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Abstract

This study concerns the development and analysieeoKraftterra composite — raw earth stabilized
with disperse fibers made with kraft paper fromyséed cement sacks — for the production of CEBs
and mortar for masonry infill elements. Its mairabis to define the behavior of small walls (pri3ms
of Kraftterra in relation to diagonal compressidihe tests show that the prisms produced with
Kraftterra CEBs and mortar show excellent bondngfife between block and mortar. All the prisms
tested presented fissure lines very close to thmaldoad line and the fissures occurred in thekdo
and in the mortar in similar manner, without separabetween these elements. The mortar produced
with Kraftterra results in strong bonds betweenckéo and produces homogeneous construction
elements with uniform performance, that is, withhimonolithicity.

1 Introduction

Every year, several tons of cement are used icdhstruction industry. After use, most of the cetmen
sacks are disposed in nature without any treatn@egting an enormous negative environmental
impact. In 2008, for instance, the production aheat in Brazil reached 59.9 million tons. From this
production, 73% were sold in sacks, which is theiedent of 37.3 million tons [1]. Considering each

sack contains 50kg of the material, it can be esth that in Brazil, in 2008 alone, 747.3 million

sacks of cement were thrown away. This means auogutson of about 112 thousand tons of natural
multilayer kraft paper for this use.

The fibers of the sacks of natural Kraft paper hexeellent physical and mechanical propertiess It i
made according to the rigorous specifications deledrby the cement industry. It is a high strength
cellulose sulfate of long fiber, which is mainlyedksin its pure form.

After the use of the cement, the sack, made of genmhwith such good physical and mechanical
characteristics, is not reused by the paper rewyaddompanies because it has been contaminated with
cement. There is, however, great potential fouses in the production of new building components.
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Rigassi [2] states that the addition of fibers &inforce the earth is very common in traditional
constructions with adobe blocks, but that thisnisncompatible with the compression process of the
CEBs, because it produces mixtures that are tosti@larhe analysis with Kraftterra indicates the
opposite. This article describes the process alymtion of Kraftterra, as well as the behavior roid
walls (prisms) made with CEBs and mortar from Keaff in relation to diagonal compression.

2 Kraftterra production process

The first stage of the recycling process is theartleg of the cement sacks, which are normally
discarded with rests of the material in the bottparticularly between the closing folds of the sack
This procedure is more necessary with sacks thet heen exposed to excessive humidity or have had
contact with water, which can mean the presensenail rocks of hardened cement or even large rigid
plates in the bottom. This solid material can daenidig recycling equipment. This stage requires care
in the handling of the sacks to avoid contaminatlbis necessary the use of security equipmert suc
as gloves, glasses, masks, and adequate clothing.

After cleaning, the cement sacks are transformed @ cellulose pulp, which is basically the
dispersion of the craft paper fibers. This disperss done through the immersion of the cementsack
in water and agitating until the separation offibers is complete. The addition of chemical praduc
or heating of the water are not necessary.

To remove the excess water from the cellulose pghkpuse of a centrifuge is recommended. Then, the
fibers must be dispersed. For this stage, the tisewaste grinder or a tree grinder, largely used i
gardening, is recommended. After the dispersianptiocess of mixing the Kraftterra can begin.
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Figure 1: Agitator (left); centrifuge (center); awdste grinder (right).

The mixture of the new composite can be done wiftflerént tools and equipments such as a hoe, in
manual processes, or even large soil mixers in eméchl and industrial processes.

With the use of concrete mixers, some measures Ipeutitken to achieve a homogeneous mixture. In
case a mixture rolls for a period longer than wizaihecessary for théomogenization of the

composite, it starts to present clusters (Fig. e more this happens in a mixture, the less
homogeneous it will be, which could compromisefthal performance of the building components.
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Figure 2: Mixture of Kraftterra in a concrete mixesulting in clusters
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For the production of CEBs with Kraftterra, thereot order of putting materials in the mixture must
be followed, because it affects the efficiency &ndhogeneity of the composite. It is also necesaary
strict control to guarantee the adequate humiditthiv the mixture, once the humidity of the

composite directly affects the final performancd #re physical-mechanical properties of the bugdin

components and masonry infill elements.

First, one must put the disperse fibers. Then, @lgrortion of the earth previously mixed with cethe
should be added to cover the fibers uniformly vatthin layer, in order to avoid clusters. Slowll, a
the earth previously mixed with cement must be dddethe mixture, and the mixer should stay on
until the mixture is homogenous. Then, water muwestaldded slowly, until the ideal humidity for
compacting is achieved. It is recommended to prtthter in some type of pulverization or dispersion
system, in order to avoid saturating the mixtureentain spots. With the homogeneous mixture, the
composite is removed from the equipment and thege®of compacting of the CEBs can begin.

The CEBs were produced with 6% of cement (in ma&&¥),0f disperse fibers (in mass) and enough
water content for each composite to reach optimampacting humidity levels.

3 Prototypes description and test campaign

3.1 Compressed earth blocks - CEBs

For the production of the CEBs, a manual press TEERAM made by Apppro-Techno was used
(Fig. 3). This press produces two solid flat CEBs dime, with the following dimensions: 22cm x
11lcm x 5,5cm. It has a system of adjusting thefhiegd volume of the form with metallic bars below
the lever arm responsible for lifting the bottomtltoé form.
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Figure 3: Press TERSTARAM. Detail of the heighuatisystem of the form (right).

After pressing, the CEBs were cured in a place withtrolled ventilation and no direct sunlight. For
the standardizing of the cure conditions and nevriag or detriment of the CEBs from Kraftterra or
soil-cement, all the CEBs were cured identicallg &m prevent loss of humidity, that is, throughyonl
the environmental conditions of the laboratory heiit any humidifying process. There was no record
of fissures or other pathologies on the CEBs dubdaure process neither in the Kraftterra blouaks

in the soil-cement blocks. The soil used for thedpiction of the CEBs had 84,5% of sand and 15,5%
of fine fraction (7,3% of silt and 8,2% of clay)hi§ soil is from a region next to Aveiro, Portugal.

3.2 Production process of masonry infill elements

The choice was made to make the mortar with theessoil and same composition of the CEBs, that
is, Kraftterra. The consistency of the mortar dedsaquantities and proportions of water in the
mixture much higher to those of the CEBs. Howetlee, higher the humidity in the mixture is in

relation to the optimum values of humidity, the w®rthe final performance and physical and
mechanical characteristics of the composite. Tleeefthe amount of stabilizers in the mortar was
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increased in order to guarantee that all the ieféiments had uniform behavior and performance. The
mortar has 12% of cement in mass.

To guarantee a good unity between blocks and manter must prevent the CEBs from absorbing the
water from the mortar too quickly. Thus, the blocksst be wet immediately before laying. It is
recommended submerging the CEBs in water for astmonds. The excess water on the blocks can be
removed with a sponge.

The difference between the bricklaying process witittar from Kraftterra and that from soil-cement
is due to the presence or not of fibers in the mnetwhich creates difficulties in the use of mason
trowels and finishing trowels. When removing theessive Kraftterra mortar after laying the CEBs,
the use of a mason’s trowel removes more matdnah ihecessary leaving empty spaces between
blocks, which could compromise the final performauot the subsystem and result in an unappealing
finish in the case of walls with facing CEBs. Tdvsothis problem, the elements were laid without a
mason'’s trowels. With only waterproof gloves, itsy@ossible to lay the bricks without difficulty, thi

less waste of materials and without consuming mone. The gloves are recommended for the
composites that contain cement. For the Kraftterbeures that have no cement, this process can be
done by bare hands.

The prisms were cured in the laboratory in regatarironmental conditions, without direct sunligiht o
artificial ventilation. No humidifying process wased during the cure period.

3.3 Diagonal compression strength test - walls

The prisms tested in diagonal compression were mattefive courses, each with one CEB and a
half, and joints with approximately 15mm, whichuked in square prisms with average dimensions of
34,5 x 34,5 cm and 10,6cm in thickness.

The test was performed according to the RILEM rememdations [3] and ASTM standards [4]. This
test was done in the following way: a square mas@anel is submitted to a compressive force,
applied in two opposite corners along a diagonat) its rupture. The shear force is deduced from t
diagonal compressive force based in a theoreticatilsbtion of normal and shear stress for a
continuous, homogeneous and elastic amount of rahter

To measure the deformities resulting from the testiixation and support system was developed for
the placement of strain gauges through the useaddbpld anchor bolts. This device allows an
aluminum bar of circular section to be placed dmto points, in one of which the movement of the
bar is free. On this bar a strain gauge is fixed #re measurement of the deformities can be done
using as base the top of one of the anchor bats Bigure 4.

(
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Figure 4: Fixation system for the bars and supdortthe strain gauges in the prisms.

Holes were made with an electric drill in certaoims for the insertion of parabolts. The drillglithe
same diameter as the anchor bolts, which allowedfperfect fit, without no need for additional
adhesive materials and without damaging the prisms.
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To place and align the prisms in the compressiatipaoent, two metallic supports with corners were
used. To improve distribution of the loads, it wesed a thin layer of mortar in plastic consistency
made with water and a fine fraction of the earthdus the prisms (Figure 5, right).

Pereira [5] states that from the stress-straineziabtained through diagonal compression tesis, it
possible to estimate the shear stress and thevéaestensile modulus of each prism. The sheassstre
(Ss) is calculated for each prism having as a thesexpression (1):
0,707-P
= . 1
S A (1)

Where P represents the rupture force and An thaahdaross-sectional area, the latter being
determined by the expression (2):

A, = % ton )
Where 1 and h represent the width and height opttsen, t its thickness and n the fraction of thikds
area of the prism (in this case, n equals 1 bectes€EBs used in the prisms were solid, flat and

without frogs).

The shear strairy( is obtained through the expression (3) and #@uestrerse tensile modulus (G) is the
guotient of the shear stress (Ss) by the sheargthrdy), as in (4).
AV + AH

y= g (3

WhereAV represents the vertical shortenidgy the horizontal expansion, and g the relativeatist
between the vertical points which is assumed tech&l to the relative horizontal distance.

G= —%y (@)
The results of the diagonal compression testseameesented by two curves: one with the verticaldor

against the vertical strain (left); and the oth@hwhe horizontal strain (right) as shown scheosly
in Figure 5. The deformations correspond to theayes of each sign in the associated direction.

\ G

Figure 5: Generic scheme of the diagonal compregsits on walls, source [6].

Six prisms were made with Kraftterra CEBs and mertar the diagonal compression strength tests.
One of them went initially through accelerated ggimcles.

3.4 Accelerated aging cycles

To execute the accelerated aging cycles the Baazitandard NBR 13554 [7] was used as reference.
These cycles of wetting and drying are meant takita the impact of the weather in the durability o
the construction elements. This is done in ordeadzelerate pathogenic processes and maximize the
action of environmental factors of degradationhef CEBs, such as: high oscillation in humidity and
temperature; and the use of extreme conditionsth bnvironmental situations. Durability refers to



XXXVII IAHS, Octobre 26-28, 2010, Santander (Cdnta). Spain

the action of the water in successive cycles of iifgng and drying with high oscillation in
temperature. The immersion of the prisms in wasspeiated with large thermal oscillation provokes
volumetric variations with the possibility of rupéuof bonds between particles resulting in progvess
degradation, where fissures, wear, or disintegnatigpart of the building components might occur.

The NBR 13554 [7] defines the procedures and dassrthe cycles of wetting and drying of the
durability test. There are 6 consecutive 5 houtesyof immersion in water in room temperature and
42 hours in a stove at 71 °C. It is also recommeradbrushing procedure to evaluate and define the
loss of mass, which was discarded because the pvigmld later be used in comparative performance
analysis for diagonal compression, and the weavgiked by brushing could cause distortions and
mistakes in the results. Therefore, the duratiorthef humid cycle was adjusted to 6 hours, which
allowed the total time of each cycle to remain 48rs.

4 Prototypes description and test campaign

Table 1 contains information on the six prismsdesih diagonal compression and their respective
values of shear stress (Ss) and transverse temsitulus (G). The prism “EA” went through
accelerated aging cycles as described above.

The average value of the shear stress reachedyddiagonal compression tests (0,566MPa) is very
close to 1/10 of the average value of the ultinsatgple compressive stress (5,66MPa). This behavior
was already mentioned by Varum et al [8] when wagkivith adobe walls.

Table 1: Diagonal compression tests, shear stBssafid transverse tensile modulus (G)

P I h t n An S AV AH g G
(kN) | (mm) | (mm) | (mm) (mm?) | (MPa) | (mm) | (mm) | (mm) Y (MPa)
PK1 | 32,93 | 345 345 106 36570 | 0,636 | 1,20 | 0,70 | 358 | 0,0053 | 119,97
PK2 | 27,02 | 345 345 106 36570 | 0,522 | 2,40 | 0,50 | 358 | 0,0081 | 64,49
PK3 ]| 33,35 | 343 345 106 36464 | 0,646 | 3,60 | 1,69 | 358 | 0,0147 | 43,77
PK4 | 28,92 | 344 343 106 36411 | 0,561 | 1,40 | 3,00 | 356 | 0,0123 | 45,44
PK5 | 26,17 | 345 344 106 36517 | 0,506 | 1,80 | 0,50 | 357 | 0,0064 | 78,67

EA | 27,23 | 347 | 348 | 106 36835 | 0,522 | 420 | 1,99 | 360 | 0,0171 | 30,40

N

Through the stress/strain graph it is possibleethat the prism that went through accelerategigagi
cycles had a comparatively inferior performanceahvai decrease in the ability to withstand diagonal
compression and more vertical and horizontal strlinthe graph of Figure 6, values up to the
breaking strength were recorded.

Stress x Strain Graph (DIAGONAL COMPRESSION)
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Figure 6: Diagonal compression, graph Stress (8®rtical and horizontal strains
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The diagonal compression strength tests show beaptisms produced with Kraftterra CEBs and
mortar have excellent bond strength between blackraortar. The monolithicity of the prisms can be
proved visually by their aspect at the end of tlagohal compression tests. It is important to hgiftl

that the tests were interrupted after the poirgarrned in 10% from the maximum value reached. All
the prisms present fissure lines very close tortknal load line and the fissures occurred in the
blocks and in the mortar in a similar manner anithovit separation between them (Figure 7).

i = - e e =R

Figure 7: Prisms at the end of the diagonal congmagests. The fissure lines were highlighted.

Sabbatini [9] affirms that the monolithicity of tieall and the strength to volumetric strain, ecdent
loads and orthogonal forces in relation to the wadhich are the result of the combination of tensi
and shear strength - all depend on the bond shrébgfiveen block and mortar as well as in the
superficial area of contact between them.

This author also states that bond strength is nmbperty intrinsic to the mortar. It depends oa th
nature and characteristics of the base, meanirighibee is an interrelated action between base and
mortar creating an interface. In the ability oftthrderface to absorb tangential stress (sheassstand
normal stress (tension) without rupturing, depdrarmonolithicity of the wall and the strength oé th
masonry to withstand volumetric strains such as rdmlic retraction, thermal expansion,
perpendicular, eccentric, and orthogonal loads, tandential loads to the wall such as wind loads,
execution eccentricity, tremors, etc.

Even after the final diagonal compression strertgtfts, the prisms still presented enough bond
strength to avoid separation when lifted by onlg side (Fig. 8, left).

Although the prisms that went through the procdsscoelerated aging had an inferior performance to
the rest, their appearance and behavior at thektied simple compressive strength test were simila
to those that did not go through these cycles. Timmns that the rupture occurred following the
normal load line and passed through the blocks els ag the mortar (Fig. 8, right). However, it is

possible to see several rupture lines, differefrtyn the other prisms where the rupture lines were
clear and practically continuous.

Figure 8: Prisms when lifted show bond strengtth@rupture area (left), and Kraftterra prism that
went through accelerated aging cycles - appeataiteethe test (right).

The presence of these rupture lines shows thaadbelerated aging cycles decreased the strength of
the prism to shear forces and stress. Howeveraliiigy to withstand these forces remains evenrafte
the rupture by diagonal compression.
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5 Final Conclusions

The use of disperse Kraft paper fibers from recydement sacks shows by itself the environmental
concern of the proposed theme. However, the pdisgibf using such an abundant residue in our
society must not be seen as the only contributiothie work, taking into account that this use also
results in a significant improvement in some of fgsical and mechanical properties of the final
development of the building components (CEBs) antstruction elements (walls).

The inclusion of Kraft paper disperse fibers fragsycled cement sacks in CEBs and mortars allows
for a large increase in the walls’ ability to withisd diagonal compression, even after the breaking
strength. Furthermore, the mortar made with Krafiteéesults in strong connections between blocks
and produces homogeneous building elements wiforumiperformances and high monolithicity.
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