Unburned Clay Bound Building Materials for Masonry

CATALIN BADEA, SORIN DAN*
Politehnica University Timisoara, Department of Civil Engineering and Building Services Engineering, 2 Traian Lalescu Str.,
300223, Timisoara, Romania,

The paper presents the experimental research regarding the use in construction field of clay bound earth
and wood chips combined with classical binders (cement and lime). New building materials were
manufactured (for ground storey houses) by using clay bound and wood chips. The clay bound earth is
present all around the Globe. Due to this reason there is one of the most common natural resources of the
planet. The wood chips are a waste from wood furniture industry. The paper presents experimental research
on mixtures made of clay bound, cement, lime, sawdust and water. Experimental tests were made for:
apparent density, bending tensile strengths and compression strengths. The new manufactured building
materials have physical and mechanical properties similar to lightweight mortars and bricks. Through clay
bound and sawdust reusing a very good impact on environment and life health will be generated. The new
building materials studied can be used at non-loadbearing and loadbearing masonry elements. The Batch 4
was the best one, having a bending tensile strength of 3.75 MPa and a compressive strength of 13.41 MPa at
365 days. It has the same mechanical characteristics like bricks made of from burned clay bound. The 25%
water percentage is good enough for a satisfactory workability (the material flows to infill the mould); in
case of the decrease of the water percentage (especially at 15%), the material has no flow and consequently,
is necessary to apply a low pressure (by hand) to infill the mould. A 30% water percentage significantly
improves the workability of mixtures.

Keywords: clay bound, wood chips, building materials, wood industrial waste, sustainable materials,

environmental protectection, live quality, energy efficiency, eco house, low embedded energy house

The environmental protection and life quality have become
important goals for international community. Regarding these
problems, the using of natural materials, as clay, could be
a sustainable solution. The clay bound is present, from
abundance, all around the Globe. It is an environmental
friendly material, proper for healthy life. On the other hand,
the clay has been used as construction material for thousands
of years due to its facile manufacture, low cost and health
qualities [1 - 5].Clay bound building materials properties are
influenced by water quantity used at manufacture. By using of
large quantities of clay bound the final material is humidity
sensitive [6-9].In Europe, the clay bound is used as construction
material for more than two million buildings. InRomania there
are many old, ground storey, houses (especially in the
countryside) built 30 years ago which are made from clay
bound: masonry and rendering. The building material used is
a mix from clay bound, straws/sawdust/wood chips, sand
and water. These buildings are still proper to be used and live in
[10 - 13].Nowadays, clay bound was rediscovered as a
building material. All around the world this building material
is studied by researchers and more and more is used for
buildings [14-18].The present paper regards the
experimental research concerning the use in the
construction industry of clay bound earth and wood chips
combined with classical binders (cement and lime). New
building materials were manufactured (for ground storey
houses) by using clay bound and wood chips.There are
some buildings made only of clay bound masonry or a
wooden structure infilled by clay bound masonry.Building
materials with clay bound and straws/sawdust/wood chips
will have a new interesting future.Some researchers try to
use this type of materials to build eco houses or low
embedded energy houses or traditional houses [19 - 22].
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Experimental part
Materials, compositions and preparation technology

The clay bound mixtures are very sensitive at moisture
exposure. Over an optimum percentage of water, the clay
bound will have large shrinkage and will present cracks.
Due to this aspect, the authors tried to add low percentages
of classic binders (cement and lime), sand and wood chips.
The lime increased the workability, the cement and wood
chips increased mechanical strengths and the sand
decreased the plasticity and increased the mechanical
strengths.

The present experimental study focused on new building
materials made of: clay bound, cement (C), lime (L), wood
chips (WD)/polymer fibres (PF), sand (S) and water (W).

In order to settle the mix compositions, the quantity of
dry materials were calculated using the next model:

%SDry materials=%S(classic binders+clay+ WD)
=100%
where:

- classic mineral binders = cement (C) and lime (L);

WD = wood chips (wood waste);

- PF = polymer fibres for mortars;

- clay bound = soil extracted from -1.00 m depth.

The characteristics of clay bound soil are presented in
table 1 according to the geotechnical study made by S.C.
GEO PROIECT S.R.L from Timisoara. The samples from
natural soil were showed a brown clay bound.

The cement (C) used was 5 or 10%. It were maintained
constant the quantities of: wood chips (WD) 2.5% and sand
(S) 10%. The water was 15 or 20 or 25 or 30%.

The cement (C) used was a Romanian product, type
CEM152.5R produced by CarpatCement Holding, Romania.

The wood chips (WD) were a wood furniture industry
waste which had around 8 mm length, presented in figure
1.

http://www.revmaterialeplastice.ro 681



Table 1
GEOTECHNICAL CHARACTERISTICS OF CLAY BOUND SOIL

& 2
Geotechnical characteristic Values P o R L
Imidity w=133-23.5% LA RN e b B ¥
plasticity index Ip=343_482% "'--E: & \ ;{.’ e 5\?
consiztency mdex Ie=054-1.08 s '.:__vlt"h;’, ' ;? oR ey
£ -‘f'.__.l_ ‘::rl‘; e L 1’!." ,_::3":" "ﬁ».&_ Fio. 1.Wood chi
edometric deformation modulus | My =9.709 - 20.833 kPa LSS\ 9 S TROT R
specific satflament 5=08-30% ¢ -.411,;:* o5, } L Y f"».
interior friction angla B.=125 '
cohesion ee=122.0kPa
hnmidity degres 8, =075-099 \WO0N CHIPS
velome weight +=18.72 - 20.28 KN'm®
dry volume weight 1= 16521761 KN/’
porozity n=325-367"%
pores index e=043-0.36
Dry material
Batch i Cement Lime Wood chips Sand Clay bound
“[";"]E" [%] [%4] [%&] [%4] [%]
Batch 1 ) - :
€35L10 WD2.5 810 25 5 10 25 10 723
Batch 2 - : c
csLiowpassio | % . 10 3 10 723
Batch 3 i ] N — Table 2
CSL15 WD25 210 20 5 13 25 10 67.5 MATERIALS COMPOSITIONS
Batch 4 ) - .
cwLowp2ssw | B 10 10 2 10 673
Batch 3 ) ; .
Batch 6 . .
C10L10 WD2.5 20 10 10 2 73
CEUBFF%;E.E 30 0 - 4+ 25 55
s P04 825 iy - - oar - 30

* = Polymer Fibres for mortars

The polymer fibres (PF) are used for mortar
manufacture.

It was used the clay bound soil from Gataia town, Timis
County, extracted from -1.00 m depth. The sand was a
river aggregate with 0/2 granules size.The used lime was
CL 90 type (calcic lime).The preparation technology of
samples was the following:1.mixing water and cement;
2.adding clay bound and then manually mixing of the
intermediate composition for 30 s; 3.adding wood chips
and then mechanical mixing of the final composition for
60 s.The compacting was manually done.There were cast
3 batches of 3 prismatic samples of 40x40x160 mm for
each. After de-molding, at 1-2 days after casting, the
samples were dried by kept in laboratory conditions, at
20°C and relative humidity below 60 %, up to the age of
7.28 and 365 days.During the preparations of mixtures it
was noticed that 25% of water was enough for a
satisfactory workability (the material flow to infill the
mould). When the water percentage was decreased,
especially at 15%, the material was not flowing and it was
necessary to apply a low pressure (by hand) to infill the
mould.

For workability improvement the water content was
increased at 30% along with polymer fibres addition for
drying shrinkage decrease.

In table 2 are presented the materials’ compositions.

Results and discussions
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The samples were tested at the age of 7, 28 and 365
days according to the cements’ class testing procedure.
All the prisms were tested to bending tensile and then the
resulted prisms halves were tested to compression.

The results of tests are presented in table 3 and figure 2
for apparent density, in table 3 and figure 3 for bending
tensile strength and in table 5 and figure 4 for compressive
strength.

At 28 days, the samples had the apparent density values
of (1255 - 1530) kg/m® which means high density in
comparison to burned clay bound bricks for masonry. There
are observing that the dried is going until 365 days age.

From table 4 and table 5 it can be noticed:

-at the age of 28 days: the values of bending tensile
strength are (0.82 - 3.05) MPa; the values of compressive
strength are (3.59 - 11.47) MPa;

-at the age of 365 days: the values of bending tensile
strength are (0.91 - 3.75) MPa; the values of compressive
strength are (3.02 - 13.41) MPa.

The experimental results show that for Batch 1 and
Batch 2 the compressive strength decreased by 15.9% and
15% at the age of 365 days in comparison to the strength
at the age of 28 days.

In conclusion, these experimental data demonstrate
that:

-the composition of Batchl and Batch 2 can be used to
manufacture non-loadbearing masonry (compressive
strength between

2 MPa and 5 MPa);
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Table 3

THE APPARENT DENSITY
Apparent density
Batch o [ke/m’]
Tdays | 2Bdays | 365 days
Batch 1 — -
€5 L10 WD2.5 10 1375 1253 1223
Batch 2 - -
C5L10 WD2.5 510 1452 1364 1248
Batch 3 - —
C3L15 WD2.5 810 1530 1424 1374
Batch 4 -
C10L10 WD2.5 810 1618 1530 1489
s LBf ntcﬁ}.lv:r‘:a:- 1343 1132 1054
Cl0 ﬁﬁ?nl 3 1358 1234 1088
mnB;F%;szi 1389 1311 -
(EEB;FhE}fEEi 1453 1328 -
lable 4
THE BENDING TENSILE STRENGTH
Bending tensile strength
Batch f: MPa]
7 days 28 days 365 days
Batch 1
C5L10WD25 810 0.70 0.82 091
Batch 2 .
C5L10WD25 810 L17 14] 164
Baich 3 -
5115 WD25 810 15 146 258
Batch 4 a7 z 175
C10L10 WD2.5 810 4 303 373
Batch 5
C5L10 WDL5 0.54 112 129
Batch 6 _
C10L10WD25 13 138 281
Batch |
C20 PFO04 825 100 1.64 .
Batch 8 A
C25PF04 825 133 L85 -
Table 5
THE COMPRESSIVE STRENGTH
Compressive strength
Batch f: [MP3]
7 days B days | 365 days
Batch | — — -
C5L10 WDL5 §10 332 3.35 5.02
Batch 1 - — -
C3L10WD25 810 jl8 5.39 475
Batch 3 - :
C5L15 WDL.5 810 6.77 7.00 .73
10 Llﬁn:umv?}'ﬁji sgip | 1009 1147 1341
s E E%.-‘Ezj 338 3.61 268
Batch 6 -
Cl0L10WD23 3% 808 2.6
Batch 7
20 r?;'m 525 7.36 8.03 -
ﬂiﬁﬁﬁh fszi 8.13 8.83 -
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-the composition of Batch 3 and Batch 4 can be used to
manufacture loadbearing masonry (compressive strength
over 5 MPa).

Also, in comparison to Batch 1, the strength of the other
batches is significantly improved if the percentage of water
decreases and the percentage of cement/lime increases
(from 5 to 10%). For bending tensile strength the increase
at the age of 7 days is 291% and at the age of 28 days is
272%. For compressive strength the increase at the age of
7 days is 204%, at the age of 28 days is 219% and at the
age of 365 days is 344%.

In comparison of Batch 3 and Batch 2, at the age of 28
days, for an increase of 5% lime the compressive strength
improves by 25.2%. In comparison of Batch 4 and Batch 2,
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atthe age of 28 days, for an increase of 5% cement and 5%
water decrease the compressive strength improves by
105%. It means that the increase of cement percentage
and the decrease of water will generate important benefits
in comparison with lime using (there are anions exchange
between clay bound and cement and also chemical
hardening reactions of the mineralogical cement
compounds).

By comparison of Batch 4 and Batch 3, at the age of 365
days, it can be noticed the increase of cement by 5%, the
decrease of water by 5% (at 15%) and finally the
compressive strength improves by 73%.

Batch 4 presents very good strengths at the age of 365
days: bending tensile strength of 3.75 MPa and compressive
strength of 13.41 MPa, the same as for bricks made with
burned clay bound.

Conclusions

The paper presents the experimental research regarding
the use in construction field of clay bound earth and wood
chips combined with classical binders (cement and lime).
New building materials were manufactured (for ground
storey houses) by using clay bound and wood chips.

Regarding mechanical strengths it can be noticed that:

-at the age of 28 days: the values of bending tensile
strength are (0.82 - 3.05) MPa; the values of compressive
strength are (3.59 - 11.47) MPa;

-at the age of 365 days: the values of bending tensile
strength are (0.91 - 3.75) MPa; he values of compressive
strength are (3.02 - 13.41) MPa.

Results that the compositions of Batchl, Batch 2 and
Batch 5 can be used to manufacture non-loadbearing
masonry and the compositions of Batch 3, Batch 4 and
Batch 6 for loadbearing masonry.

The increase of cement percentage and the decrease
of water will generate important benefits in comparison
with lime using: the lime increase by 5% improves the
compressive strength by 25.2% in comparison to the
cement increase by 5% and water decrease by 5% which
improves the compressive strength by 105% (at the age of
28 days).

If we compare Batch 1 with Batch 5 at the same water
guantities 25% we can observe that by sand using there
are not observing a significant different regarding
compressive strength.

If we compare Batch 4 with Batch 6 at a decreasing of
water quantities with 5% and by sand adding into mixture
there are a significant increasing of compressive strength
until 42%.

For Batches 2 and 5 were recorded the decreasing of
compressive strength from 28 days age at 365 days age
due to the mixture dried.

Batch 4 was the best one, having a bending tensile
strength of 3.75 MPa and a compressive strength of 13.41
MPa at the age of 365 days. It has the same mechanical
characteristics as bricks made with burned clay bound.

The 25% water is proper for a satisfactory workability
(the material flow to infill the mould). The decrease of
water percentage (especially at 15%) produces no flow of
the materials and, consequently, is necessary to apply a
low pressure (by hand) to in fill the mould. The increase of
water percent at 30% significantly increased the
workability.

Building materials with clay bound and wood chips are
sustainable materials: clay bound is present in soil; wood
chips are an industrial waste; these materials are
environmental friendly and proper for human safety. These
materials are used to manufacture eco houses, low
embedded energy houses, traditional houses.
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