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ratios (50 to 200 tic
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2.13 was used ae

The hardened mortar
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samples with 50mm diameter per lOümm

eight speciments in a total with
group, in same conditions of the flexion test.

The ferrocement speciments used in flexion test had a thicKneis
of 15mm, width of 210mm and lenght of lOOOmm, and with steel ratlo

170kg per cubic meter of mortar. Forty eight speciments, gatherad
three groups with different ratios aggregate-cement

flexion tests. In each group four
polymer-cement ratios of 0, 10, 20
specimen ts each.
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In atl tests,
loading stage. Hlso

specimen deflections were measured at hve ,

the cracking load, craching behavior (spacinji,
width and type) and failure load were observed.
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1. INÍRÜDUCTIQN

fhe ierrocement can bt considered as a particular type of

rein<orcf>d 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 sigfi'ficative loads, a differenfe behaviour from that observed

in lhe case of reinforced concrete, considerably the craking load,

the widtti and the fissures spacing.

1

j

The

ferrocemenl

m a n V

arrangements,
the

Rl though,
invoLving the armatures,

influences exercised by the reinforced armature, upon the

structural behaviour has been object of invest i gat i on

researchers around the world. üifferent types,

and volumes of armature, have been used looking for
improvement of the mechanical properties of the ferrocement

with relation to the matrix constituted by cement mortar
there are few researchs.

by

!

I t can be considered that the difficulty related to the
cement matrix properties comes from the

the use of new materiais and technical

significativa alterations in the way

imp r o veme n t

impossibILity to introduce

procedures without promoting
of producing the ferrocement.

o f the

In order to guarantee the versatility of the buildings using

ferrocement, i.e., in the presence of elementary technics usage and
intensive utilization of workmanship (in undeveloped countries) or

through highly mechanized and rationalized processes (in developed

countriec), it is necessary that the introduction of new materiais

and execution methods don ' t imply in big aditional costs and adapt

to the production way adopted in those countries.

The utilization of polymer modified mortars doesn't imply in

significativa changes to any process used in the ferrocement
production. This condition comes to favor the application of

polymers to the fresh mortar because it is constituted in a simple
task that can be easily introduced in the routine of ferrocement

productic.n processes.

characteristics of the hardened

were analised

mortar when the relation

by tests using specimenspolymcf rernent

submited to compression and deformation.
is altered.

i

T tie

f l e X u r e

the

o b s e ra

through
load, ul^imate load and

realization of tests with ferrocement plates submitted to

using matrixes with different latex content had as a result

a:' unuarstanding of their flexural behaviour, allowing to

the polymer influence upon the development of cracking
the results obtained with relation to the first crackinr

width -of craks.

■f
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2. MOTERIQI qI

2.1. CEMENT RND FINE OGGREGRTE
The mortars used in this

portland cement and natural sand
I / íímtn and fineness moduLus = 2,13.

specific gravity
1)60 k g /dm^.

Work were

with maXimum
constituted

size of
hy ordinary
aggregate *

The
was 2,65. kg/dm= ánd its bulk density Wãf.

i

2.2. POLYMER DI5PER5I0N

- in mn mortars analisad i
^ polymer particLes dispersion in

the styrene butadiene rubber latex -
be seen m table 1. «-^tex

The

in this Work i«

Pfoduced

bflR, which properties car

cons titu ted
f rom

I

Specific gravity
(25°) Kg/t

PH ■5u r f aee

Tension

(dynas/cm)

Total

5olids

(%)
I X

- • 1

1,01 1
10,5 32 48

I

■I

Table 1 Properties of Polymer
Dispersion 5BR

2.3. REINFORCEMENT
armature usedThe •V»*'

in the ferrocement plates
welded steel

was constitutad by
2mm diameter,

the wires was BOKN/.-?-

only one mesh

spaced 25x50mm.

aproximately.

f o rmed by wires,
The flow tension obtained for

w i t h
1

3• PRQCEDURE5 BDQPTED IN THE TF5TF

3.1. 5PECIMEN5 PREPRRRTION
amount of latex

from 10, 20 and 30% in

The

5BR - added to the cement mortars,
relation to the cement mass.

V a r i « j

Table 2 shows the character i st ics of
the polymer modified mortar. many ordinary mortars

!

I
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Cemen t-s and

(by weight)

Wa t e r-cemen t

Ratio C%)

Polyme r-cemen t
Ratio (%)

501 :3

(average cement
content - 530 kg/m=)

0

3310

2320

1630

i
1:2,5 0 42

(average cement
content

2610

600 kg/m^) 20 20

30 13

— /
t

t

1:2,0

(average cement
content = 695 kg/m^*)

0 38

2610

1620

30 7

X

Table 2 - Mix proportions of Polymer Modified Mortars

These mixtures were evatuated in their fresh stage relatively

to the consistence and the workability. The conditions required for
mix proportions confection, the handling of the materiais and

desired characteristics to production process usuaLly adopted

the ferrocement plates were studied with polymer modified cement

the

the

for

mo r t a r .

The consistence of cement mortar with or without polymer wa?

in 220mm in the "flow table", value considered convenient for

throwing and compaction of
used in ferrocement pieces,

disposition and the criteria

f i xed

the

no rmally
armature

vibrution.

the fresh mortar in the moldr

taking into account the
usually adopted for iti

I

The establishment of the water-cement ratio adequated for each

mixture containing different latex-5BR percentage was proceeded by

tries, having an acentuated decrease of the water cement ratio with

the increase of latex content in the mortar.

1

o f the

elasticity was 50mm'j

specimens were moldered aceording

The specimens size used for the determination

compressive strenght and the modulus of
diameter by 100mm's hight. These
to the Brazilian Standards NBR 7215.

The specimens suomitted to the flexural test with 15mm x 210mm

X lOOOmm were reinforced by a layer of welded wire mesh equidistant

placed from the plate's surfaces. The armature coating was obtained

by using small polipropilene discs inserted 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.

-A.27-



The mortar mixture was proceed in a mixer normally used for 
concrete, in time enough to make its homogenization possible. The 
mortar compaction, in the interior of the molds made of metal 
plates, was dane using a vibrating table normally utilized for 
reinforced concrete piece~, by a total vibr~tion time of 
aproximately 5 minutes. 

The moist cure of the polymer modifie~ mortars, as in the case 
of cyli ndrical specimens (used fo~ determination of the comp~ession 
strenght and strain modulus), as in that case of plates tested to 
flexion, was promoted until the second day. The first ones were 
maintained in a moist chamber during this time, and the plates were 
kept humid by placing a foam blanket soaked in water on the mo l ds. 
~fter t he second day, the cylindrical specimens and the plates were 
dismounted and kept in ambient, with a dry cure for a period of 26 
days. under a temperature between 20 and 24 a [ and 70\ of re lative 
humidity (70\ H.R.). ~fter that they were sent for tests, always 
executing the n after 28 days of molding. 

3.2. CO MPRESSIVE STRENGHT DETERMIN~TION 

The test for the mortar compressive strenght determination was 
executed following the standards NBR 7215 prescriptions. 

The axial compressive test results for the age of 28 days are 
indicated in figure 1, andare based on 9 specimens average. 

3.3. MODULUS OF EL~STICITY 
The averag e value of the compressive Longitudin a l modulus of 

elasticit y was obtained though the tension x elasticity diagrams 
verification corresponding to the Loading prescribed in the NBR 8522 
standards obtaining the tangent modulus in the origin . 

The 
figure 2. 

results obtained for the mortars with 28 days old are in 

with 
The 

5 
measurement of the shortenings in the mortar specimens 

em diameter and 10 em ·height, was dane by the test equipment 

itself which consists of a hydraulic press linked to a X-Y register, 
making possible the dir ect acquisition of the load v s. displacement 
diagram. 

3.4. FLEXUR~L TESTS ON FE RROCEMENT PL~TES 
~ll the specimens cont ained in their interior reinforcement as 

that alre ady mentioned in item 2.3. 

The 
reached. 
folowed. 

Loading was 
In the load 

The load 
and the appearance, 

and 4. 

applied on the specimens until the cracking was 
application stages the pieces deformations were 
responsable for the first visible cracking 
plates ultimate load can be seen in figures 3 

During the loading st~ges, from the fir~t cracking load, the 
sistemat ic cracking avaliati ·on was dane through the maximum width 
and average crack width mea su rement . 

-A. 28 -



maintained freely supported, being measured
spec i f ic

The specimens were
transversal dispLacements

to lhe severaL loading stages, and observed the cracK

thf
def ormationstheandthe

cor responding
width through a crack scale Mitutoyo.

car

deF
]

dtstributed in three
content of 530,

48 un i t s ,

cement aver.íie
The total specimens number was

series of 16 specimens, presenting
BOO and 635 kg/m^ in mortar.

an(

f a(

th

wa
i t wascontent,In each series showing a determined cement

the poLymer-cement ratio according to the percentage of 10%,

and 30%, having a specimens serie that didn't received polymer,

In each series, 4 specimens were tested.

!va r i ed

20%

to be used as comparation. f l

de
conditions ofcompacting and unmoulding

series .
mould 1ng
the s ame for a L l

The mi X t u re

the specimens were

» I

f mo

item 3.1 was different in the case
maintained in moist cure

The cure method referred in

of plates without polymer, which
during 28 days.

3.4.1. L0RDIN6 HNU FLEXURHL TESl INSTRUMENTOTlUN SCHEME
Figure 5 shows the scheme used in the flexural test, where the

plate's loading was introdiiced by a hydraulic jack
electric load cell, concentrated on the four point loading of the

theorical span (specimens were tested under four point loading with

span equal SOOmm).

a

were
wh

th
linked to

d e

w i

th'!

the loading direction made possible a better
and the crack width following.

transversal displacement were measured by mechanical
Mitutoyo, with sensibility of

This inversion in

observation

va

plates
deflectometers

50mm.

The tt
1/100mm and scale of

1 r

o f

1C
The deflectorneters disposition is showed in figure 5.

was also used an inductive

which was linked to a X-Y register

making possible the precise
determination of lhe cracking load of the plates durant the test.

the di sp l acetiíen t measurement itI n
Pt

deflectometer on the span center

to obtain the load-displacement diagram
4

I
s

ol

4. flNRLYSlS OF THE RE5ULT5

l a
4.1. C0MPRE55IVE 5TRENGHT

The polymer modified mortars, with cement content of 600 and

a sensible decrease in the compressive strength
the polymer-cement ratio increase, respectively of 23% and 16%

in relation to the common mortar.

695 kg/m^ showed
with

t
k

eI

This

relatively
researchers (3).

smaller compressive strength of polymer modified mortar,
to the common mortar has already been verified by others

-A.29-



flLthough, for the mortar with smaller cement content (530/m=*),

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.

the

Considering that the studied mortars
and were submited to the same cure

factors that can have influenced

the materiais proportion,
water-cement ratio, poLymer-cement ratio

have the same components
criteria, the intervenient

the results are those relative to

i.e., polymer-cement unload volume ratio,
and so on.

4.2. M0DULU5 OF ELH5TICITY

The modulus of elasticity is 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 values found for the
mortars. Polymer-cement ratios

a decrease of 38%, aproximately, in their modulus of
when compared to common mortar.

í p olyme r

of 30% bring to the several mixtures

mod i f i Ef.

!

elasticit-y

4.3. FLEXURRL BEHPOIOUR

The

improvement
contribution by

o f the
increasing the polymer-cement ratio upon
ferrocement flexural strength has been

being the mortar's composition kept
cement volume, varying the polymer-cement ratio and

armatures.

the

described

with

the characteristics of the re i nforcement

Works (5,6)1n many

a constant

In this work the armature is the same in all the

varying the cement content and the polymer-cement ratio.
specimr,-. s

The ferrocement specimens

plymer-cement ratio,
cemen t content

first cracking
can

in the mortars, with exceptinn
polymer-cement ratio r

load increases with

seen in figure 3the

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

it bea s

t

I

.!
í

The specimen’s ultimate load decreases with the increase of th^í

polymer-cement ratio, i ndependen t l y of the cement content. In figv>
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 5BR latex.

.'e

.-1!.
Figure 6 shows the relation between the average cracks wid. íi

and the flexural load of the specimens.

I

For

kg / m^),

efectively

the matrices with bigger cement contents (600 kg/m^
the increase

and 695

contributfcs mor:o f the polymer-cement ratio

to the decrease of the average cracks width. However for

I
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p

5

I

content (530 kg/m^), the
didn't impLy in an average

smalLer cemen t

polymer-cement ratio
the case of martar with
inc rease

crack width reduction.

of the

1

the variation of

which depends

beyond others

the

on the cement

intervenient

this fact comes from

between matrix and armature

and the poLymer-cement ratio,

reason forThe

adherence

content

factors in the mortar compaction.

■ T

i

tend to

mortar, wha t
modified matrix

to common

with polymer

ductility comparativeLy
The ferrocement pLates

present a bigger
favors the crack width Limitation.

of 600 kg/m^ were those whichcement content

the polymer-cement ratio increment, from
plates with

inf Luence of

The

the bes t

the point of view of the crack width Limitation.
I

5. CQNCLUSIONS (

C

The first cracking Load is increased by the use of poLymers

in the mortar independentLy of cement content.
a .

I

i

the increase of the

this fact attenuated by
Load has reduction with
ratio, being

The uLtimate

p0 L yme r-cemen t
increment of the mortar cement content.

b. £the I

theforthe mortar is good

crack width in the ferrocement, aLthough
ratio to be

The use of poLymers in

Limitation

must be considered the best cement-aggregale

c .

of the

i t

used .

theinfLuences froms o f e r ss t reng thThed. compression

poLymer-cement ratio and the cement content.

content the moduLus of eLasticity
of the mortar poLymer-

determined cement

inverseLy with
For a

varies

cement ratio.

e .

the increase

to the ferrocement mean
mechanical

the

brought by poLymers
improving not

as 1 ts

The beneficts

r e a L

p rope r t ies ,
cracking attenuation.

f .
on L y the

durability in face
possibiLities for

a s we L L
o f

I

in mortar consists on a simpLe procedure
absorved within the used technics in

o f L a t exThe use

eas i L y
cons truetions.

g •
the ferrocement
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