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ABSTRACT

The addition of fibers in materials can provide an improvement in their nechanical
characteristics. The aim of this work is to evaluate the effect of polypropylene fibers on
compressive strength and workability of mortars and, compressive strength of ceramic
block masonry prisms and masonry efficiency ratio. Mortar proportions were 1:1:6
(cement:lime:sand - volume percent) and water/cement ratio was adjusted to reach the
ideal workability. Six different mortars were formulated with polypropylene fibers from two
lengths (12 and 18 mm), types (monofilament and multifibrilated) and ratio (1 and 2%), and
one reference mortar (without fibers). Results showed that the addition of the fibers
increased mortar compressive strength and also contributed to increase in masonry prisms
compressive strength, and, consequently, the masonry efficiency ratio. It was also
confirmed that fibers reduce mortar workability.
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INTRODUCTION

Fibrous materials are constituted basically by two phases. the fibers and the matrix in
which the fibers are involved. In the case of building materials, matrix are usualy fragile
(they fail with little plastic deformation), especially pastes, mortars and concrete of mineral
binders (REGATTIERI et al, 1996).

SILVA et al (1990), mentions that fibers with low elastic modulus and high deformation, as
polypropylene fibers, have a high capacity of energy absorption.

The principal benefit of the use of fibersis the post-fissuring behavior of the composite. It
can avoid the catastrophic failure, exhibiting, eventually, a larger plastic deformation
before the rupture.

The aim of this work is to verify the influence of additions of polypropylene fibers on
compressive strength of mortars and masonry prisms, and, on the masonry efficiency ratio
(ratio between masonry compressive strength and unit compressive strength).

MATERIALSAND METHODS

Compressive strength and water absorption of ceramic structural blocks are respectively
14 MPa and 21%. Sand was washed and can be classified as medium as defined by the
Brazilian Standard NBR7211 (1983) and British Standard BS1200 (1976); unit mass and
fineness modulus are, respectively, 1.40 kg/dnT and 1.69.

The cement was a CP 1V-32 type (pozzolanic cement as defined by Brazilian Standard
NBR5736, 1991). The lime was a CH |1l type (magnesia lime as defined by the Brazilian
Standard NBR 7175, 1996).

Two kinds of polypropylene fibers were used: monofilament and multifibrilated. Table 1
shows some characteristics.

Table 1- Some polypropylene fibers characteristics.

Material Polypropylene
Density 0.91 kg/dn?
Elastic modulus 3500 — 3600 N/mn’
Tensile Strength 320 — 400 N/mn?
Alkalis Durability Excellent

Volume proportions were 1:1:6 (cement:lime:sand), in volume, which represent 1.0,73:8,9in
weight.



One reference mortar (without fibers) and six mortars (with fibers) were formulated,
varying the length, the type and the ratio of polypropylene fiber (weight percent relative
to cement weight), as described in the Table 2.

Table 2- Mortars with polypropylene fibers.

Fiber type Length (mm) Ratio (weight percent)
PPM118, Multifibrilated 18 1
PPM118, Multifibrilated 18 2
PPMn12; Monofilament 12 1
PPMn12, Monofilament 12 2
PPMn18; Monofilament 18 1
PPMn18, Monofilament 18 2

Mortars were made manually. Cement, lime and sand were placed and mixed dry. Then
water was added, followed by the addition of the fibers. Water quantity was adjusted to
reach the appropriate workability.

For each mortar, consistency was measured with the flow table test, according to the
Brazilian Standard NBR 13276 (1995). Twenty days old compressive strength was
measured according to Brazilian Standard NBR 7215 (1996).

Three prisms of each mortars with three structural blocks were made with 10 mm joints.
Twenty eight days old prism compressive strength was measured according to Brazilian
Standard NBR 8215 (1983).

RESULTSAND DISCUSSION

Asexpected and as it can be seen on Table 3, the fibers addition, independent of the type,
length or ratio, leads to a workability decrease and water/cement ratio increase. However,
it was noted that addition of fibers increases the mortar cohesion on the holes of the
blocks, reducing the losses and, avoiding a supplementary loading of the structure, due to
the accumulation of the mortar in the holes of the units.

Comparing monofilament fibers mortars with multifibrilated fibers mortars, it can be seen
that the latter reduce water consumption; this is probably due to its higher diameter and
lower specific surface (TANESI and AGOPY AN, 1997).



Table 3- Results.

PPMt PPMt | PPMn | PPM | PPMn | PPMn | Refere
18, 18, 12 n 18, 18, nce
12
Water/cement ratio 2.07 2.26 213 223 | 218 246 193
Consistency (mm) 25450 | 23500 | 26850 | 2250 263.00 [ 24300 | 26250

0
Mortar 2.00 190 171 169 | 141 130 1.26
compressive +002 | £+015 | +£029 + [+£015| £013 | £0.16
strength (M Pa) 0.25

Prism compressive 4.6 4.89 514 498 | 557 5.29 444
strength (M Pa) +023 | £+054 | +£043 + [+036| +03 | £026
0.23
Masonry efficiency| 0.35 035 0.37 036 | 040 0.38 031
ratio

Table 4 shows the variation of the mortars compressive strength. Although, the literature
contradicts this fact (DANTAS and AGOPY AN, 1988), it can be seen from this study, that
polypropylene fibers addition increases mortars compressive strength.

Table 4- Variation of the mortars compressive strength.

Fiber-modified mortar compressive strength related to reference mortar (%)
PPMt18, +60,32
PPMt18, +50,79
PPMn12; +35,71
PPMn12, +34,13
PPMn18, +11,90
PPMn18, +317
V\:;g::t Reference

Table 5 gives the variation of the prisms compressive strength formulated with
polypropylene fibers mortars. It can be seen that there is a significant increase of the
prisms compressive strength molded with the fiber-modified mortars. It was observed that
all the prisms break on the same way, i.e. a rupture with vertical cracks parallel to the
applied load and, exhibiting a detachment of the faces of the units.



Table 5- Variation of the prismscompressive strength.

Prisms compressive strength of fiber-modified mortars related to prisms
compressive strength of the reference mortar (%)
PPMt18, +11,36
PPM118, +11,36
PPMn12, +1818
PPMn12, +1364
PPMn18, + 27,27
PPMn18, +20,45
V\]fi'g::t Reference

According to GOMES (1983), the masonry efficiency ratio for ceramic blocks varies from
0,16 to 0,39. The present study confirmed these results. It was also verified that the
addition of the fibers has an influence on the masonry efficiency ratio; it can be noted on
Table 6 that there is some variations, principally for the prisms made with the 18 mm
polypropylene fiber monofilament mortars.

Table 6- Variation of the prisms masonry efficiency ratio.

Masonry efficiency ratio for prisms with fiber-modified mortars related to
masonry efficiency ratio for the prism with the reference mortar (%)
PPMt18, +12,90
PPMt18, +12,90
PPMn12, +19,35
PPMn12, +16,13
PPMn18, +29,03
PPMn18, + 22,58
V\f/i'ég):t Reference
CONCLUSIONS

The addition of the fibers to fresh mortar must be done very carefully to ensure that the
dispersion and orientation of fibers is homogeneous. According to JOHNSTON (1994),
the fibers which are paralel to the composite crack are not very efficient, while fibers
which are perpendicular can limit the crack propagation.

Literature states that the addition of polypropylene fibers in cement-based materials
doesn’t lead to higher compressive strength (MEHTA, 1994) and, it can be sometimes
harmful, due to the excessive formation of air-entraining (ALMEIDA, 1999). In this study,



we find the contrary, even if the water/cement ratio must increase with the fiber addition
due to the necessity to reach a good workability.

According to METHA (1994), for most of the applications, mortars and concretes
containing fibers exhibit a very low consistency. In our study, it was verified that the
addition of fibers to the mixture increases the water demand but provided a reasonable
consistency, in agreement with the recommendations of the Brazilian Standard NBR 13276
(1995).

The highest mortar compressive strength was obtained with multifibrilated polypropylene
fibers.

On the other way, the highest prism compressive strength was obtained with the 18 mm
length monofilament polypropylene fibers mortars. According to FIGUEIREDO (1997)
apud TANESI et alli (1997), increasing the length of the fiber increases the probability of
the fiber intercept a crack spread.

Fiber quantity (1 or 2 %) didn't ater significantly mortars and prisms compressive
strength. However, according to KRENHEL (1975) apud TANES! et alli (1997), the fibers
ratio has an important effect on cracking due to shrinkage.

The addition of fibers contribute to the increase of the masonry prism efficiency ratio.
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