrode, such as fiber reinforced plastic (FRP) reinforcements.

Fiber reinforced plastic (FRP) reinforcements, made from carbon, glass, aramid, or
other high performance fibers embedded in polymeric matrices, in the form of bars,
tendons, strands, and two or three dimensional meshes, are being produced and tested
on an exploratory basis by various institutes around the world especially in Japan and
Western Europe [1-3]. Examples of FRP meshes that could be used in ferrocement
applications include trade names such as Nefmac (fapan), Aragrid (Europe), Spectra
and the like. The Reticem process produces cement based laminated sheets reinforced
by 20 to 30 thin layers of polypropylene mesh, which could be for all practical
purposes considered as ferrocement reinforced with a non-metallic mesh.

Ferrocement: Proceedings of the Fifth International Symposium. Edited by P.J. Nedwell and
R.N. Swamy. @ 1994 E & FN Spon, 2-6 Boundary Row, London SEI 8HN. 0 419 19700 1.


naaman
Text Box
Naaman, A.E., and Al-Shannag, J. "Ferrocement with Fiber Reinforced Plastic Meshes: Preliminary Investigation"  Proceedings of the Fifth International Symposium on Ferrocement, Manchester, England, September 1994.  P. Nedwell and N.R. Swamy, Editors, E. and FN Spon, London.



436  Naaman and Al-Shannag

FRP reinforcing meshes are suitable for use in new structures, as weil as for repair
or strengthening of existing structures. Their application to ferrocement is bound to
increase in order 10 solve special problems, especially corrosion. Other advaniages of
FRP meshes of particular interest to ferrocement applications, include high strength,
lower unit weight, easiness in coiling and handling, and good damping and fatigye
behavior. However, FRP materials are not without drawbacks which include high
cost, low shear (transverse) strength, susceptibility to stress rupture etfects, and, most
importantly. low ductility. Indeed they show a linear elastic (brittle) response in
tension up to failure.

The main objective of this study was to explore the use of some FRP meshes in
ferrocement and to compare their effects with those using steel meshes. Since FRP
meshes are not specifically fabricated for ferrocement applications, three available
meshes were tried: Aragrid mesh, made from aramid fibers; Spectra mesh, made from
high performance polyethylene fibers: and Kevlar mesh, made from aramid fibers with
higher strengths and modulus. An experimental program dealing with the bending
behavior of ferrocement beams reinforced with FRP and steel meshes was undertaken.
The main results are described and conclusions are drawn.

2 Experimental Program

2.1 Test Parameters
The experimental program included the testing of ferrocement plaies in bending. All
specimens were 3 in. (75 mm) wide, 12 in. (300 mm) long and 0.5 in. (12. 5 mm)
thick. The test variables included the following: two mortar mixes, identified as Mix
1(high strength) and Mix 2 (normal strength); four different types of meshes, namely
Aragrid, Spectra. Kevlar, and steel; and increasing fayers of mesh reinforcement,
namely 2, 4, and 6 layers.

The composition of the two mortar mixes, and their compressive sirength obtained
from testing 3x6 in. (75x150 mm) cylinders, are given in Table L.

2.2 FRP Meshes

The FRP meshes used have the following properties as supplied by their
manufacturers.

* Aragrid.  Aragrid is a trade-mark for a mesh developed by AKZO in Europe, for
masonry reinforcement. Its configuration seems very suitable for ferrocement
applications. The fibers used are Twaroen, a type of aramid. The mesh is made from
bundles of fibers embedded in a polymeric resin, with average spacing of about 10.5
mm in the two directions. Mechanical properties of the bundles are as follows: elastic
modulus = 45 GPa (6500 ksi); tensile strength of bundle = 2030 MPa (293 ksi);
elongation at failure = 4.5%; density = 1. 43 g/cc.

« Spectra. Spectra fiber is a trademark of Allied Signal in the US. It is a high
performance fiber made from polyethylene. Spectra fibers are mostly used in fiber
reinforced plastics in the aeronautic and aerospace industries. They are not made for
civil engineering applications. A mesh having 10x10 bundles per inch (i.e. bundle
spacing of about 2.5 mm) was found for testing in this study. It is identified as Spectra
901 fabric, with same fiber bundles in the two directions, and the following propertes:
elagtic modulus = 118 GPa (17000 ksi): tensile strength = 2590 MPa (375 ksi);
elongation at rupture = 3.5%; yam denier = 1200 in each direction; density = 0.97 gfcc.
+ Keviar. Aramids are a family of organic fibers developed by DuPont in 1966, in
the US, under the tradename Kevlar. Two types are sold: Kevlar 29 and Kevlar 49, the
latter being primarily for plastic reinforcements. The fabric style used was style 500
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Table i. Volume fractions of reinforcernent used

Mesh Number of Total l.ongitudinat
Type Mesh Layers Vi, % Ve %
2 1.85 0.92
4 3.7¢ 1.85
Steel
6 5.55 2.77
B 7.4 3.70
2 3.05 1.52
Spectra 4 6.11 3.05
6 9.16 4.58
2 1.67 0.84
Aragrid 4 3.33 1.67
6 5.00 2.50
Kaviar 2 ©1.36 .91
Table 2. Mixtures Proportions by Weight
Ralx c1 52 w3 Ms 4 sp 5 fe, psi®
(MPa)
1 1 0.6 0.3 0.15 0.04 12800.
{89}
2 1 1.0 0.45 - .03 7100.
{49)
1. Type | cememnt
2. Fine silica sand 100% passing sieve #50
3. Water/{Cement + MS)
4. Microsilica {Silica Fume}
5. Superplasticizer (Melment)
6. Compressive strength from tests on cylindears
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with the following characteristics: plain weave, with a count of 13x13 per inch (ie,
spacing of about 2 mm), a yarn of 1420 denier in each direction. and a weight of 5
oz./sq. yd. Properties supplied by the manufacturer are as follows: tensile strength =
2800 MPa (406 ksi); elastic modulus = 124 GPa (18000 ksi); ultimate elongation =
2.8%; density = 1.44 g/cc. Since it was not possible to infiftrate the fabric with the
cement mortar, one out of two yarns was removed from the ransverse direction,
« Steel. The steel mesh was a welded square galvanized mesh with a wire
spacing of (.25 in. (6.3 mm) and a wire diameter of 0.025 in. (0.63 mm). It was
tested in the laboratory and led to rather low values of tensiie strength atributed to the
effect of welding small diameter wires: equivalent vield strength = 238 MPua (34 ksi):
ultimiate strength = 350 MPa (50 ksi); uiumate elongation = 12%; elastic modulus = 200
GPa (29000 ksiy; density = 7.8 gr.fcc.

For the steel mesh the volume fraction of reinforcement was calculated from the
wire diameter. For the FRP mesh, the volume fraction of reinforcement was calculated
from the denier of the yarn. Typical values of Vare given in Table 2.

2.3 Specimen Preparation and Testing

The specimens were poured in vertical molds made from Plexiglas 1o insure a constant
and smooth surface. The two extreme mesh layers were placed close to the mold
surfaces with a cover of about 2 to 3 mm. Other layers, when present, were
distributed at best in between. Since the Spectra and Kevlar meshes were not rigid
enough to remain in place, they were pre-sprayed with a latex emulsion which upon
hardening gave them sufficient rigidity. Specimens were removed from their molds 24
hours after casting, cured in water for 7 days, then left in laboratory environment until
testing.

Testing was undertaken using an Instron testing machine. The beams were tested
in four-points bending with a span of 9 in. (225 mm). The testing set-up is shown in
Fig. 1. A PC based data acquisition system was used to record the load signal from
the load cell and the deflection at midspan from an LVDT. Data were plotted thereafter
using a computer graphics program.

3 Results

The results are summarized in Figs. 2 to 7. Instead of plotting the load versus
deflection, the equivalent flexural stress, assuming uncracked section, was plotted
versus the deflection. Thus a comparison using a common index can be used. In many
cases for the FRP reinforced specimens, testing was stopped at a deflection of about
0.4 in. (10 mm). However, failure did not occur at that deflection. This 1imit
deflection was initiafly selected on the basis of the maximum value observed when steel
meshes were used. Further into the experimenial program, testing was pursued up to
much higher deflections as seen in some of the figures.

Fig. 2 shows typical results using 2,4,6 and 8 layers of the steel mesh. Such
curves can be used as a basis of comparisen. It can be observed that equivalent
bending swesses of up to 3000 psi (35 MPa) were achieved with a longitudinal volume
fraction of reinforcement of 3.7% (Table 1). Also the larger the number of mesh layers
(or equivalently the larger the volume fraction of reinforcement) the larger the deflection
at maximum load. The cracks with the steel mesh were well distributed and generally
of smaller widths than those observed with the FRP meshes. Failure of the specimens
occurred when the extreme layer of steel mesh failed in tension. Numerous studies
have been undertaken in the past using similar types of steel mesh, and can be referred
to for further evaluation.

Fig. 3aand 3b show typical results obtained with 2,4, and 6 layers of the Aragrid
mesh, respectively for mortar mixtures 1 and 2. It can be first observed that the higher
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Fig. 1 Typical photo of specimen under bending test.

[+1]
o
o
o

o
o
o
o

&+
(=
o
<«

3000

2000

1000

Equivalent Bending Stress (psi)

L B A B S A |

Mix 1 K
f'c = 12800 p9i]

YT

Steel Mesh

T

Gy 1T T T T T

é i
]
-
)
—
w

4 Layers:
B Layers it

'y
@i
i
j:
o

0.1 0.2 0.3 0.4 0.5

Deflection (in)

Fig. 2 Stress-deflection curves of ferrocement beams reinforced with
steel meshes (1000 psi = 6.9 MPa; 1 in. = 25.4 mm)
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the strength of the mortar. the more efficient the mesh, i.e. the larger the equivalent
bending stress for the same deflection. Stresses of up to 3500 psi (24 MPa) were
achieved with a longitudinal volume fraction of reinforcement of 2.5%. [n several
cases. testing was stopped at a deflection of about 0.4 in. (10 mm) that is = (span/22).
The curves of Fig. 3 illustrate the effects of loading-unloading on the bending
response. This was undertaken to see the extent of the inelastic deformation at a given
load. Because fiber reinforced plastic meshes such as Aragrid. Spectra or Kevlar,
behave almost in a linear elastic manner up to failure, the permanent non-recoverable
deflection at unloading is primarily due 10 the mortar matrix. which can crack and/or
undergo inelastic deformauon. Fig. 4 also describes tvpical bending stress versus
deflection curves of ferrocement beams with 4 und 6 tayers of Aragnd mesh. Here the
effects of loading-unloading is clearer than in Fig. 3. In comparing Fig. 3 with Fig. 2.
it can be noted that Aragrid meshes lead to swresses similar to those obuined with steel
meshes. but with a farger deflection due to their ower elastic modulus. Also larger
crack widths were observed. For the maximum deflection applied, failure of the mesh
did not oceur.

Figure 5 shows the results obrained using 2, 4. and 6 layers of the Spectra mesh
with the morar mixture 2 (Table 2). Here loading was continued up to about | in. (25
mm) deflection, which corresponds to one ninth the span; it can be observed that in all
cases a pseudo-strain hardening response is achieved. Even for the low volume
fraction of reinforcement (i.e. 2 layers of mesh) the curve fluctuates following first
cracking as numerous cracks were formed. A smoother response develops with higher
volume fractions of reinforcements. With 6 layers of mesh, bending stresses of up to
22 MPa are obtained. Fig. 6 illustrates the response of two specimens reinforced with
6 layers of Spectra mesh: one monotonically loaded and one with 4 loading-unloading
loops. Similarly to what was observed with Aragrid meshes, the loading-unloading
curves indicate significant permanent deflection due primarily to cracking of the mortar
matrix in tension and inelastic straining of the mortar in compression.  [n all cases.
failure did not occur due to the mesh fatlure; rather it was initiated in the compression
zone of the mortar at high deflections.

As mentioned earlier, because the Kevlar mesh was too tight and difficult to
penetrate by the mortar matrix, only 2 layers of mesh were used in one series of tests.
Fig. 7 shows a typical equivalent bending stress versus deflection curve obtained.
Given the fact that the volume fraction of reinforcement was the smallest used in this
program (Table 2), the results are the best among the four types of meshes used.
Here a stress of about 3000 psi (21 MPa) is recorded at a deflection of 9 mm. This
performance of Kevlar mesh is likely due to the combination of its high strength. high
modulus, and the small yarn spacing.

4 Concluding Remarks

a. Fiber reinforced plastic meshes can be successfully used in ferrocement
applications; they can lead to a bending response in par with that obtained with steel
meshes. Equivalent bending stresses close to 3500 psi (24 MPa) were achieved.

b. Everything else being equal, the higher the strength of the mortar matrix, the higher
the bending resistance at a given deflection.

¢. For the mortar mixtures used in this study, best results were achieved with the
stiffest meshes, i.e. the mesh with the highest modulus of elasticity.

This preliminary investigation has indicated that FRP reinforcements in the form of
meshes, can be successfully used for ferrocement applications and can achieve
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mechanical performance similar to that obtained using steel meshes. Although
corosion studies were not undertaken here and although good performance can be
inferred. there is need to investigate the durability and long term stubility of
ferrocement using FRP meshes.  There is also need to develop FRP meshes with
parameters especially optimized for ferrocement appiications. These nclude mechanical
parameters such as strength, modulus, and ultimate elongation: geometric paramelers
such as yarn diameter, yarn spacing, specific surtace: and practical parameters such as
rigidity of the mesh for handling and placing, thickness and width of the mesh.
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