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ABSTRACT

The study of ferrocement mechanical properties when  wusing
styrene butadiene rubber latex modified mortars is presented in this
work. The polymer modified mortars were prepared wusing aqueans
polymer dispersons at various polymer-cement  ratios (50 to 200 ug
per cubic meter of mortar), and welded wire meshes.

Natural sand with fineness modulus = 2.13 was used at
aggregate, and the consistance of fresh mortar were fixed in 220w
at flow table apparatus.

The hardened mortar characteristics were evaluated by
compression and deformation tests. In wuniaxial compression test
speciments to determine the modulus of elasticity were wused

cylindrical samples with 50mm diameter per 100mm LlLenght, and were
used one hundred eight speciments in a total with nine in e€act
group, in same conditions of the flexion test.

The ferrocement speciments used in flexion test had a thickne:s
of 15mm, width of 210mm and lenght of 1000mm, and with steel ratis
~of 170kg per cubic meter of mortar. Forty eight speciments, gatherad
in three groups with different ratios aggregate-cement were used
flexion tests. In each group four series were performed, with
polymer-cement ratios of 0, 10, 20 and 30 percent, with ¢ ;-
speciments each.

In all tests, specimen deflections were measured at EVE

loading stage. Also the cracking Lload, craching behavior (spacing,
width and type) and failure load were observed.

From the results of the tests, it is concluded that t..z
polymer-cement ratio has influence on cracking behavior, crackin,
load and hardened mortar compression strenght. These characteristics
can change at different relations depending of cement content o
cubic meter of mortar that were used in a specific polymar-cement
ratio.
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1. INTRODUCTION

ihe {errocement can be considered as a particular type of
reinforced concrete, showing very special characteristics related
to structural performance and durability. The small thickness and
the armature finely distributed in the interior of the cement
mortar, give to the ferrocement structural elements, when submited
to significative loads, a differente behaviour from that observed
in the case of reinforced concrete, considerably the craking load,
the width and the fissures spacing.

The influences exercised by the reinforced armature, upon the
ferrocement structural behaviour has been object of investigation
by many researchers around the world. Different types,
arrangements, and volumes of armature, have been used looking for
the 1improvement of the mechanical properties of the ferrocement.
Although, with relation to the matrix constituted by cement mortar

involving the armatures, there are few researchs.

It canm be considered that the difficulty related to the
improvement of the cement matrix properties comes from the
impossibitity to introduce the use of new materials and technical
procedures without promoting significative alterations in the way
of producing the ferrocement.

In order to guarantee the wversatility of the buildings using
ferrocement, i.e., in the presence of elementary technics usage and
intensive wutilization of workmanship (in undeveloped countries) or
through highly mechanized and rationalized processes (in developed
countries), it is necessary that the introduction of new materials
and execution methods don't imply in big aditional costs and adapt
to the production way adopted in those countries. :

The wutilization of polymer modified mortars doesn't imply in
significative <changes to any process used 1in the ferrocement
production. This condition comes -to favor the application of
polymers to the fresh mortar because it 1s constituted in a simple
task that can be easily introduced in the routine of ferrocement
procuctiocn processes.

The characteristics of the hardened mortar when the relation
polymer -cement is altered, were analised by tests using specimens
submited to compression and deformation.

The realization of tests with ferrocement plates submitted to
[lexure wusing matrixes with different latex content had as a result
the ‘'2-! unierstanding of their flexural behaviour, allowing to
observe the polymer influence upon the development of cracking
through the results obtained with relation to the first cracking
load, ultimate load and width .of craks.
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2. MATERIALS

2.1. CEMENT AND FINE AGGREGATE

The mortars used in this work were constituted by ordinary
portland cement and natural sand with maximum size of aggregate =
1,2mm and fineness modulus = 2,13,

The specific gravity was 2,65, kg/dma and its bulk density was
1,60 kg/dm3.

2.2. POLYMER DISPERSION
; The polymer used in the cement mortars analised in this work ic
constituted by a polymer particles dispersion in water, produced

from the styrene butadiene rubber latex - SBR, which properties car
be seen in table 1.

. Specific gravity pH ‘Surface Total

! (25=) Kg/l : Tension Salids

§ (dynas/cm) (%) :
i~-___-_____-___-____-_______-_-_____-_____-__; _______________________ i
! H
: 1,01 10,5 32 48 !
Pk o o L RSN el T e !

Table 1 - Properties of Polymer
Dispersion - SBR

2.3. REINFORCEMENT

The armature used in the ferrocement plates was constituted by
only one mesh formed by welded steel wires, with 2mm diameter,
spaced 25xS0mm. The flow tension obtained for the wires was BOKN/-==
aproximately.

3. PROCEDURES ADOPTED IN THE TESTS

3.1. SPECIMENS PREPARATION .
: The amount of latex - SBR - added to the cement mortars, varie®
from 10, 20 and 30% in relation to the cement mass.

Table 2 shows the characteristics of many ordinary mortars apo
the polymer modified mortar.
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Cement-sand Polymer-cement Water-cement 4
(by weight) : Ratio (%) Ratio (%)

123 0 50 '
(average cement 10 33 :
content = 530 kg/m3) 20 23 :

30 16 :
_____________________________________________________________________ i

Ti2dsd : 0 42 $
(average cement 10 28 !
content = 600 kg/m3) 20 20 :

30 13 i
}

1:2,0 0 38 :
(average cement 10 26 !
content = 695 kg/m3) 20 16 H

30 7 !

- -t s - - o M e e e e e e e e e e G M G G e S e e S e e S e o -

Table 2 - Mix proportions of Polymer Modified Mortars

These mixtures were evaluated in their fresh stage relatively
to the consistence and the workability. The conditions required for
the mix proportions confection, the handling of the materials ana
the desired characteristics to production process usually adopted
for the ferrocement plates were studied with polymer modified cement
mortar. :

The consistence of cement mortar with or without polymer wacs
fixed in 220mm in the “flow table*, value considered convenient for
the throwing and compaction of the fresh mortar in the mold:
normally used in ferrocement pieces, taking 1into account the
armature disposition and the <criteria.- usually adopted for it:
vibration.

The establishment of the water-cement ratio adequated for each
mixture containing different Latex-5SBR percentage was proceeded by
tries, having an acentuated decrease of the water cement ratio with
the increase of latex content in the mortar.

The specimens size used for the determination of the
compressive strenght and the modulus of elasticity was 50mm’:
diameter by 100mm’s hight. These specimens were moldered according
to the Brazilian Standards NBR 7215.

The specimens submitted to the flexural test with 15mm x 210mm
x 1000mm were reinforced by a Layer of welded wire mesh equidistant
placed from the plate's surfaces. The armature coating was obtained
by wusing small polipropilene discs 1inserted in the mesh's wire,
adequately positioned in order to avoid that the mesh's ondulations
would alter its positioning in the interior of the matrix.
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The specimens were maintained freely supported, being measured
the transversal displacements and the specific deformations
corresponding to the several loading stages, and observed the crack
width through a crack scale Mitutoyo.

The total specimens number was 48 units, 4istributed in three
series of 16 specimens, presenting cement averaje content of 530,
600 and 635 kg/m* in mortar. :

In each series showing a2 determined cement content, it was
varied the polymer-cement rati1o according to the percentage of 10%,
20% and 30%, having a specimens serie that didn't received polymer,

to be used as comparation. In each series, 4 specimens were tested.

The mixture, moutlding, compacting and unmoulding conditions of
the specimens were the same for all series.

The cure method referred in item 3.1 was different in the case
of plates without potymer, which were maintained in moist cure
during 28 days.

3.4.1. LOADING ANU FLEXURAL TEST INSTRUMENTHTLION SCHEME

Figure 5 shows the scheme used in the flexural test, where the
plate’'s loading was introduced by a hydraulic jack Llinked to
electric  load cell, concentrated on the four point loading of the
theorical span (specimens were tested under four point loading with
span equal 900mm).

This inversion in the loading direction made possible a better
observation, and the crack width following.

The plates transversal displacement were measured by mechanical
deflectometers Mitutoyo, with sensibility of 1/100mm and scale of

S0mm.
The deflectometers disposition is showed in figure 5.

In the displacement measurement it was also used an inductive
deflectometer on the span center, which was linked to a X-Y register
to obtain the load-displacement diagram, making possible the precise
determination of the cracking load of the plates durant the test.

4. ANBLYSIS OF THE RESULTS

4.1. COMPRESSIVE STRENGHT
The polymer modified mortars, with cement content =
: : of 600 and
695 kg/m* showed a sensible decrease in the compressive strength,

with the polymer-cement ratio increase, respectivel f
in relation to the common mortar. 2 WIELE 3 ASWARE 0

This smaller compressive strength of polymer modified mortar,

relatively to the common mortar has already b ifi
researchers (3). y been verified by others
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Although, for the mortar with smaller cement content (530/m3),
the polymer-cement relation increment aided the strength gain, as it
can be observed by figure 1. Obviously, the compressive strength
depend on several factors and the interation among them.

Considering that the studied mortars have the same components

and were submited to the same cure criteria, the 1intervenient
factors that can have influenced the results are those relative teo
the materials proportion, i.e., polymer-cement unload volume ratio,

water-cement ratio, polymer-cement ratio, and so on.

4.2. MODULUS OF ELRASTICITY

The modulus of elasticity 1is a measure of the mortar
flexibility, and the increase of the latex in the matrix, brings the
decrease of its value (4),

Figure 2 shows the wvalues found for the polymer modifiec
mortars. Polymer-cement ratios of 30% bring to the several mixtures
a decrease of 38%, aproximately, in their modulus of elasticity.
when compared to common mortar.

4.3. FLEXURAL BEHAVIOUR

The <contribution by 1increasing the polymer-cement ratio upon
the 1improvement of the ferrocement flexural strength has been
described in many works (5,6) being the mortar’'s composition kept
with a constant cement volume, varying the polymer-cement ratio and
the characteristics of the reinforcement armatures.

In this work the armature is the same in all the specime..s
varying the cement content and the polymer-cement ratio.

The ferrocement specimens first cracking Lload increases witkh
the plymer-cement ratio, as it can be seen in figure 3
independently of the cement content in the mortars, with exceptinn

of mortar with cement-sand ratio 1:3 and polymer-cement ratio
10%. .

The specimen’s ultimate lLload decreases with the increase of th=
polymer-cement ratio, independently of the cement content. In fig.ve
4 the obtained values are showed, where only the mortar with cemen.
sand ratio 1:2 and polymer-cement ratio of 10% overcame the value
obtained with common mortar without the SBR latex.

Figure 6 shows the relation between the average cracks wid:.u
and the flexural load of the specimens.

For the matrices with bigger cement contents (600 kg/m3 and 69%

kg/m=), the increase of the polymer-cement ratio contributes mor:
efectively to the decrease of the average cracks width. However, for
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the case of mortar with smaller cement content (530 kg/m*), the
increase of the polymer-cement ratio didn't imply in an average
crack width reduction. :

The reason for this fact comes from the variation of the
adherence between matrix and armature which depends on the cement
content and the polymer-cement ratio, beyond others intervenient
factors in the mortar compaction.

The ferrocement plates with polymer modified mafrix tend to
present a bigger ductility comparatively to common mortar, what
favors the crack width limitation.

The plates with cement content of 600 kg/m* were those which

had the best influence of the polymer-cement ratio increment, from
the point of view of the crack width limitation.

S. CONCLUSIONS

a. The first cracking load is increased by the use of polymers
in the mortar independently of cement content.

b. The ultimate Lload has reduction with the increase of the
: polymer-cement ratio, being this fact attenuated by the
increment of the mortar cement content.

c. The use of polymers in the mortar is good - for the
limitation of the crack width in the ferrocement, although
it must be considered the best cement-aggregate ratio to be
used. :

d. The compression strength sofers influences from the
polymer-cement ratio and the cement content.

e. For a determined cement content the modulus of elasticity
varies inversely with the increase of the mortar polymer-
cement ratio.

f. The beneficts brought by polymers to the ferrocement mean
real possibilities for improving not only the mechanical
properties, as well as |its durability in face of the
cracking attenuation.

g. The use of Latex iin mortar consists on a simple procedure

easily absorved within the used technics in the ferrocement
constructions.

-A.31-




6. REFERENCES

ASSOCIACYD BRASILEIRA DE NORMAS TECNICAS, Rio de Janeiro
Colec¥o de Normas: cimento, concreto e agregados. Rio de
Janeiro, 1987. 331p.

0

ASSOCIACY¥0 BRASILEIRA DE NORMAS TECNICAS, Rio de Janeira - NBR
8522 - Concreto - Determinag¥%o do Médulo de Deformag3ec
Estética e Diagrama Tens¥o x Deformagdo.

NEELAMEGAM N. et alii - Polymer Mortar Composite Matrices f-r
Maintenance - Free, Highly Durable Ferrocement. Journal aof

Ferrocement: vol. 14, ne 4, October/1984, p.337-345.

EMPRESRS DOW - Departamento de Latices Sintéticos (Dow Chemical
Company Laboratories) - LATEX DL 460 - Catalogo Técnico. 5¥%»
Paulo, Brasil, 32p.

OHAMR, Y. & SHIRAL. A. = Flexural Behaviour of Polym.
Ferrocement with Steel Fibers. Journal of Ferrocement: vaot.
14, no 3, July/1984, p.205-210.

SHIRAT, A. & OHAMA Y. - Improvement in Flexurai Behaviour znd
Impact Resistance of Ferrocements by Use of Polymers. Jourr =i
of Ferrocement: vol. 20, ne 3, July /1990, p.257-264.

=R 3=




APPENDLX - t LLURES

Polymer/Cement va. Compressive strength
Ferrocement plates with polymer-modlﬂcd
mortars as matrhms
% compressive strength (MPa)
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Figure 1

Polymer/Cement vs. Modulus of Elasticity
Ferrocemant plates with polymer-modified
mortars as matrixes
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Figure 2
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Polymer/Gement va. First cracking load
Ferrocemant plates with polymer-modified
mortars as matrixes

tirst aracking load (kN)

Polymer-Cement ratio(%)

Legend
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Figure 3

Polymer/Cement vs. Uitimate load
Farrocement plates with polymer-maodifled
mortars as matrixes
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Figure 4

POSITION OF DEFLETOMETERS AND LOADING POINTS
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Figure 5
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Average crack width ve. Flexural load
Ferrocemant pistes with polymer-modified
mortars as matrixes

Sy Cemant-sand ratios 1.3 Cemant-sand ratio~ 1:2.5 2 Cament-sand ratios 1.2
sxural load "":’4 _ iComent contente 630 ig/m3) Ly . (Coment contents 600 ka/ma) Lo . (Coment contents 606 ka/ma)
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Aara0s Crack Width (mm) Average Crack width (mm) Average Crack Width (mm)
; Legend
T P/C ratios 0% —— P/C ratios 10%
~*= P/C ratios 20% —*— P/C ratio= 30%
Figure 6
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