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Abstract:

This paper studies the effect of different ratios of clay addition on the concrete properties.
Most of the standards limit the ratio of the clay in aggregates due to its harmful effect on the
concrete properties. For example, ASTM C33 limits the fine contents in fine aggregate to 5%
whereas the ratio of clay lumps is limited to 0.5% as deleterious substances included in the fine
materials as  very fine substances .This study has considered many ratios of clay
addition(0%,2%,3%,4% and 5%) of the total aggregate weight to the concrete mixes and observed
the governed values of compressive strengths and workability. A series of cube groups were
fabricated with different water-cement ratios (0.45,0.5 and 0.55) and different mix
ratios(1:1:2,1:1.5:3 and 1:2:4).It is seen that as the ratio of clay increases, slump decreases;
therefore, more water will be needed to reach a reasonable workability while the compressive
strength is severely affected in high ratios of clay existence. There is no effect of age on the ratio of
strength decrease when a high ratio of clay is added or existed. The strength will decrease by about
33% if a 5% of clay is available in fine material. This study has come as a result of investigating the
reasons behind the continuous deterioration in concrete cubes that came to the laboratory for the
aim of testing through local construction companies and contractors who are working in most of

projects all over the middle region governorates in Iragq.
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Introduction

Many projects and buildings are constructed now in Iraqi governorates. Some of these projects are
newly constructed and others are to be rehabilitated starting from their infrastructure. The major
serious problem and difficulty facing engineers and contractors in Iraq nowadays is the failure of
concrete cubes due to low compressive strengths gained. This phenomenon is really a very
complicated matter due to the time delay in the project period and the money loss resulting from the
maintenance of such failures. Therefore, a study must be done to know what factors can lead to
such descending in compressive strength of concrete.

Concrete is a human-made rocky material industry. Its components are majorly aggregate,
cement and water. Due to the fact that aggregates comprise between 60-80% of the total volume of
concrete, and concrete failures have often been tied to the use of different aggregates, it would
appear that one should characterize these aggregates in order to determine the role of these
materials in the final performance of concrete(1).

Aggregates often contain a layer of small particles bound strongly or weakly to the aggregate
surface (a surface coating).Previous researches associate the presence of some types of micro-fines
on the surface of these aggregates with the deleterious properties of concrete. A large fraction of
micro-fine gravel coatings consists of clay minerals. Due to their small size and large surface areas
as well as differing chemistries, these minerals can likely be expected to be major components of
reactivity in concrete systems. It has been widely reported that the presence of clays in aggregates
reduces the compressive strength and increases shrinkage in the resulting concrete. However, the
exact mechanism by which these clays affect these properties has not been established, yet.

To show how clays enter the reaction and participate in the whole process of the concrete
manufacturing, the following hypothesis can be taken into consideration. In the course of mixing
process , a fraction of the clay coating detaches from the aggregate surface and disperses into the
aqueous phase. Thus, when the cement powder is added to this mixture, particles of clay will be
incorporated into the matrix of the cement paste and affect hydration reactions. The other fraction of
the coating will remain on the aggregate surface and influence the adhesion of the cement
paste to the aggregates(1). The overall objective of this research project is to conclude how
the existence of clay particles affects the compressive strength of concrete through
increasing its ratio as one of the investigated reasons which reduce the concrete compressive
strength and lead to troubles and suffering of so many people especially Iraqi companies and

contractors.

139



Kufa Journal of Engineering, Vol.4, No.1, 2012

Review of literature

In the last few years, the ability to design alternative methods of producing concrete has greatly
expanded but at the same time the level of complexity in determining which set of parameters
provide superior pavement performance has increased too. Several factors contribute to this
complexity : the use of different sources of materials (multiple sources of rock, sand and cements),
the replacement of cement by new cementitious materials ( fly ash ,ground granulated blast
furnace slag, etc.), and the production of many new chemical additives that are claimed to produce
a superior product. As aggregates comprise between 60-80% of the total volume of concrete ,a
special significance has been given to them. It has been documented that the presence of micro-
fines in aggregate materials has a significant impact on the ultimate quality of resulting
pavement. Defects such as spalling, D- cracking, longitudinal cracking, transverse cracking and
corner breaks have occurred in large parts attributed to the presence of these micro-fines.
Coarse Aggregates commonly contain small particles(surface coatings) that are bounded strongly
or weakly to the aggregate surface, these fine particles may partially or completely cover the surface
of the aggregate. The coating usually appears as layers, blends ,patches, or individual grains. The
most known types of coatings are clays, calcium carbonates, and dust or silt. Clay coatings originate
through the participation of water-soluble materials from sand or gravel deposits ; and are different
from the rest of the coatings in that they strongly adhere to the aggregate. Clay minerals comprise a
significant proportion of these finely divided materials, and as shall be demonstrated later in this
investigation, they are already known to cause deleterious effects in concrete(1).

ASTM C33 limits the amount of micro-fines that can be used in concrete based on the
natural sand micro-fines, but previous researches show that good concrete can be made with highly
manufactured fine aggregate (MFA) and micro-fine contents(2). The current ASTM C33 limits the
material finer than 75 um (No0.200) sieve to 3 percent for concrete subject to abrasion and 5% for all
other concretes. As the research continues, it is observed that micro-fines can be successfully added
to concrete at much higher percentages than those allowed in ASTM C33 (2). Some sands can be
included and perform well in concrete with fines up to 20% passing the No. 200 mesh sieve.
This is true for fines that are free of deleterious clays and minerals (3).

According to a study done by Teychenne (4) ,the majority of concrete mixes including
10 to 25 percent dust of fracture needed more water where one of the major differences in
adding micro-fines to a concrete mix is the change in the water demand of the mix. For the
most part, concrete mixes with micro-fines need additional water to achieve the same

workability as mixes with no micro-fines, but in some cases less water is needed.
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Previous studies(3,5) have shown that a mixture with no micro-fines needs water-to- cement
ratio (w/c) equal to 0.49 ,and when 3.2% (of the total weight of aggregate ) micro-fines are added,
w/c increases to 0.62. In the same study, when admixtures are also used, the w/c with micro-fines
increases from 0.41 to 0.53 to achieve a similar slump. The study indicates that the increase in water
demand is proportional to the fines content (5).Fillers such as micro-fines can have a positive effect
on concretes, influencing both particle packing and physiochemical reactions in the interface zone.
Some effects of including fine fillers in mixtures are: smaller water requirement due to improved
particle packing ; increased strength due to smaller requirement and improved interaction between
paste and aggregate; decreased porosity, and better workability (6).

A study by Ahmed and Al-Kourd (7) indicated that the addition of micro-fines, called
"dust" in their study, increases the shrinkage of concrete. Seven concrete mixes are made and
measured for over one year. The final shrinkage measured at 330 days reaches in its higher
value to 0.07%. Therefore , increasing the amount of micro-fines increases the drying
shrinkage. The effect of addition of fines to normal-strength concrete at levels of up to 270 kg/m’
was studied in concrete mixtures prepared with constant workability. It was found that as long as
workability can be controlled by reasonable amounts of admixture, the addition of fines improves
concrete strength by as much as 30%, somewhat reduces the carbonation rate, and slightly increases

the volume changes of fresh and hardened concrete.(8).

Effect of clay addition in concrete properties

The presence of some types of clays in the cement mixture causes a decrease in strength and an
increase in shrinkage. Unikowski has found that the water demand, for making a workable cement
mixture is related to the specific surface area of the clays present in the cement. He had noted that a
3% replacement of sand for monmorillonite(a one of clay types) decreases the compressive strength
by 4% and doubles the amount of shrinkage. The work which is done by Pike concluded that the
loss of strength in clay mortars is caused by clays adsorbing part of the water used for the
cement forming "impermeable envelopes" around the cement grains slowing the rate of the
pozzalanic reactions(1).

Moukwa M. et al. have attributed the loss of strength in clay mortars to a higher porosity
in the hardened mixtures. Changling H. et al.,(9) studied the water demand, compressive strength,
size distribution and pozzalanic activity in six clays. He concluded that since absorbed water has
different physical properties than the free water, it should not be available for hydrating the reactive
components of the cement. Most of the authors believe that a significant amount of clay in a cement

mixture reduces the amount of water available for the hydration reactions and thereby decreases its
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workability and also alters the course of the pozzalanic reactions. As a result, hardened cement
containing clay minerals is expected to have different physical properties from that of cement
fabricated without clays( 1) . It has been widely reported that the presence of clays in cement
reduces the compressive strength and increases shrinkage in the resulting concrete.

Alkiss R.M. and Alzeyoori M.A.K., (10 ) studied the effect of clays on the
workability and compressive strength of concrete through so many tests. They concluded
that the effect is behind the ratio of clay available in sand and the clay mineral
composition. Their main recommendations focus on the following:

(1) A ratio of fines in sand can be increased to 10% instead of 5% ratio which Iraqi specifications
recommends. But care must be taken here that the ratio of clays must not exceed 1% of the sand
weight and when the ratio of the fines in the tested sand exceeds 3%.

(2) Water/cement ratio can be decreased to get the required workability in concrete using sands
containing fines and clays by using chemical admixtures. .

The difference between what is studied in (10) and the current study is that the researchers
were focusing on what is available of fines in the sand in Baghdad soil while in this study the
source of sand tested was Najaf region. The aim of the study of Alkiss R.M. and Alzeyoori
M.A.K. was to find a new ratio of the acceptable fines available in Baghdad sands. Here the study
is to know the effect of fines besides clay on the properties of concrete through addition of clay by
different ratios. The ratio of clay added to the fines was compared to the total weight of fines while
this study takes this ratio compared to the total weight of aggregates which is more easy for the

workers to take any decision.

Aim of the study

The objectives and aims of this study are to investigate the effects (whether harmful or beneficial
) of the existence of clay on the workability and compression strength of concrete . The effect will
include the following:

A — Clay content: 2%, 3% , 4% and 5%.

B — W/C ratios : 0.45,0.5 and 0.55.

C - Mix proportions: 1:1:2, 1:1.5:3 and 1:2:4.

Experimental work

Materials:

Coarse aggregate.

The coarse aggregate used is natural crushed type having nominal maximum sizes from 9.5 to 20

mm. Its grading conformed to 1.O.S. No. 45/1984. This material is washed very well several times
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by water to have it without any fines or clays. The unit weight of the coarse aggregate is found to be
2620 kg/m’.

Fine agoregate:

A natural sand brought from Najaf quarries conforming to 1.O.S. No. 45/1984 zone 3 is used in this
work having a density of 2630 kg/m’ . This material has been washed several times on the No0.200
sieve to collect materials finer than this size. One of the components of this soluble or suspended
matter is the clay coming from sand to be used in the concrete mix. This clay which represents the
main problem of the study will be collected from the suspension by normal and oven drying .

Cement:

The used cement used is Ordinary Portland cement(Type I).Its specific gravity is 3.15,physical and
chemical properties are listed in Tables(1) and (2) respectively. Test results indicated that the
adopted cement conformed to the to 1.O.S. No.5/1984.

Table(1) :Chemical composition of cement used.

Table(2) :Physical properties of cement used.

Property Test results % | Limits of .O.S. No.5/1984
Fineness(Blains method)-(cm®/gm) 3000 Not less than2300 cm*/gm
Setting time: Initial(min.) 72 Not less than 45 min.
Final(hour) 7.5 Not less than 10 hr.
Compressive strength of cement mortar(N/mm”):
3 days age: Y. Not less than15 N/mm’
7days age: Yv Not less than23 N/mm’
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Clay used as an additional material to concrete

The source of the clay used in this study is natural sand. This clay is obtained from washing sand on
the No0.200 sieve. The mixture of water and clay has been naturally dried followed by an oven
drying. The ratios of clay used are 0%,2%,3%,4% and 5% by weight of the total aggregate weight .
The particle size properties of this clay are as shown in Fig.(1). The fraction of clay added to the
mixes contains fine materials of silt that are part of the materials existed on the pan during grading.
The clay is a part of the fines content. Particle size distribution of the fines was done in the lab.
using hydrometer settling according to (ASTM D422)
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100
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Fig.(1): Particle size distribution of fines

Preparation of concrete mixtures

Three mixes have been prepared using three mixing ratios of 1:1:2,1:1.5:3 and 1:2:4, respectively as
common ratios used in major structural members. A water/ cement ratio of 0.45 is used at the first
time and the water is added to each mix. After mixing the concrete components, 24 cubes are taken
to be tested at 3,7,14 and 28 days age, then the clay is added to the mix by a ratio of 2% of the total
aggregate weight as a first time of clay addition. Also twenty four cubes are taken to be tested

according to B.S. 1881 Part 116. After that, the ratios of clay addition increase to 3%,4% and 5%
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and for each ratio the same number of cubes are taken as mentioned previously. For each mix, the
slump of the fresh concrete is taken and measured according to ASTM C 143.

The second series of tests are done exactly as mentioned before except that the water
cement ratio is increased to 50% and 120 cubes of 150x150x150 mm have been prepared. And
finally the third phase of tests is with a water cement ratio of 55%. The slumps of fresh concrete
with different ratios of clay addition are drawn on the same graph for three different mix ratios and

three different water cement ratios as shown in Fig.(2).

Results and discussion

The graphs starting from Fig.(3) to Fig.(14) clearly show that the compressive strength gives
maximum recorded values when there is no clay existed in the sand (i.e. sand is washed).As clay is
added, the compressive strength starts to decrease. Many parameters are studied and discussed
separately here, such as the effect of water/ cement ratio, effect of mix proportions ,the ratio of clay
added and the workability is studied by measuring the slump of the mix.

(1)Workability

Fig.(2) shows the relationship between slump and ratio of clay added. The graph contains three
groups of curves. Each group is for a constant water/cement ratio. The first group represents a 45%
water/cement ratio and a maximum slump recorded for this group is 32mm when there is no clay.
For 5% clay ratio, the maximum value of slump is 20mm and according to the standard
specifications, this slump represents a low workability. Therefore, it is not advised to use this
water/cement ratio or an admixtures must be used to improve this low slump and workability. For
water/cement ratio equal to 50%, the maximum slump is 50mm for 5% clay ratio and this slump
value does also not really give good workability. The related graph shows that the best ratio of W/C

used is 55% when maximum ratio of clay added is 5%, and the slump recorded is 70mm.
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Fig.(2) Effect of clay addition on the concrete workability.

(2) Water -Cement ratio

It 1s a known engineering fact that as water increases, the compressive strength decreases and
concrete will be more workable. Table(3) shows the classified results of rate of decrease in
compressive strength with age of concrete . Here, if the mix ratio is for example 1:1:2 ,then the rate
of decrease for 3 days age and 45% water/cement ratio is 0%,12%,19%,27% and 37% for a ratios
of clay addition 0%,2%,3%,4% and5% respectively. That phenomenon is very clear in Fig.(3).This
rate of decrease dropped down as ratio of mix increased or W/C ratio increased. When the water-
cement ratio increases to 55%, the rate of compressive strength decreases returned to decrease. This
means when there are high quantities of clay content, an experimental mixes design must be done
and there are no guidelines or recommendations to be set up here. One of the sources of
water loss during hydration is the surfaces of the clay fine materials. This leads to the

phenomenon that as the ratio of clay increases more water is needed.
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(3) Effect of mix ratios

Mix ratio increase means an increase in cement content and this will increase the compressive
strength of concrete. But when the water/ cement ratio is fixed, high decrements in compressive
strength of concrete appear as the clay ratio is increased because hydration will not be completed
due to the lack of water. To get a reasonable value of the strength, trial mixes must be done to
reach the required compressive strength and slump needed. These trial mixes will solve one
problem only because the effect of clays not only on the compressive strength of concrete but it will
affect on the following parameters
*The bond between aggregate and cement mortar besides the bond between concrete and steel
reinforcement.

*Permeability and durability of concrete.
*Expansion and contraction in concrete which lead to cracks.
Table (3) shows statistical data of the parameters affecting the compressive strength of concrete.

Table (3): Rate of decrease in compressive strength compared to ratios of clay addition.

Ww/C Mix Ratio Reference compressive strength in (MPa) without Ratio of Rate of decrease in compressive strength%
clay addition clay
3days 7days 14days 28days added% 3days 7days 14days 28days

Y 'Y VY Y¢ Yo
1:1:2 15.96 24.60 26.68 29.66 v 4 v YA Yy
¢ YV £ Y Y
o v 133 Ye Ye
¥ YA Yo Vo Vo
‘o 1:1.5:3 14.82 23.54 24.55 28.22 v Y¢ v Y¢ Yv
¢ Yy £) Y1 Ye
o i g0 Y. I
¥ AR Y. 1 Yo
1:2:4 12.56 22.62 21.12 27.71 v VY I 'Y YA
¢ Yy 123 Yo Yo
° YA £ Y. v
¥ A Y Yo V¢
1:1:2 15.12 21.21 23.69 28.15 v i Y'Y Yo YA
¢ AR YA Y1 Y
° Ty YA Y4 Y'Y
A AR Yy 1 Yo
o, 1:1.5:3 14.10 21.00 22.93 27.65 v YA Yo Y1 YA
¢ vy v YA )
° Ye £ Y4 AR
Y YY Y4 1 Y.
1:2:4 12.00 20.90 21.22 27.10 v YA I Y YA
£ Y1 £y YY Y.
° Y ‘o Yo Y¢
¥ Ve Y1 1 Yo
1:1:2 14.51 20.88 20.56 27.77 v Y¢ YA Y. Y4
¢ AR} 1% Yo AR
° e 3% Yy Y¢
¥ YA YA q 1
oo 1:1.5:3 13.60 19.49 20.11 27.00 v Y I 14 Y4
¢ YA 1% Y1 AR
° £) ¢4 Yv Yo
¥ V¢ Y1 Ve VY
1:2:4 11.90 19.12 20.00 26.66 v D £ YA Y.
¢ AR 1% YA Ye
° v 4 Y. i
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(4) Effect of clay added

Clay is a harmful substance to construction materials and structures. Although it is very fine ,and

the addition of fine materials sometimes increases the compressive strength, but clay is a very
seriously dangerous material. From Table(3) and from all the graphs drawn, it is clear and without
any doubt that as this ratio increases, the rate of strength decreases for all ages of concrete tested
(3,7,14 and 28 days age).

Higher ratio values of clay have been considered because there is a statistical study for all
the sand samples reaching the laboratory of the Civil Engineering Department in Najaf Technical
Institute. This study explores the huge quantities of clay available in this material. The ratio of
clay is about 2% as minimum up to 5%. Therefore the present study limits the ratios from 2% to

5% to investigate their effect .

Water cement ratio 45% ; Age is 3 days.
Mix ratios are:
16.00 — —@— 1:1:2 Mix ratio
—@— 1:1.5:3 Mix ratio

3 —fo—  71:2:4 Mix ratio
g -
S
N—
3
< 14.00 —
o]
<
]
> -
[}
] b
2
0 12.00 —
(]
g
3
[} -
Q

10.00 —

8.00 T ] T ] T
0.00 2.00 4.00 6.00

Ratio of clay added %

Fig.(3): Effect of clay addition on concrete compressive strength
W/C=45%; Age of concrete is 3 days
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Fig.(4): Effect of clay addition on concrete compressive strength.
W/C=50% ; Age of concrete is 3 days.
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Water cement ratio 55%,Age is 3 days
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Fig.(5): Effect of clay addition on concrete compressive strength

W/C=55%,; Age of concrete is 3 days
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Fig.(6): Effect of clay addition on concrete compressive strength.
W/C=45%; Age of concrete is 7 days
Water cement ratio is 50%; Age is 7 days
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Fig.(7) :Effect of clay addition on concrete compressive strength.
W/C=50%,; Age of concrete is 7 days.
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Fig.(8): Effect of clay addition on concrete compressive strength.
W/C=55%,; Age of concrete is 7 days.
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Fig.(9): Effect of clay addition on concrete compressive strength.
W/C=45%; Age of concrete is 14 days.
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Fig.(10):Effect of clay addition on concrete compressive strength.
W/C=50%; Age of concrete is 14 days.
Water cement ratio is 50%; Age is 14 days.
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Fig.(10):Effect of clay addition on concrete compressive strength.
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W/C=50%; Age of concrete is 14 days.
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Fig.(11): Effect of clay addition on concrete compressive strength.
W/C=45%; Age of concrete is 28 days.
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Fig.(12): Effect of clay addition on concrete compressive strength.
W/C=45%; Age of concrete is 28 days.
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Fig.(13):Effect of clay addition on concrete compressive strength.
W/C=55%; Age of concrete is 28 days.
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Fig.(14):Effect of clay addition on concrete compressive strength.
W/C=55%; Age of concrete is 28 days.
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Conclusions and Recommendations

The results and remarks obtained through this study concludes the following recommendations:
(1) As ratios of clay added, or existed in the sand increases, the compressive strength decreases as
given in many references.

(2) It was noted that the average value of decrease in compressive strength starts with 20% for 2%
clay ratio and this is increased to about 33% when the clay ratio is 5%. This ratio is really serious or
critical; therefore, caution must be taken.

(3) Trial mixes must be attempted and tested to reach the most convenient mix ratio and
water/cement ratio when there are high quantities of clay; otherwise the sand material must be
rejected.

(4) This study shows clearly why all standards limit the ratio of fines to about 5% due to the
harmful effect of clay on concrete properties.

(5) A study must be done to the volume change phenomena because clay particles, which are
smaller than a few microns, undergo significant volume changes when they absorb water and dry
out thereafter.

(6) The shrinkage of concrete must be studied under these high ratios of clay. Wet clay particles,
which expand in the fresh state of concrete, later shrink and, as a result, their presence may lead to

large volume changes of the hardened concrete and strength reduction.
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