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ABSTRACT

The present study has focused on altering the properties of its composites to
achieve robustness in concrete with high speed of construction. The different types
of chemical admixtures are used to produce mortar/concrete with an accelerated
setting time and early-age strength. Stone waste can be converted into mortar and
concrete as an alternative to cementitious materials to overcome their ill effects,
resulting production of sustainable end products. The present study investigated the
influence of the stone slurry powder, calcium nitrate, and triethanolamine at various
proportions in the different mortar mixes. The viability of using the additional
materials in cement mortar based on strength, cost and environmental aspects was
also investigated. The results demonstrated that incorporation of stone slurry
powder in mortar enhanced the strength by 6—-17%, which may be due to its pore
filling ability. The cost of mortar construction also declined by 7% due to its free
availability. The cost index and carbon emission index of mortar mix containing
stone waste declined by 24% and 26%, respectively, compared to other mixes, due
to reduced cement content.
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1. INTRODUCTION

A rise in population and industrial growth has demanded
lower construction times to deal with the infrastructure
requirements. To speed up the construction, additional
materials or chemicals are added to enhance the setting and
hardening of cement composites. At low temperatures,
difficulties in the setting of cement composites and strength
development problems are experienced after the placement
or pouring in the formworks. To resolve this, accelerating
admixtures are added to cement-based materials to expedite
the stiffening and early-age strength development. Non-
chloride accelerating admixtures are added to cement
composites due to their corrosion-inhibiting nature. Calcium
nitrate (CN) and triethanolamine (TEA) are commonly used
admixtures to accelerate the hardening and early-age
strength. They also reduce construction time and cost by the
early removal of formworks (Aggoun et al., 2008).

On the other hand, the safe disposal of huge quantities of
industrial waste has become a significant environmental
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concern requiring adequate solutions. One of the solutions is
to reuse and recycle the industrial by-products in the
construction industry since this huge industry absorbs
large amounts of materials. This approach is sustainable as
it utilizes industrial waste, to a certain extent, and reduces
construction costs (Devi et al., 2018a; Chen et al,, 2023;
Jahangir et al,, 2023; Kontoni et al,, 2022; Liu et al,, 2023;
Marinelli et al,, 2023; Onyelowe et al, 2022; Devi et al,,
2019, 2022). The addition of marble slurry in concrete
reduces its environmental impact (Singh et al,, 2017);
the incorporation of marble powder in cement mortar
and concrete also reduces other negative impacts
(Khodabakhshian et al., 2018).

In the present study, varied amounts of the admixtures
CN and TEA were used in cement and stone slurry powder
(SSP) was used as a fractional substitution to cement to
examine the feasibility in terms of strength, environmental
impact, and cost. The study evaluates the practicality of the
additional materials in the cement mortar in different
aspects. The environmental impact, normalized energy index
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(NEI), normalized carbon emission (NCE) and normalized
cost (NC) of different mortar mixes were also evaluated. The
novelty of the work is to assess the individual and cumulative
effect of admixtures and Kota stone slurry powder on the
strength, cost and environmental in the different cement
mortar specimens.

2. MATERIALS AND METHODS

In the present study, 43 grades of Portland cement and

coarse sand as aggregate were used in the cement mortar,
according to both 1S:8112-1989 and 1S:383-2016. CN (0%,
1%) and TEA (0%, 0.025%, 0.1%) were used as cement
additives and SSP (0%, 5%, 7.5%, 10%) was used as a
partial cement substitution (Devi et al.,, 2018b). The images
of ordinary Portland cement (OPC) and SSP along with
their scanning electron microscopy (SEM) and energy
dispersive X-ray (EDS) analyses are shown in Figure 1
(Devi etal,, 2019). The designated mixtures of the different
mortar is given in Table 1.
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Figure 1. (a) Ordinary Portland Cement; (b)Stone slurry powder; (c) Scanning electron microscopic (SEM) image of
ordinary Portland cement; (d) energy dispersive X-ray (EDS) image of ordinary Portland cement; (e) SEM image of stone

slurry powder; and (f) EDS image of stone slurry powder

Table 1. Mixtures of cement mortar (Devi et al., 2018Db)

Mix No. Cement Sand Water CN Tea SSP
(kg/m3) (kg/m3) (kg/m3) (kg/m3) (1/m?3) (kg/m3)

CM1 575.00 1725 158.25 0 0 0
CM2 580.75 1725 158.25 5.75 0 0
CM3 575.14 1725 158.25 0 0.14 0
CM4 575.58 1725 158.25 0 0.58 0
CM5 546.25 1725 158.25 0 0 28.75
CM6 531.88 1725 158.25 0 0 43.13
CM7 517.50 1725 158.25 0 0 57.50
CM8 552.00 1725 158.25 5.75 0 28.75
CM9 537.63 1725 158.25 5.75 0 43.13
CM10 523.25 1725 158.25 5.75 0 57.50
CM11 580.89 1725 158.25 5.75 0.14 0
CM12 581.33 1725 158.25 5.75 0.58 0
CM13 552.14 1725 158.25 5.75 0.14 28.75
CM14 537.77 1725 158.25 5.75 0.14 43.13
CM15 523.39 1725 158.25 5.75 0.14 57.50
CM16 552.58 1725 158.25 5.75 0.58 28.75
CM17 538.20 1725 158.25 5.75 0.58 43.13
CM18 523.83 1725 158.25 5.75 0.58 57.50
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The environmental impact analysis of additives in the
cement mortar mix was carried out. The inventory of raw
materials for the environmental analysis (energy, CO2
emission and cost) was taken from previous studies

(Flower and Sanjayan, 2007; Devi et al., 2022) and is given
in Table 2. Batching, transportation and placing of concrete
also have less contribution to CO2 emission (Devi et al,
2019).

Table 2. Inventory data for energy consumption (EE), carbon emission (ECO2) and cost

No. Materials EE (M]/kg) ECO: (kgCO2/Kkg) Cost (US$/kg)
1 Cement 4.8 0.83 0.073

2 Sand 0.022 0.001 0.012

3 Water 0.01 0.0002 -

4 CN 0.1368 0.481 5.22

5 TEA - - 12.88

The energy consumption (EE), carbon emission (ECO2)
and cost of the different mortar mixes at day 28 were
calculated using Equation 1 (Devi et al,, 2022). The NEI, CF
and normalized costindex (CI) were calculated (Tahwia etal,,
2022).

EE/ECO,/Cost =3Xg,m, 1)

where gi = EE per unit mass of materials and m; indicates
the mass of concrete ingredients i per unit cubic meter.

3. RESULTS AND DISCUSSION

The study investigated the effects of additional materials
(CN, SSP, and TEA) on cement mortar mixes in terms of
strength, cost, and environmental impact. The economic
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feasibility was assessed by calculating the cost of the low
cement content mixtures and comparing them with the
reference mix. The NC index is the ratio of cement mortar
price to that of the reference mortar mix.

The 28-day compressive strength of the cement mortar
mixes was studied. It was found that the addition of stone
waste enhanced the strength of the mortar mixes due to their
pore filling ability and dense matrix formations. The addition
of CN enhanced the strength due to the presence of lime,
while TEA reduced the strength of the mortar owing to its
retarding effect on Cs3S (Devi et al,, 2019). The variation in
compressive strength at day 28 is shown in Figure 2. The
incorporation of CN, SSP and their combinations in the
cement mortar enhanced the compressive strength by 3%,
7-17% and 3-17%, respectively, due to the combined effect
of a dense matrix formation and high lime content.
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Figure 2. Variation of compressive strength of different mortar mixes

The environmental analysis of the different cement
mortar mixes was evaluated. The energy consumption and
CO: emission of different mortar mixes varied from 57.4 to
108 MJ/m3 and 9.8 to 15.2 kgCO2/m3, as shown in Figures
3 and Figure 4, respectively. The cost of different mortar
mixes varied from 58.5 US$/m3 to 100.6 US$/m3. The
usage of SSP in mortar reduced the EE and ECO:z due to a
reduction in cement content and also the presence of
industrial by-products. SSP had a lower or negligible EE,
carbon emission and cost, compared to other materials
such as CN, TEA and cement among all of the materials. The
EE, ECOz, and cost of mortar mixes containing SSP were
reduced by 5-11%, 5-11% and 8%, respectively, whereas
the addition of CN enhanced them by 1%, 2% and 32%.
TEA had a negligible impact on EE and ECOz due to lesser
amount in the mortar; however, it raised the cost of mortar
construction by 2%, as observed from the Figures 3-5. The
combination of these additives in cement mortar has a
lesser effect on these environmental assessment
parameters, possibly due to the presence of SSP or TEA.

Silpakorn Universtiy

The value of NEI, NCI, and NC indexes for the mortar
mixes consisting of SSP were lower than the reference
mix by 12-26%, 12-26% and 11-24%, respectively. This
was because of the presence of finer SSP particles
enhancing the mortar strength by densifying the matrix.
However, the mixes containing TEA had the highest
values for normalized energy consumption index, carbon
emission index and cost index at 10-33%, 10-33% and
11-40% among all mixes due to reduction in compressive
strength. The addition of CN raised the costindex by 30%,
but reduced the energy consumption and carbon
emission indexes by 2% and 2%, respectively. The lower
values of normalized energy consumption, COz emissions
and cost of mortar mixes lead to a more eco-friendly
construction product that could be used for different
applications.

Figure. 5 illustrates that the addition of chemical
admixtures hikes the cost of mortar production, whereas
the utilization of SSP in the mortar mixes can cut the cost
of construction by up to 7%.
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Figure 3. Energy consumption and energy consumption index of mortar mixes
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Figure 4. COz emission and COz emission index of different mixes proportions of mortar mixes (CM1 to CM18)
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Figure 5. Cost and cost index of different mortar mixes

4. CONCLUSION

In the present study, the admixtures (CN and TEA) and SSP
at various percentages were used in mortar to evaluate the
strength, cost and environmental effect, compared to the
reference mix. The EE index, CO2 emission index and cost
index of the different mortar mixes were evaluated by
considering the 28-day compressive strength under water
curing condition. The following conclusions were found
from the above study:

The incorporation of SSP, CN and their combinations in
the mortar mixes enhanced the compressive strength by 6-
17%, 7-17% and 3-17%, respectively, due to the pore
filling capability of SSP and the high lime content in CN. The
addition of TEA reduced the strength, possibly because of
its retarding effect on the C3S hydration process compared
to the control mix.
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The addition of CN, TEA and their combinations in the
different mortar mixes hiked the cost of construction due
to their high (additional) price by 48%, 2.5-11% and 51-
60%. TEA in cement mortar had little effect on the energy
consumption and COz emissions due to lower quantity. The
addition of CN in the mortar enhanced the energy
consumption and COz emission by 1% and 1.5%, compared
to the plain mix.

The utilization of SSP up to a certain percentage (7.5%)
produced mortar with a higher strength and lower energy
consumption, COz emissions and cost, producing a
sustainable end product. Reusing the stone waste in
mortar construction reduced the problems related to
waste disposal to land and water courses.



Devi, K., et al.

REFERENCES

Aggoun, S., Cheikh-Zouaoui, M., Chikh, N., and Duval, R.
(2008). Effect of some admixtures on the setting time
and strength evolution of cement pastes at early ages.
Construction and Building Materials, 22(2), 106-110.

Chen, H,, Qin, R,, Chow, C. L., and Lau, D. (2023). Recycling
thermoset plastic waste for manufacturing green
cement mortar. Cement and Concrete Composites, 137,
104922.

Devi, K, Acharya, K. G., and Saini, B. (2018a). Significance
of stone slurry powder in normal and high strength
concrete. In Proceedings of the 1st International
Conference on Sustainable Waste Management through
Design (Singh, H., Garg, P., and Kaur, L, Eds.), pp. 484-
492. Ludhiana Punjab, India.

Devi, K, Saini, B., and Aggarwal, P. (2018b). Combined use
of accelerators and stone slurry powder in cement
mortar. In Proceeding of the 15t International Conference
on Sustainable Waste Management through Design, pp.
202-209. Ludhiana, India.

Devi, K, Saini, B.,, and Aggarwal, P. (2019). Utilization of
Kota stone slurry powder and accelerators in concrete.
Computers and Concrete, 23(3), 189-201.

Devi, K., Saini, B., and Aggarwal, P. (2022). Impact of high
temperature on mortar mixes containing additives.
Journal of Engineering Research, 10(1B), 68-85.

Flower, D. J. M,, and Sanjayan, J. G. (2007). Green house gas
emissions due to concrete manufacture. The International
Journal of Life Cycle Assessment, 12, 282-288.

Jahangir, H., Soleymani, A, and Esfahani, M. R. (2023).
Investigating the confining effect of steel reinforced
polymer and grout composites on compressive
behavior of square concrete columns. [ranian Journal of
Science and Technology, Transactions of Civil Engineering,
47,775-791.

Silpakorn Universtiy

Khodabakhshian, A. de Brito, ]J.,, Ghalehnovi, M. and
Shamsabadi, E. A. (2018). Mechanical, environmental and
economic performance of structural concrete containing
silica fume and marble industry waste powder.
Construction and Building Materials, 169, 237-251.

Kontoni, D.-P. N,, Onyelowe, K. C,, Ebid, A. M., Jahangir, H,,
Eidgahee, D. R, Soleymani, A., and Ikpa, C. (2022). Gene
Expression Programming (GEP) modelling of
sustainable building materials including mineral
admixtures for novel solutions. Mining, 2(4), 629-653.

Liu, B, Yang, L., Shi, ], Zhang, S., Yal¢inkaya, C., and Alshalif,
A. F. (2023). Effect of curing regime on the
immobilization of municipal solid waste incineration
fly ash in sustainable cement mortar. Environmental
Pollution, 317,120839.

Marinelli, S., Marinello, S. Lolli, F., Gamberini, R., and
Coruzzolo, A. M. (2023). Waste plastic and rubber in
concrete and cement mortar: A tertiary literature
review. Sustainability, 15(9), 7232.

Onyelowe, K. C, Ebid, A. E, Mahdi H. A, Soleymani, A,
Jahangir, H., and Dabbaghi, F. (2022). Optimization of
green concrete containing fly ash and rice husk ash
based on hydro-mechanical properties and life cycle
assessment considerations. Civil Engineering Journal,
8(12),3912-3938.

Singh, M., Choudhary, K., Srivastava, A., Sangwan, K. S., and
Bhunia, D. (2017). A study on environmental and
economic impacts of using waste marble powder in
concrete. Journal of Building Engineering, 13, 87-95.

Tahwia, A. M., Essam, A, Tayeh, B. A,, and Elrahman, M. A.
(2022). Enhancing sustainability of ultra-high
performance concrete utilizing high-volume waste
glass powder. Case Studies in Construction Materials, 17,
e01648.


https://www.sciencedirect.com/journal/cement-and-concrete-composites
https://link.springer.com/journal/11367
https://link.springer.com/journal/11367
https://link.springer.com/journal/40996
https://link.springer.com/journal/40996
https://www.sciencedirect.com/journal/environmental-pollution
https://www.sciencedirect.com/journal/environmental-pollution

