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ABSTRACT

It was determined the settlement, with the help of the Abrams Cone, of 3 mixtures of conventional concrete
with weight differences in the incorporated cementitious material whose variation contemplates the 300, 350
and 400 Kg/m3 for each mixture. The classification of the materials used for the elaboration of the concrete
mixtures was made by means of the standardized methods in the Colombian Technical Norms and the Tests
Concrete mixes, of the National Institute of Roads. Based on the conventional mixtures elaborated, an equal number of
Slump experimental mixtures were carried out that counted as a common characteristic the replacement 0of 40% of the
weight of the cementitious material by 70% of fly ash, residual material of the Termoelectrica Termotasajero
located in the municipality of San Cayetano Cucuta Colombia and 30% of hydrated lime coming from the
Municipality of Malaga in the department of Santander of the same country. The experimental mixtures, in
addition to their variable in the weight of the incorporated cementitious material, had an additional variable
which consisted of the % of water in relation to the weight of the cementitious material with which its
reveniment was evaluated with the inclusion of 60, 65 and 70% of the weight of the material by water. After
a comparative analysis of the data from the mixtures, the viability of including fly ash and hydrated lime in
mixtures that include 350 and 400 kg of cementitious material per m3, together with 65 and 70% of water in
relation to the weight of the same material, was concluded.
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RESUMEN
Palabras clave: Se determiné el asentamiento, con la ayuda del Cono de Abrams, de 3 mezclas de concreto convencional
con diferencias de pesos en el material cementante incorporado cuya variacion contemplo los 300, 350 y
Asentamiento, 400 Kg/m3 para cada mezcla. La clasificacion de los materiales utilizados para la elaboracion de las mezclas
Material cementante, de concreto fue realizado mediante los métodos estandarizados en las Normas Técnicas Colombianas y los
Mezclas de concreto Ensayos del Instituto Nacional de Vias. Con base en las mezclas convencionales elaboradas, se realizaron

igual nimero de mezclas experimentales que contaron como caracteristica en comun el reemplazo del
40% del peso del material cementante por un 70% de ceniza volante, material residuo de la Termoelectrica
Termotasajero ubicada en el municipio de San Cayetano Cucuta-Colombia y un 30% de cal hidratada
proveniente del Municipio de Malaga en el departamento de Santander del mismo pais. Las mezclas
experimentales ademas de su variable en el peso de material cementante incorporado contaron con una
variable adicional la cual consistié en el % de agua con relacion al peso del material cementante con los
cuales se evalud su revenimiento con la inclusion del 60, 65 y 70% del peso del material por agua. Luego
del analisis comparativo de los datos arrojados por las mezclas se concluyd la viabilidad de la inclusion de
la ceniza volante y la cal hidratada en las mezclas que contemplen 350 y 400 Kg de material cementante por
m3, junto al 65y 70% de agua con relacion al peso del mismo material.
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Introduction

Since its invention, concrete has been the essential cons-
truction material in civil engineering works due to its
versatility and economy, a characteristic that makes it the
most common construction material [1]. Today, it is con-
sidered the second most used material after water, with
almost three tons used annually by each person on earth

[2].

The economic growth of most countries leads to signi-
ficant percentages of their domestic budget being allo-
cated for planning and execution of infrastructure wor-
ks, activities that considerably increase the demand for
construction materials[3]. In recent decades, the increase
in the use of concrete has led to an excessive consump-
tion of natural stone aggregates (NSA), which constitute
approximately 70% of the total volume of the mixture
[4-5], a characteristic that ratifies the classification of this
industry as one of the productive areas with the greatest
environmental impact [6] due to the incessant exploita-
tion of natural resources (NR) necessary for the develop-
ment of a large part of its processes.

This constructive activity that is increasing in parallel
with the growing world population, which, according to
UN studies, is estimated at approximately 9700 million
inhabitants in the next 30 years [7], awakens the alarms
of the different sectors, especially the environmentalist,
who incessantly seek joint solutions to solve the ecologi-
cal crisis that is approaching. Fortunately, the scientific
sector in recent years has been developing research pro-
jects aimed at mitigating the use of NR and the reduction
or elimination of polluting residues in the processes inhe-
rent in the development of the various civil engineering
works. Thus, the implementation of ecological materials
with low environmental impact in engineering works
becomes the premise for professionals in this field, who
have the task of innovating designs, techniques and cons-
truction materials in their next construction works [8].

The investigations carried out on concrete, which focus
on the materials that compose it, have promoted the use
of non-conventional materials in partial or total replace-
ment of both its NSA and the cementitious material (CM)
[9]. Research results that lead to the evolution of concrete
leading to the status of sustainable material respectful of
ecosystems in the interest of environmental protection

and the conservation of NR [10].

Concrete production is a multi-stage process with many
important factors[11], which in addition to continuing
with the objective of the construction industry to ensure
the well-being of the inhabitants by reducing CO2 emis-
sions and reducing the use of NR [12], must be concerned
with maintaining the physicochemical characteristics and
mechanical properties that position it as a reliable mate-
rial for use in various construction projects. The flags-
hip property of concrete is its resistance to compressive
stresses, a characteristic that provides reliability for its
application in engineering works, as well as its runoft or
slump property that makes more efficient the workability
of the mixture for disposal in projects that require some
type of special condition in its pouring or final strength.

The physicochemical properties and the particle size of
the non-conventional material that is intended to repla-
ce those traditionally used in the elaboration of concrete
mixtures, are a key piece for initiating the development
of research. This is how the component to be replaced,
fine NSA, coarse NSA, water and CM are identified, to-
gether with their % of substitution [13].

Fly ash (FA), a by-product of the combustion of coal and
hydrated lime (HL), are among the most studied materials
in the different investigations for the partial substitution
of CM in concrete mixtures [14] due to their physicoche-
mical characteristics that make them viable to substitute
CM in percentage terms.

The present research work shows the data obtained in the
Slump test of three types of experimental mixtures (EM)
whose variable (1) consisted in the weight of CM used for
the elaboration of 1m3 of concrete (300, 350 and 400K g).
And as a variable (2) the % of the ratio water cementitious
material (R-w/cm), (60, 65 and 70%) was contemplated.
The EM presented as a common characteristic the partial
replacement in weight of the CM in 40%, by FA and HL.
The results obtained were tabulated and compared with
those obtained in conventional concrete mixtures (CCM)
that were initially carried out as a comparative review.
It was concluded that a % increase in the a/mc ratio is
necessary to improve the workability of EM.
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Materials and methods

An experimental investigation was carried out which be-
gan with the analysis and classification of the materials
implemented in the elaboration of the CCM. Was used
CM Portland type 1 for general use, marketed by the ce-
ment company CEMEX. As described in the Colombian
Technical Regulations (NTC), the CM was classified un-
der the standards indicated in NTC30 [15]. Its chemical
analysis was proposed with NTC321 [16]. Its physical and
mechanical specifications were analyzed with NTC121
[17]. The NSA was collected from Transmateriales S.A
located in the city of Cucuta-Colombia. Following the
NTC77 [18] standards, the particle sizes were identified.
Their unit mass and the voids between particles were ca-
talogued by NTC92 [19]. With the accomplishment of the
Test 230 of the National Institute of Ways (INV-E230)
[20] the indexes of elongation and flattening of the thick
NSA were determined, its density and absorption was in-
dicated by the standards captured in the NTC176 [21],
while its % of wear to the abrasion was defined by the
NTC98 [22]. The NTC237 [23] was implemented to co-
llect data corresponding to the density and absorption of
the fine NSA. The FA by-product of the combustion of
coal was granted by the thermoelectric Termotasajero
located in the Municipality of San Cayetano-Cucuta. Its
physicochemical analysis was recovered from previous
investigations carried out on this type of material [14].
The HL was brought from the Municipality of Malaga
in the department of Santander-Colombia. Its type S
classification was compared according to the standards
indicated in NTC4019 [24]. The mixing water had the
specifications detailed in NTC3459 [25]. Analyzed and
classified the materials, we proceeded to the elaboration
of 3 designs of mixtures of CCM whose weight of CM for
the projection of 1m3 of concrete determined its variable
(1) 300, 350 and 400K g. As variable (2) was indicated the
% of the Rw/cm, 60, 65 and 70%. Each one of the designs
of mixtures was verified by means of the settlement test
according to the parameters described in NTC396 [26].
The data from the trials served as a comparative basis for
subsequent comparison with EM.

For the confection of the EM, 40% of the weight of the
CM was replaced by FA and LH to the 3 designs of CCM,
common characteristic between the EM. The lime cons-
tituted 30% of the weight of the replaced CM and the
FA the remaining 70%. The Rw/cm ratio in EM was the
same as that used for CCM. As in the CCM, the slump of

the EM was verified by the same test carried out in the
materials laboratories of the Francisco de Paula Santan-
der-Cucuta University. The data produced by the designs
of the CCM and EM were tabulated and compared de-
monstrating the influence of the Rw/cm in the slump of
the EM in comparison with the CCM.

Sieve Mass (g) % Retained % Accumulated retamned % Pass
3/8” 0 0 0 100
No4 12535 6.403 6403 93.60
No 8 256.9 13.107 19.510 80.49
No 16 446.3 22.770 42.281 57.72
No 30 392 4 20.020 62.301 37.70
No 50 3714 18.049 81250 18.75
No 100 2554 13.031 94.281 5.72
No 200 96.5 3923 99.204 0.80
Fund 156 0796 100 0

Source. Authors
Table I. Fine aggregate granulometry
Seve | Swe(mm) | Retaned soil mass % Retained % Accumulated retained % Pass
1" 2540 0 0 ( 100
34 19.00 0 0 0 100
12 1270 1396 21183 21813 78.188
I8 9.50 2033 32078 33801 46.109
Nod4 476 1769 27641 81531 18468
No 138 960 15 96.331 3469
No 16 119 214 334 99875 0125
Source. Authors
Table II. Coarse aggregate granulometry
Density Kgm’
Cementitions Material 2546.04
Natural Stone Aggrepates 266137
Water 100
Volume of air used 2%
Source. Authors
Table IT1. Materials densities for Im3 of concrete
Results

Design of Experimental Mixes

The CCMs were initially identified as CCM/300,
CCM/350 and CCM/400 according to the weight of the
CM used, this being its variable (1). For variable (2), each
recognised mixture was transcribed with the % value of
the incorporated Rw/cm. Thus, for CCM/300, CCM/300-
60, CCM/300-65 and CCM/300-70 were established co-
rresponding to its Rw/cm. The same descriptive process
was used for the other mixtures. Once the CCM had been
unidentified, the design of the EM was proceeded. For
the design of the EM, 40% of the CM weight incorpora-
ted in the CCM was replaced by FA and HL, this being
the common variable among the EM. The distribution of
the FA / HL ratio in relation to the % of the replaced CM
is 30% for the HL and the remaining 70% for the FA.

The Rw/cm in the EM was similar to that described in the
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CCM, so the EM were marked as EM/300-60, EM/300-
65 and EM/300-70, with the same reference for the other
EM.

Comparison of Slumps CCM/300 vs EM/300

In this comparison it is evident that the behavior in the
increase of the slump that presents the CCM by means

liters /m? % Volume Kg'm? .
of the gradual increase of the Rw/cm averages lcm by
CCM Rw/cm 4 :
Water Air | NSA/Mm? Total NSA NSA Coarse | NSA Fine M 0 .. . . .
% of addition. While the average increase of the EM is 2
CCMA00-60 040 180 | 2% | 6672% 1775.59 887,79 38779 | 300 . .
CCMAN-65 065 195 % | 6522% 173567 567,83 36783 | 300 cm. The % increase in Rw/cm between EM/300-60 and
CCMAN0-T0 070 0| % | 644T% 171571 §57.85 85785 | 300 : : :
T e T o B vy s i EM/300-70 doubled the increase in their settlement rela-
CCM350-65 065 0I5 | 2% | 6150% 1636.83 81841 31841 | 350 ;
CCMA50-70 07 245 % | 5975% 159025 79513 9513 | 350 tive to CCM.
CCM/400-60 06 40| 2% | 5809% 155129 775.65 77565 | 400
CCM/400-65 065 260 | 2% | 5629% 1498.07 749.03 74903 | 400 &
CCMA00-70 07 280 | 2% | 5429% 144484 72042 T4 | 40
Source. Authors
5
Table IV. Design of Conventional Mixes
: = = =4
liters/m® % Volume Kgm! g /
EM RWEM | oo | Aw | ¥SAw | TowNSA | NSACoase | NSAFme | €M | FA | HL £ s
%
e CCM/300
EM/300-60 0.60 180 2% 66.72% 1775.59 887.79 887.79 180 84 36
EMA00-65 065 195 | 2% | 65.20% 173561 867,83 86783 | 180 | 84 | 36 2 EM300
EM/300-70 0.70 210 2% 64.47% 1715.71 857.85 857.85 180 84 36
EM330-60 06 00| 2% | 6325% | 16w B4L70 B0 | 210 | % |4
EM33063 065 075 | 2 | 6150% | 163683 81341 sigal | 210 | 98 | 4 14
EMASIT0 07 M5 | 2% | 9% | 1592 79513 w13 | 210 | % | 4@
EMA0L-60 06 M0 | 2% | 829% | 155109 .63 56 | 40 | 12 | 4
EMA00-65 065 260 | 2% | 5629% | 149807 749,03 M0 | 240 | 12 | 48 0
EM/400-70 07 280 2% 34.29% 1444 84 2242 72242 240 112 48 60 65 70
Source. Authors
Rw/em
Table V. Design of Experimental Mixes
Figure 1. Slumps CCM-EM/300
Slump test CCM and EM

After the designs of mixtures, CCM and EM, the slump
tests were carried out. The Abrams cone was used for the
test under the procedure described in NTC396.

Mix Slump {cm)
CCNYI00-60 3.5
CCM/300-65 43
CCMNY300-T0 5.4
CCM/350-60 6.2
CCMN/IS0-65 6.5
CCM/350-T0 73
CCMN/400-60 8
CCN/400-65 9.5
CCMN/400-T0 11

Source. Authors

Table VI. Conventional Mixes Slumps

Mix Slump (cm)
EM/300-60 1
EM/300-65 235
EN/300-70 51
EM/350-60 1
ENI/350-65 .8
EM/350-70 10.5
EM/400-60 8.5
EM/400-65 18
EN/400-70 19

Source. Authors

Table VII. Experimental Mixes Slumps

Source. Authors

Comparison of Slumps CCM/350 vs EM/350

There is a significant difference in the results compared
between the mixes /300-60, with the result given by the
CCM/300-60 being higher. Mixture EM/350-65 and
EM/350-70 outperform of the CCM comparing them.

12,5

10

6 Q——/_’//

oo

Slump (em)

EM350
e CCMA350

60 65 70

Rw/em

Figure 2. Slumps CCM-EM/350

Source. Authors
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Comparison of Slumps CCM/400 vs EM/400

In the latter comparison, the differential gap between the
EM with Rw/cm (65 and 70) exceeds 8 cm between the
comparative CCM. The /400-60 mixtures presented a
minimum settlement difference.

20
18
16
14 7
=12

210 ———
= —t— CCM/400
% 8

kg EMA400

6

o N A

60 65 70

Rw/cm

Figure 3. Slumps CCM-EM/400

Source. Authors

Conclusions

The Rw/cm 60 put in advantage the slump of the CCM/300
in relation to the EM/300, in turn, the Rw/cm 70 in the
same mixtures did not present major difference, the com-
parative results between the mixtures urge the CCM. In
the comparison between the CCM and EM/350, the Rw/
cm 60 continued with the superiority of the slump of the
CCM over the EM, while in the Rw/cm 70 the significant
increase in the slump of the EM compared to the CCM
was evidenced. In the CCM and EM/400 a particular re-
sult was observed in the slump obtained by the mixtures
with the Rw/cm 60 indicating a minimum superiority of
the EM over the CCM, the other Rw/cm indicated the
considerable advantage of the results thrown by the EM.
The amount of cement incorporated in the mixtures sig-
nificantly influences their slump, a characteristic evident
in Figures 2 and 3 compared to Figure 1. The increase
of the CM together with the Rw/cm 65 and 70 expressed
an important increase in the slump of the EM/400. The
results confirm the viability of FA and HL in concrete
mixes whose CM weight ranges from 350 to 400K g with
Rw/cm of 65 and 70%.
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