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The Influence of Cement Content and Water to Cement Ratio
on Capillary Absorption of Root-Pile Mortars

E. Laister, P.J.R. Albuquerque, G. Camarini, D. Carvalho

Abstract. For the design of mortar mixes for filling root piles, the Brazilian standard NBR 6122, establishes a minimum
compressive strength of 20 MPa (28 days), minimum cement content of 600 kg/m3 and a water to cement ratio between 0.5
and 0.6 and allows the use of water-reducing admixtures; however, the definition of a minimum cement content is a
controversial topic about the guarantee of durability. Besides, cement content at these levels, will lead to axial compressive
strength higher than 20 MPa, which is the minimum required by the standard, without much technological effort. The
present study shows the influence of cement content and water to cement ratio on capillary absorption of mortars. It was
found that, cement content, water to cement ratio and grain size distribution have an influence on capillary absorption. The
study also demonstrates that it is possible to obtain mortars with low absorption for cement content lower than 600 kg/m3

by controlling the overall grain size distribution and by adding chemical admixtures to control the amount of mixing water.
However, for mortars where grain size control is not possible, such as mortars mixed on site, the minimum cement content
of 600 kg/m3 should be used to ensure low permeability.
Keywords: root piles, mortar, cement, durability.

1. Introduction
Root piles are widely used as a foundation in me-

dium-to-large sized construction projects, mostly being the
only alternative for the reinforcement of foundations of
buildings and special structures. The pile is filled with a
paste of cement or mortar, the latter being the most com-
monly used in Brazil. To obtain sufficient strength and du-
rability, the Brazilian standard NBR 6122 (ABNT, 2010)
specifies a minimum cement content of 600 kg/m3 and wa-
ter to cement ratio ranging between 0.5 and 0.6 for the pro-
duction of mortar for filling the piles; superplasticizer ad-
mixtures, among others, may be employed to improve the
performance of the mortar. The minimum cement content
required by the NBR 6122 is high and has become a contro-
versial topic in technical circles being heavily discussed as
a result of trends in global sustainability and in terms of the
cost of carrying out this type of foundation. Besides, such
high cement contents will result in axial compressive
strengths above the 20 MPa required by the standard.

From the durability point of view, cementitious mate-
rials can be deteriorated by action of external agents. For
structures in contact with soil or buried, the most important
deterioration agents are sulfates. Mortar is made of materi-
als held together by a porous binder forming a complex of
solids and pores (hydrated cement paste). The binder is the
continuous phase in the composite and pores are critical
with respect to movement of water and chemicals sub-
stances into or out of the mortar. This is a feature relevant to
the durability of the mortar in service (Diamond, 2007).

According to Dhir et al. (1994), durability tests are re-
stricted to specialist laboratories; they take a long time to
perform and are expensive. As durability is directly linked
to the paste permeability for a defined cement, the lower the
permeability the greater the durability.

Wassermann et al. (2009) highlight some of the rea-
sons why the technical standards define minimum cement
content for concrete. Firstly, this value goes back to a time
when the water to cement ratio was controlled by means of
cement content; secondly, there were few options in terms
of water-reducing admixtures. Another important reason to
have minimum cement content in the concrete or mortar is
to guarantee a minimum amount of fines, ensuring work-
ability and increased cohesion. Today, this is achieved by
the addition of inert fines in order to increase the efficiency
of the mortar without increasing cement content. These au-
thors also evaluated the influence of cement content on the
durability of concrete with cement content in the order of
230 to 450 kg/m3 and w/c ratios varying between 0.45 and
0.70. They concluded that cement content is not a parame-
ter that can be used to guarantee durability. With smaller
values of cement content, there was a reduction in capillary
absorption, which was caused by the refinement of the
pores in the matrix due to the use of superplasticizer admix-
tures.

Neville (1997) emphasizes that in soils and ground-
water, it is common to find sulfates of sodium, potassium,
magnesium and calcium. These sulfates may originate nat-
urally or they may come from industrial effluents or fertil-

Soils and Rocks, São Paulo, 37(2): 171-176, May-August, 2014. 171

Eliézer Laister, Civil Engineer, MSc, Universidade de Campinas, Campinas, SP, Brazil. e-mail: eliezer.laister@vcimentos.com.br.
Paulo José Rocha de Albuquerque, Associate Professor, DSc, Universidade de Campinas, Campinas, SP, Brazil. e-mail: pjra@fec.unicamp.br.
Gladis Camarini, Associate Professor, DSc, Universidade de Campinas, Campinas, SP, Brazil. e-mail: camarini@fec.unicamp.br.
David de Carvalho, Associate Professor, DSc, Universidade de Campinas, Campinas, SP, Brazil. e-mail: david@feagri.unicamp.br.
Submitted on December 9, 2013; Final Acceptance on July 18, 2014; Discussion open until December 31, 2014.



izers. The sources of sulfates, such as calcium sulfate, react
with alumina compounds present in the cement paste, form-
ing ettringite (hydrated calcium sulfoaluminate). As this re-
action is expansive and occurs in the mature stages, when
the material has already hardened, it can cause cracks in the
paste with a consequent increase in permeability and loss of
strength.

According to Mehta & Monteiro (2008), the best pro-
tection against attack from sulfate sources includes: low
permeability, adequate cement content and low w/c ratio,
good consolidation of the concrete, proper curing and, if
possible, the use of a sulfate-resisting cement.

Schulze (1999) shows that the capillary absorption of
mortar is a function of its w/c ratio and its cement content
(Fig. 1).

In porous solids, water has an enormous impact on
their degradation; the more impermeable they are, the more
durable (Diamond, 2007). As this is the case with mortar,
the capillary absorption test was chosen to provide indirect
information in terms of mortar durability, mainly because
this is a simple, low-cost and easy to perform test.

In the present work, a study of mortars prepared at
construction sites and in laboratory, and industrial ones is
presented. These mortars were evaluated by capillary ab-
sorption and axial compressive strength tests

2. Material and Methods

2.1. Mortars

Nine types of mortar were studied. Two were col-
lected from construction sites that used root piles (Sites 1
and 2), four were industrialized mortars (named Grout 15,
Grout 20, Grout 25 and Grout 30) and three were produced
in the laboratory (Lab 336, Lab 475 and Lab 616). The mor-
tars produced in the laboratory were prepared by adding
filler to substitute part of the cement. Table 1 shows the
composition of the studied mortars. These mortars were
studied in fresh (consistency) and hardened state (compres-
sive strength and capillary absorption).
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Figure 1 - Capillary absorption study conducted by Schulze
(1999). T
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For all the mortars studied, 5 cm x 10 cm cylindrical
specimens (diameter x height) were shaped manually ac-
cording to the Brazilian standard NBR 7215 (ABNT,
1991).

Mortar curing was made as follows: the specimens
from sites 1 and 2 remained at the site for the first 24 h; the
specimens cast in laboratory were kept in moulds in a wet
chamber for the first 24 h. After that, they were demolded
and remained immersed in water until the time of the tests.

2.2. Consistency

The consistency of the mortar was measured using
Kantro mini-slump (Kantro, 1980) (Figs. 2 and 3), which is
a test used for fluid mortars. The test consists of measuring
the diameter formed by the spreading of the fluid mortar
over a glass dish after removing the mini-slump apparatus.
The minimum value set as a reference for the mortars
mixed in the laboratory and the grouts was a diameter of
90 mm measured 30 min after mixing, which is similar to
the value obtained in mortars collected in the field (sites 1
and 2).

2.3. Compressive strength

Mortars compressive strength tests were made in four
specimens for each age and for each mortar. The tests fol-
lowed NBR 7215 (ABNT, 1991).

2.4. Capillary absorption test

The capillary absorption test was carried out at the
age of 28 days in three specimens for each mortar. The tests
followed NBR 9779 (ABNT, 1995). The specimens re-
mained in the oven (105 � 5 °C) until constant mass and
were stored in a desiccator until they reached 23 � 2 °C. The
specimens were weighted and were subsequently placed
over a grill in a container with water. The water level re-
mained constant during the test at 5 � 1 mm above the sur-
face in contact with water.

The specimens were weighted after 3, 6, 24, 48 and
72 h. Before weighting, they were dried with a damp cloth
to remove the excess water.

To ensure a unidirectional capillary absorption flow,
a technique employed by the Laboratório de Aglomerantes
e Resíduos (Laboratory of Binders and Wastes) at
FEC/UNICAMP (Camarini et al., 2011), was used. In this
procedure, the lateral surface of the specimens are sealed
with a latex-based waterproofing agent, thereby restricting
the flow of water in just one direction, i.e. perpendicular to
its axis.

The coefficient of capillary absorption was calculated
using the Eq. 1.

C
A B

Area
�

�
(1)

where C = absorption of water through capillarity (g/cm2),
A = mass of the specimen after immersion in the test recep-
tacle in the respective period of time (g), B = mass of the
specimen when dry in oven (105 � 5 °C) until constant
mass, as soon as it attains a temperature of 23 � 2 °C (g), in
the desiccator and Area = cross-sectional area of specimen
(cm2).

3. Results and Discussions

3.1. Consistency

Table 1 shows the quantity of water needed to obtain
the consistency required for the mortar pumping. A diame-
ter of 90 mm measured by the mini-slump test was required
30 min after mixing. If the water to cement ratios (between
0.5 and 0.6) proposed by NBR6122 (ABNT, 2010) were
used for these water contents, it would be obtained:
• For mortars collected from the construction sites, a water

to cement ratio of 0.5 and water content between 436 and
522 L/m3, leading to cement contents of 872 kg/m3 and
1044 kg/m3, respectively; for mortars with a water to ce-
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Figure 2 - Project design of mini-slump apparatus (units in mm) (Based on Kantro, 1980).



ment ratio 0.6 and water content between 436 and
522 L/m3, the cement content would be 726 kg/m3 and
870 kg/m3;

• For laboratory (Lab) and industrial mortars (Grout), a
water to cement ratio of 0.5 and water content ranging
from 263 to 271 L/m3, result in a cement content of
526 kg/m3 to 542 kg/m3. These same mortars with a w/c
of 0.6 result in a cement content of 438 kg/m3 to
451 kg/m3.

These results indicate that to maintain the w/c ratio
and the fluidity with cement content of 600 kg/m3 it is nec-
essary to use a water-reducing admixture.

In laboratory conditions it was not possible to mix
mortars with a cement content lower than 600 kg/m3 using
superplasticizer admixture without segregation. However,
it was possible to mix mortar with a cement content lower
than 600 kg/m3 by replacing a part of the cement with lime-
stone filler.

3.2. Compressive strength

Figure 4 displays the axial compressive strength ob-
tained for the different types of mortar. Dotted line is the
minimum value established by the Brazilian standard.

The mortars designated as Grout 15 (242 kg ce-
ment/m3) and Lab 336 (336 kg cement/m3) had strength un-
der 20 MPa. On the other hand, the mortars Grout 20
(286 kg cement/m3), Grout 30 (374 kg cement/m3) and Lab

475 (475 kg cement/m3), had strength above 20 MPa, with a
cement content lower than 600 kg/m3. The results also
showed that the mortar Lab 475, which was the one with the
lowest cement content, attained a compressive strength
20 MPa.

2.3. Capillary absorption

Figure 5 shows the capillary absorption of the studied
mortars.

The Site 2 mortar was adopted as reference of capil-
lary absorption test (absorption limit), because it was col-
lected in the field, was prepared according to the prevailing
standards and by an experienced company.

From the capillary absorption results (Fig. 5), it can
be seen that Grout 15 and the mortars Lab 336 and 474
showed capillary absorption above that of the mortar used
in Site 2 (reference). They are not therefore efficient in
terms of capillary absorption. The Lab 616 mortar was the
only one mixed in the laboratory which met the reference,
both in terms of strength and capillary absorption (absorp-
tion below the reference value). It was not possible to
obtain mortars mixed in the laboratory with capillary ab-
sorption less than or equal to the reference mortar using a
cement content of less than 600 kg/m3 (Site 2).

Grout 20 had a capillary absorption similar to that of
Site 2 (reference), while Grouts 25 and 30 displayed capil-
lary absorption lower than that of the mortar on Site 2 (ref-
erence). Grouts 25 and 30 were generally more effective
because, with their smaller cement content, they had lower
capillary absorption (Fig. 5).

Grout 30 had the second lowest capillary absorption
(Fig. 5). This sample contains the highest quantity of total
fines (Table 1), which may have contributed to a better par-
ticle packing density, producing a smaller quantity of capil-
lary pores or even interrupting the interconnecting capillary
pores.

Table 2 sumarizes the compressive strength and cap-
illary absorption of the studied mortars.
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Figure 3 - Mini-slump test (Laister, 2012).

Figure 4 - Axial compressive strengths of the mortars studied
(Laister, 2012).

Figure 5 - Capillary absorption of the mortars studied (Laister,
2012).



These results show that industrial mortars can have an
excellent performance in terms of compressive strength and
capillary absorption, demonstrating that is possible to use
them for root piles. With industrial mortar it is possible to
have a more appropriate technological control. Mortars
produced on site must have a high cement content to guar-
antee the desired absorption.

4. Conclusions

The present study found that the quantity of fines in
the cement matrix helps to ensure that segregation does not
occur. Therefore, for mortars where grain-size control is
not possible, such as those mixed on construction sites, a
minimum cement content of 600 kg/m3 should be used, in
order to guarantee low mortar permeability. To obtain fluid
mortar and to maintain the w/c between 0.5 and 0.6, a wa-
ter-reducing admixture should be used.

The study also showed that the grouts were the prod-
ucts with lowest capillary absorption, even though they had
the lowest cement content. These formulations contain a
higher quantity of fines than conventional mortar, contrib-
uting to a better overall grain-size distribution, making pos-
sible to work with cement content lower than 600 kg/m3

without negative impacts on permeability. In other words,
it is possible to work with smaller cement content if ade-
quate technological procedures are adopted.

In the case of construction sites where it is not possi-
ble to perform a grain size control of the mixture, neither
the use chemical admixtures, the addition of filler and a ce-
ment content of a least 600 kg/m3 are good measures to en-
sure low permeability and to increase robustness in the
whole manufacture process. A cement content of 600 kg/m3

leads to a lower w/c ratio and provides a quantity of fines so
that segregation does not occur.

The setting of a range for the w/c ratio could promote
a significant increase in the content of cement. Depending
on the high fluidity and the characteristics of the inputs

available at the construction site it could possibly demand
more water. Therefore, it is also necessary to define the
range of consistency for pumping and also the capillary ab-
sorption performance, which could promote more econom-
ical, more durable mortars, making the content of cement
more flexible maintaining the performance, both in its fresh
state (avoiding segregation) and also in the hardened state
(minimum compressive strength and limiting capillary ab-
sorption).
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