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Highlights
 Fire performance of fly ash blended SCC including GW was studied.

* Fly ash blended SCC containing GW exhibited superior fire resistance
characteristics.

* Sustainability analysis suggested that use of GW up to 40% exhibited
better sustainable solution.

*  GW up to 40% could be selected as a substitute to fine aggregate where
failure due to fire is a problem.
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Abstract

Manufacturing of granite products generates enormous amounts of granite waste (GW) worldwide,
which triggers environmental pollution on its dumping. On the other hand, the resistivity of concrete
structures and the safety of humans are likely to undergo intense threats when exposed to fire
attacks. Therefore, an experimental study was conducted to determine the real-time fire attack
performance of eco-efficient fly ash blended self-consolidating concrete (SCC) containing up to 60%

GW as a replacement for natural fine aggregate. The change in weight, compressive strength, water
absorption, and ultrasonic pulse velocity characteristics of SCC were determined after being exposed
to varying elevated temperatures of 200+10°C, 400+10°C, 600£10°C, and 800+10°C. Advanced
Fourier transform infrared test was done to examine chemical changes in fire-exposed specimens.
Test results revealed that FA blended SCC containing GW (up to 60%) exhibits better post-fire
properties, with optimum mechanical and durability properties at 30%. Besides, sustainability

analysis results revealed that the use of GW up to 40% exhibited better sustainable solutions under
the given economic and environmental cost factors. This study concluded that up to 40% GW as a
replacement to fine aggregate could be positively incorporated in the production of FA blended SCC,
where failure due to fire is a problem.
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1. Introduction

Fire is considered as one of the critical threats to most structures. The significant usage of concrete as
a structural material for making buildings has led to the insistence on thoroughly identifying the
impact of fire on it. The resistivity (i.e., stability and serviceability) of the structures and the safety of
humans are greatly affected when concrete is subjected to elevated temperature [1]. Physical and
chemical alterations in the cement and aggregate phases and pore pressure within concrete
composites during fire attack cause the disintegration of concrete performance [[2], [3], [4]].
Physicochemical reactions, such as break down of calcium hydroxide (Ca(OH), or portlandite) and
calcium silicate hydrate (CSH) gel, occur at 400°C and 500-900°C, respectively, within the concrete

matrix as an effect of fire [[5], [6], [7]]. When concrete components reach a critical temperature, they
lose their characteristics due to the above-mentioned physicochemical reactions and are severely
damaged. Besides, earlier researchers have claimed that the behaviour of self-consolidating concrete
(SCC) and high-performance concrete under fire is distinct from normal compacted concrete (NCC)

[5.[7], [8], [9]]-
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SCC is the improved form of ordinary concrete that can be easily placed in a confined structure
section with jam-packed reinforcement without mechanical vibration [10,11]. It was invented in the

early 1980s by Prof. Okamura [12]. Since then, it has been globally employed as a construction
product in many countries to enrich concrete structures quality under diverse conditions.
Furthermore, in the past two decades, researchers have emphasized the production of sustainable
concrete by deploying industrial waste products. The incorporation of waste products in concrete has
been enhancing rapidly due to their cost-effectiveness, eco-efficient, and better structural
performance than natural resources [[13], [14], [15]]. However, it is important to determine the
suitability of developed sustainable concrete against aggressive situations. With the continuously
rising population and infrastructure accompanying the dearth of fire safety machinery, structures,
and buildings are confronting massive fire jeopardy [ 16]. Therefore, the fire performance of concrete
structures or concrete containing industrial waste products needs to be assessed.

Researchers have assessed the fire performance of concrete composites containing different
industrial wastes. Rajawat et al. [17] evaluated the fire performance of waste ceramic NCC at distinct
temperatures of 200, 500, and 800°C. They reported that the utilization of ceramic waste as sand
enhances the resistance against fire attack. Sudarshan and Vyas [18] studied the effect of marble
aggregate as an alternative of about 75% of coarse aggregate by weight on NCC subjected to elevated
temperature. They reported that marble-based NCC performed better than the conventional NCC
when subjected to elevated temperature. Tiwary et al. [19] reported that NCC containing up to 10% of
marble and foundry waste as a cement and sand replacement performed better than the control mix,
respectively. They also reported that compressive strength enhanced for incorporating up to 10% of

marble and foundry waste in NCC when subjected to up to 400°C elevated temperature. Santos and
Rodrigues [20] studied the impact of fire attack on the mechanical attributes of calcareous-based and
granite-based aggregate. They reported that granite-based NCC showed more residual mechanical
strength than the calcareous-based NCC when subjected to elevated temperature. Nuaklong et al.
[21] reported that granite modified geopolymer composite had lower resistance against fire than the

geopolymer composite made with fine aggregate. Thomas and Harilal [22] found about 32%
compressive strength loss for quarry dust aggregate-based NCC at 400°C. Hachemi and Ounis [4]
determined the influence of fire attack on NCC, including recycled brick aggregate, as a substitution
of about 30% of coarse aggregate (by weight). They reported that recycled brick-based NCC showed
similar or better resistance after being subjected to elevated temperatures than the conventional
NCC. Nadeem et al. [9] examined the effect of fly ash (FA) and metakaolin on NCC at elevated
temperatures and reported that FA-based NCC performed better than metakaolin based NCC. They
also reported that both the FA and metakaolin based mixes showed significant strength loss after
being subjected to 400°C. Xu et al. [23] reported that NCC containing 25-50% FA showed about 4-15%
compressive strength loss at 450°C temperature, while NCC made without FA showed 20%
compressive strength loss. Anand et al. [7] utilized different mineral admixtures (i.e., FA, silica fume,

and metakaolin) to produce SCC and evaluated their efficacy against the elevated temperature. They
detected that the mechanical characteristics of SCC diminished due to the decomposition of cement

hydrates and the formation of pores at elevated temperatures. They also reported that FA and silica
fume-based SCC showed better resistance to fire attack than the metakaolin-based SCC. Aydin and
Baradan [24] found the effect of fire on the pumice aggregate-based composites prepared with FA.
They reported that the inclusion of FA as an alternative to cement enhances the resistance of pumice
aggregate-based composites against elevated temperatures.
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According to the available study, the fire performance of cement-based composites containing
granite waste (GW) has not been thoroughly investigated. Granite waste (GW) is a by-product of
granite stone industries, produced in massive quantities during the cutting and polishing of granite
blocks. According to the world natural stone association (WONASA) report [25], India is the third
biggest country of granite block production in the world after China and Brazil. It has been reported
that about 20-25% amount is resulted in GW during different production stages of the granite
industry. This waste is disposed of in the open environment, and the non-biodegradable nature of
this waste negatively affects the environment and human health. The continuous stockpiling of GW
has reduced the useful land area [26]. It has a substantial environmental impact due to its adverse
effect on soil permeability. It hinders water seepage to the lower layers, affecting aquifer recovery
and plant life. If inhaled, it also risks human health due to the small percentage of crystalline silica in
the granite fines [27]. To minimize the piling of GW and provide an alternative to natural resources,
researchers have utilized GW in the development of green concrete composites [[28], [29], [30], [31],
[32]].

Previous literature shows superior mechanical and durability (other than fire) attributes on
employing GW in concrete composites [29,33,34]. Earlier, the authors of this study observed superior
fresh and hardened performance of granite-based SCC [35,36]. However, the previous investigation
on GW-based SCC lacks detailed research on fire safety, which may present a challenge to field
application. Several authors have also reported a huge deterioration in concrete properties containing
industrial waste after being subjected to high temperatures [[17], [18], [19],22]. Therefore, to ensure
the safe and sustainable application of GW, it is crucial to understand the performance of FA blended
SCC containing GW after exposure to elevated temperatures.

The study, for the first time, presents an experimental investigation of the real-time fire behaviour of
FA blended SCC, including GW as a substitution of natural fine aggregate. During the real time fire
case, the degree of heating is fluctuating [2,18]. The structural performance of concrete is determined
after application of real time fire conditions [37]. Compressive strength, ultrasonic pulse velocity
(UPV), and water absorption tests were conducted to measure the fire performance of developed SCC
mixtures. The advanced Fourier transform infrared spectroscopy (FTIR) technique was utilized to

determine chemical changes in developed SCC mixtures. FA blended SCC including GW was also
investigated for cost, carbon emissions, and embodied energy. The study's results will help to
understand the effect of GW on the fire safety of concrete and identify a robust (fire-safe) and
sustainable application of GW in FA blended SCC for the construction industry.

2. Experimental program

2.1. Materials

Cement, fly ash (FA), fine aggregate, and coarse aggregate utilized in this study were Ordinary
Portland cement (OPC) 43 grade, class-F fly ash, river sand, and basalt stone (10mm size) confirming

with relevant codes [[38], [39], [40]], respectively. Chemical compositions of raw materials, as
examined by X-ray fluorescence (XRF) technique, are shown in Table 1. Granite waste (GW) was
utilized in dried conditions. GW mostly consists of quartz (SiO,), albite (NaAlSi3Og), and microcline
(KAISi30g) crystalline phases as obtained by X-ray diffraction technique [31], which are accorded

with the chemical composition of GW as obtained by XRF (Table 1). The physical properties of raw
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materials are shown in Table 2. Sieve analysis results (Fig. 1) indicated that particles of GW are

smaller than fine aggregate. The fine aggregate and GW surface morphology was obtained using the
scanning electron microscope (SEM) technique. Nova Nano SEM-450 apparatus was utilized for SEM

analysis. SEM images of fine aggregate and GW particles, shown in Fig. 2(a) and (b), respectively,

indicate that the particles of GW are relatively more rough and angular than fine aggregate particles.

GW and fine aggregate's thermal attributes were obtained using thermogravimetric analysis (TGA).

The material sample in the TGA system was heated from 30°C to 800°C with a heating rate of

10°C/min. TGA pattern (as shown in Fig. 3) indicates that GW has a comparatively smaller weight loss

than fine aggregate on exposure to elevated temperature.

Table 1. Chemical composition of raw materials (%).

Materials Cao Sio, Al,03 Fe,03 Na,0 K,0 MgO0 P,0;5 MnO
Cement 45.88 31.30 3.49 3.30 0.22 0.69 5.21 0.05 0.05
FA 0.90 58.19 26.93 427 0.07 1.10 0.69 0.21 0.06
Fine aggregate 2.51 7725 6.14 112 1.08 428 034 0.05 0.04
GW 0.89 69.77 10.74 1.80 313 484 054 0.05 0.03
Table 2. Physical properties of raw materials.

Materials Specific Water Fineness Specific surface 28 days compressive

gravity absorption (%) modulus area (m?2/kg) strength (MPa)

Cement 3.16 - - 297 45.8

FA 2.28 - - 353 -

Fine 2.64 1.00 2.50 - -

aggregate

Coarse 2.71 0.40 5.99 - -

aggregate

GW 2.57 4.49 1.40 - -
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Fig. 1. Gradation of aggregate and GW [35].
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Fig. 2. Microscopic images of (a) fine aggregate; (b) GW.
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Fig. 3. TGA pattern of GW and fine aggregate.
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2.2. Mixture details

Nine SCC mixtures were formulated as per the guidelines given in the EFNARC standards [41]. Out of
nine SCC mixtures, one mixture (FAOGWO) was prepared with only OPC binder named as OPC based
control mixture, and one mixture (FA30GWO0) was prepared by integrating cement and fly ash at a
level of 70% and 30%, respectively, named as fly ash blended control mixture. While remaining
mixtures, which are fly ash blended, were formulated by replacing fine aggregate with GW at varying
amounts of 20%, 25%, 30%, 35%, 40%, 50%, and 60%. Details of developed SCC mixtures and their
mixture IDs are presented in Table 3. A high-range water reducer superplasticizer (SP) of Glenium
Sky 8777 (polycarboxylate ether based) was utilized. SP doses were varied to maintain the target
slump flow of 750+30mm. Water correction was applied to compensate for aggregates' water
absorption. Percentage voids, determined according to ASTM C642 » [42], are also depicted in Table
3.

Table 3. SCC mix proportions (Kg/m?3).

Mixture ID Cement FA Fine GW  Coarse Water! SP  Permeable  Compressive
aggregate aggregate dose voids (%) strength (MPa)®¢
FAOGW0®  548.53 - 968.35 - 698.17 20447 2.61 8.89 45.87
FA30GWO" 383.97 164.56 968.35 - 698.17 20447 082 8.62 38.83
FA30GW20¢ 383.97 164.56 774.68 193.67 698.17 211.23 0.77 848 41.70
FA30GW25¢ 383.97 164.56 726.26 242.09 698.17 21292 0.74 7.76 42.53
FA30GW30°¢ 383.97 164.56 677.85 290.51 698.17 21460 0.80 7.34 46.67
FA30GW35¢ 383.97 164.56 629.43 338.92 698.17 216.29 0.93 758 43.60
FA30GW40°¢ 383.97 164.56 581.01 38734 698.17 21798 1.04 792 39.10
FA30GW50¢ 383.97 164.56 484.18 48418 698.17 22136 121 8.46 35.90
FA30GWG60¢ 383.97 164.56 387.34 581.01 698.17 22474 170 8.91 32.63

OPC-based control mixture (without FA and GW).

FA blended control mixture (without GW).

FA blended mixtures (with 20%-60% GW).

Effective water was 191.99kg/m3 for each mix.

28 days water cured compressive strength (before exposure to fire).
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2.3. Testing procedure

Fresh characteristics tests for all the developed SCC fulfilled the approval criteria for satisfactory SCC
as suggested by EFNARC standards [41]. Outcomes for fresh characteristics tests in detail are reported
in earlier study [35].

The real fire attack was determined using gas regulated furnace (fitted with K type thermocouple for
recording the inner temperature) as presented in Fig. 4. The furnace was designed to maintain the
inside temperature as per the ISO 834 guidelines [43]. A digital meter connected to the furnace was
utilized to record the temperature reading during exposure. The furnace chamber had a dimension of
520x520x1050mm. Compressive strength, water absorption, and UPV tests were performed on
100mm cubes to determine the fire performance, according to BIS 516 [44], ASTM C642 » [42], and

Download: Download high-res image (665KB)

Download: Download full-size image

Fig. 4. Fire attack test apparatus.

Specimens were initially water cured for 28 days. The samples were kept in an oven at a temperature
of 60+5°C until the constant weight was achieved. The samples were then put in the furnace for
exposure to varying elevated temperatures of 200+£10°C, 400+10°C, 600+10°C, and 800+10°C
followed by cooling of specimens for one day at room temperature (27+2°C). The change in weight,
compressive strength, water absorption, and UPV values were noted after being subjected to desired
elevated temperature, and an average of three specimens was reported. These noted values were
then compared with their initial values observed at room temperature. Besides, advanced FTIR
analysis was performed on the powder samples (passed from 90um sieve) to determine the
modification in chemical behaviour of developed specimens after being subjected to fire attack.
Powder sample was collected from the mid location of each sample.

3. Results and discussion

3.1. Weight loss

The percentage gain and loss in weight for each mixture exposure to fire as compared to that of their
original weight (taken at room temperature) are presented in Fig. 5. All the mixture showed a loss in
weight with the increase in temperature might be due the loss of water on exposure to fire. At up to
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400°C temperature, the weight loss was due to the evaporation of capillary water followed by

adsorbed and interlayer water. Whereas beyond 400°C temperature, weight loss was due to the
evaporation of chemically combined water and disintegration of cement hydrate products [9].

Change in weight (%)
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Fig. 5. Change in weight for SCC mixture exposed to varying temperatures.

When compared to that of FA blended SCC with no GW (FA30GWO0 mixture), the loss in weight was
found slightly lower in fly ash blended SCC containing GW except FA30GW60 mixture. This might be
due the lower expulsion of water associated to the superior GW aggregate-cement paste bonding
[30,35]. Sudarshan and Vyas [18] found about 6% weight loss, on exposure to fire attack at up to
800°C temperature, for the substitution of about 70% coarse aggregate by marble waste in NCC.
Whereas in this study, weight reduced by 6% for substitution of about 60% fine aggregate by GW in
SCC on exposure to fire at up to 800°C temperature. Besides, the lowest weight loss was observed
around 4% for FA30GW30 mixture. This might be due to the lower trapping of water during mixing
within the SCC mixture containing up to 35% GW [31].

Compared to OPC based control SCC made without FA and GW (FAOGWO0 mixture), all the FA blended
SCC made with and without GW exhibited lesser weight loss. This might be due to the lower
disintegration of cement hydrate products since FA blended SCC exhibited a lower amount of
portlandite and CSH gel. It has been reported by Peng and Huang [6] that disintegration of
portlandite and CSH gel as similar to a loss of water on exposure to fire is equally responsible for the
mass loss of cement composite matrix. AzariJafari et al. [5] also observed the lesser weight loss for FA

blended SCC than control concrete with no FA.

3.2. Compressive strength

The percentage gain and loss in compressive strength for each mixture exposure to fire than their
original compressive strength (taken at room temperature) is depicted in Fig. 6. All SCC mixtures
revealed a gain in strength at 200°C temperature but a loss in compressive strength was seen with
rise in temperature beyond 200°C. The increase in compressive strength at 200°C temperature may
be due to the reduction of un-hydrated phases, causing the improvement of concrete microstructure
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[9,46]. The release of water on exposure to fire partially improves the strength by moving cement gel
films near each other owing to increasing Van-der Waal forces [23,24]. However, on increasing the
temperature beyond 200°C, the loss of compressive strength could occur due to the physical and
chemical alterations, thermal incompatibility between aggregate and cement paste, pore pressure
effect, and disintegration of cement hydrates [7,19].
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Fig. 6. Change in compressive strength for SCC mixture exposed to varying temperatures.

At 200°C temperature, the FA blended SCC containing GW showed a higher gain in strength than
FA30GWO0. While, on increasing the temperature beyond 200°C, FA blended SCC containing GW
showed a lower loss in strength than the FA30GWO0 mixture. Superior aggregate-paste bonding might
have moderated the volumetric expansion caused by thermal variation between concrete ingredients
[47]. The presence of slightly higher or comparable hydration products in FA blended SCC made with
GW might have provided better resistance against fire for those mixtures than that of the FA30GWO0
mixture. The literature has reported that GW burning improves its pozzolanic activity [48,49], which
may be causing enhanced compressive strength for FA blended SCC made with GW. The
comparatively better firmness of GW against fire than the fine aggregate (Fig. 3) also imparted higher
resistance against fire for FA blended SCC made with GW.

Several researchers saw similar changes on exposure to fire for the inclusion of various stone wastes
in cement composites. Thomas and Harilal [22] found about 32% compressive strength loss for
employing cold bonded quarry dust aggregate in NCC as a coarse aggregate at 400°C temperature.
Tiwari et al. [19] found about 52% compressive strength loss for employing marble waste and foundry
waste in NCC as cement and sand at 1000°C temperature, respectively. Sudarshan and Vyas [18]
reported that the compressive strength of marble-based NCC was reduced by up to 45% on subjecting
to fire at up to 800°C temperature. In this study, the compressive strength of SCC containing 30% GW
(FA30GW30 mixture) reduced by 22% on exposed to fire at up to 800°C temperature.

When compared to FAOGWO, all the FA blended SCC showed higher compressive strength against
elevated temperature. This might be due to the lower availability of portlandite (Ca(OH),) in FA
blended SCC. It has been reported that the disintegration of Ca(OH) is one of the factors that cause
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the loss of strength on exposure to fire [46,50,51]. The development of auxiliary CSH gel in the
presence of pozzolanic materials might also provide better residual compressive strength on
exposure to fire [5,23,52]. AzariJafari et al. [5] also found a lower strength loss for FA blended SCC
than control mix without FA.

3.3. Ultra-sonic pulse velocity (UPV)

This test evaluates the concrete quality and helps assess the durability of concrete according to BIS
13311 [45]. The concrete quality will be excellent, good, medium, and doubtful if the UPV values are
in the range of >4.5km/s, 3.5-4.5km/s, 3.0-3.5km/s, and <3.0km/s, respectively. The higher the UPV
values, the better will be the concrete quality.

The UPV values for each mixture exposed to varying temperatures are depicted in Fig. 7. All SCC
mixtures showed an increment in UPV at 200°C temperature; however, a decrement in UPV was seen
with the rise in temperature beyond 200°C. Up to 600°C temperature, concrete quality for all the
concrete mixtures (except FAOGWO mixture) was found to be better than medium concrete quality
grading as per BIS 13311 [45].
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Fig. 7. UPV values for SCC mixture exposed to varying temperatures.

Compared to the FA30GWO0 mixture, all the FA blended SCC containing GW showed higher UPV at
each particular temperature. The higher UPV values for FA blended SCC containing GW might be due
to the lesser micro-cracks formations associated with superior GW aggregate-paste bonding and
slightly superior hydration products [35]. The higher UPV values indicated a better quality against
elevated temperature for FA blended SCC containing GW than FA30GWO, thereby enhancing
compressive strength for FA blended SCC containing GW. The results of UPV for the FA blended SCC
containing GW mixture corroborate the outcome of compressive strength test results on exposure to
fire. The better UPV on exposure to fire was also observed by Sudarshan and Vyas [18] for marble-
based NCC, for the inclusion of the marble waste aggregate in NCC as a coarse aggregate.
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Compared to FAOGWO, all the FA blended SCC showed higher UPV values at each particular
temperature. It has been earlier reported by Bui et al. [16] and AzariJafari et al. [5] that incorporation
of pozzolanic substance (for instance, FA in this study) reduce the formation of micro-cracks and
capillary pores, thereby providing better UPV values for all the FA blended SCC mixtures.

3.4. Water absorption

This test indirectly evaluates the internal pore network and permeability of the concrete matrix. The

percentage gain and loss in water absorption for each mixture exposure to fire as compared to that of
their initial water absorption (taken at room temperature) are depicted in Fig. 8. All the samples
showed a loss in water absorption at 200°C temperature. In contrast, the gain in water absorption
was observed on increasing the temperature beyond 200°C. The higher loss in water absorption (at
200°C temperature) and lower gain in water absorption (beyond 200°C) for a concrete matrix
compared to other mixtures generally indicates a lesser pore network and lesser permeability. Thus,
in this study, the increase in voids can be confirmed by the gain in water absorption with the
increment of temperature, which caused the dwindling of aggregate-cement paste bonding, thereby
causing the loss of compressive strength. Further, the gain in water absorption increased by about
three times at the temperature beyond 400°C (Fig. 8), indicating the rapid decline in the quality of all
mixtures. Tiwari et al. [19] also observed a rapid decrease in the quality of NCC containing marble
waste and foundry waste at a temperature beyond 400°C.
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Fig. 8. Change in water absorption for SCC mixture exposed to varying temperatures.

When compared to the FA30GWO0 mixture, all the FA blended SCC containing GW showed a higher
loss in water absorption (at 200°C) and lower gain in water absorption (at 400°C, 600°C and 800°C).
The better resistance against water absorption for FA blended SCC containing GW might be due to the
lesser micro-cracks formations associated with superior GW aggregate-paste bonding [35]. These
results indicated better stability and lesser permeability for FA blended SCC containing GW than
FA30GWO0 mixture, confirming the better compressive strength for those mixtures subjected to fire.
Sudarshan and Vyas [18] found better resistance against water absorption for marble-based NCC
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when exposed to fire and Tiwari et al. [19] also observed lower water absorption for NCC containing
marble waste and foundry waste when exposed to fire.

Compared to that of FAOGWO mixture, all FA blended SCC (made with and without GW) showed
better resistance against water absorption (i.e. higher loss of water absorption at 200°C temperature
and lower gain in water absorption beyond 200°C temperature) at each particular temperature.
These results indicated the lower porosity of all FA blended SCC (made with and without GW) than
FAOGWO0 mixture, which confirms the better compressive strength for those mixtures.

3.5. FTIR

FTIR analysis shows the absorbance bands of molecular groups at varied wavelengths (presented in
Table 4). FAOGWO, FA30GWO0, FA30GW30, and FA30GW60 mixtures were selected for FTIR analysis,
and results for these mixes are displayed in Fig. 9(a-d), respectively. The variations in hydrated
phases of SCC mixes, after exposure to 800°C of temperature, were compared with mixtures of
normal temperature (27°C).

Table 4. Wave number for distinct molecular group in FTIR analysis [61].

Molecular group Wave number (cm™1) Reference
Portlandite (O-H) 3646 [53,62]
Calcium silicate hydrate (Si-O) 996, 1005 [63,64]
Quartz (Si-0-Si) 450-650, 778 [64,65]
Calcium carbonate (C-0) 882, 1422 [66,67]
Methyl and methylene (CH,/CH3) 2850-2925 [68]
Water (O-H) 1646, 3444 [67]
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Fig. 9. FTIR analysis results for SCC mixes (a) FAOGWO, (b) FA30GWO, (c) FA30GW30, (d) FA30GW6O.

Significant variations were found in portlandite (Ca(OH),), calcium carbonate (CaCO3), and CSH
bands after being subjected to fire. The observed wave number for these bands are listed in Table 5. A

Change in the wave number to a lower position implies the weakening of molecular groups [53,54].
Fig. 9(a-d) and Table 5 indicate that portlandite, CaCO3 and CSH bands shifted to the lower side after
being subjected to fire, which was the reason for weight loss and compressive strength loss of fire-

exposed mixtures.

Table 5. FTIR Wave number (cm™!) of portlandite, CaCO3 and CSH for selected mixtures.

Mixture no. (exposure condition)

Molecular group

Portlandite (O-H) CSH (Si-O) Calcium carbonate (C-0)
FAOGWO (27°C normal temperature) 3650 1002 1422
FAOGWO (800°C elevated temperature) 3615 961 1401
FA30GWO0 (27°C normal temperature) 3634 994 1424
FA30GWO (800°C elevated temperature) 3617 970 1407
FA30GW30 (27°C normal temperature) 3630 999 1426
FA30GW30 (800°C elevated temperature) 3620 991 1407
FA30GWG60 (27°C normal temperature) 3569 991 1424
FA30GWG60 (800°C elevated temperature) 3634 978 1404
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The fire-exposed FA30GWO, FA30GW30, and FA30GW60 mixtures showed 17, 10, and 7cm™! shifting
of Ca(OH); bands than corresponding unexposed mixes, respectively. Likewise, fire-exposed
FA30GWO0, FA30GW30, and FA30GW60 mixtures showed 24, 8, and 13cm™! shifting of the CSH bands
than the corresponding unexposed mixes, respectively. The relatively lower shifting of the
portlandite and CSH bands for FA30GW30 and FA30GW60 mixtures than FA30GWO0 mixture confirms
the lower weight loss and compressive strength loss for those mixtures.

Moreover, the fire-exposed FAOGWO mixture showed 35cm™ and 41cm™! shifting of portlandite and
CSH bands than the corresponding unexposed mixtures. The relatively higher shifting of portlandite
and CSH bands caused the lowest compressive strength for the FAOGWO0 mix than all the FA blended
mixtures.

3.6. Sustainability analysis

Experimental results show that using GW as fine aggregates can improve the fire performance of FA
blended SCC. To promote the field utilization of GW, a detailed sustainability analysis has been
carried out by including economic and environmental parameters. The sustainability assessment of
GW has been carried out in three parts, i.e., normalization, sustainability assessment of developed
materials, and recommendations for field translations.

Normalization is done by adopting a suitable correction factor based on the compressive strength of
all concrete mixes. It is assumed that additional concrete will be used during construction to
compensate for the reduced compressive strength and vice versa. Furthermore, the usage of the
additional construction material will increase the dead load, which will increase the requirement of
concrete. Mahzuz et al. [55] showed that for up to 20-story concrete structures, the increase in dead
load is less than 10% for less than 50% reduction in strength. It can be said that if the strength of
concrete reduces then additional concrete will be required to meet the structural requirements [55].
It was reported by Mahzuz et al. [55] that there is a 5% and 10% increase in concrete requirement for a
maximum 20% and 50% reduction in strength, respectively. Therefore, conservative dead load
corrections of 1.00, 1.05, and 1.10 have been adopted in case of strength increase, decrease up to 20%,
and decrease between 20% and 50%, respectively. The correction factor is determined using the ratio
of compressive strength of the given concrete mix and dead load correction, as shown in Eq. (1).
Highest correction factor for a given mix is used to ensure that all concrete mixes meet the
performance of control concrete (FAOGWO) at each and every exposure temperature. The correction
factor for normalization is then used for subsequent sustainability analysis.

correction factor = mazx ({% x fpr : T = 27,200, 400, 600, 800}) eql

Here, CS — compressive strength of given mix.

CS’ — compressive strength.
of control mix

_ CSatT°C
=100V oo g = 1.00

fpr — dead load correction factor { = 1.05V% > 0.80.

_ CSat T°C
= 1.10vE5 L0 > 50
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The sustainability assessment of given mixes has been carried out regarding economic and

environmental costs. For the third dimension of sustainability, it is assumed that waste utilization

improves the social aspect of GW incorporated SCC mixes; hence, a separate analysis has not been

carried out. The individual costs of raw materials used for economic and environmental assessment

is shown in Table 6. The economic costs have been adopted per the prevailing market rates in

Rajasthan (India) and may vary with time and location. The equivalent carbon cost and embodied

energy have been adopted from the literature [[56], [57], [58]]. In the initial analysis, transportation

costs (for 5km) have been included for GW, as the material is currently a waste [59,60]. The economic

and environmental costs of GW incorporated SCC mixes after normalization for fire performance

have been shown in Table 7.

Table 6. Cost factor of different raw materials.

Cost factor Cement FA Fine aggregate GW Coarse aggregate Water SP dose
Economic (INR/kg) 6.50 1.50 1.50 0.14 100 0.05 150.00
Environmental

Embodied energy (M]/kg) 4.80 0.10 0.081 0.38 0.083 0.20 11.50
Eq. CO, emission (kgCO5e/kg)  0.93 0.004 0.0051 0.01 0.0048 0.0008 0.60

Table 7. Normalized economic and environmental cost for GW and FA incorporated SCC.

Mixture  Actual material costs Correction Normalized material cost
b Economic Embodied Eq.CO, factor Economic Embodied Eq.CO,
(INR/m3)  energy emission (INR/m3)  energy emission
(MJ/m?) (kgCO,e/m?) (MJ/m?) (kgCO,e/m?)

FAOGWO 6117.86 2840.24 520.15 1.00 6117.86 2840.24 520.15
FA30GWO 5026.56 2046.22 366.70 1.24 6232.94 253731 454.70
FA30GW20 4756.01 2104.90 367.62 1.15 5469.41 2420.64 422.76
FA30GW25 4685.74 2119.38 367.84 113 5294.89 2394.89 415.66
FA30GW30 4628.99 2134.88 368.12 0.98 4536.41 2092.18 360.75
FA30GW35 4582.72 215119 368.43 1.10 5041.00 2366.31 405.28
FA30GW40 4533.46 2167.27 368.74 1.23 5576.15 2665.74 453.55
FA30GW50 442744 2198.85 369.32 1.41 6242.69 3100.38 520.74
FA30GW60 4369.40 223412 370.09 1.55 6772.58 3462.88 573.63

Table 7 shows that with up to 40% incorporation of GW, both environmental and economic costs of

SCC are reduced as compared to control concrete. On further incorporation of GW, the strength of

SCC decreased, which increased the economic and environmental costs at 50% and 60% incorporation

of GW, respectively. The results suggest that the use of GW up to 40% presents a sustainable solution
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under the given economic and environmental cost factors. The optimum composition of GW

utilization is at 30% (FA30GW30), which reduces the economic cost, embodied energy, and equivalent

CO, emission by 25.85%, 26.34%, and 30.64%, respectively.

Now consider the scenario of field translation; GW will also hold certain costs to account for

seigniorage, preparation charges, operational costs, and profit margins. The cost estimation for the

preparation of GW has been shown in Table 8. The present cost estimate is based on the adopted

technique for drying GW slurry, which is used to prepare GW as fine aggregates. The costs for GW are

demonstrated with and without transportation costs, as the same can change with the distance of

the construction site. It can be observed from the Table that in the adopted treatment methodology

(excluding transportation), economic cost, embodied energy, and equivalent CO, emission of GW are

2.64 INR/kg, 1.28 M]/kg, and 0.29 kgCO,e/kg, respectively. It should be noted that the adopted drying

technique significantly increased the energy demand for GW preparation, reducing the sustainability

benefits. Alternative drying technologies, like solar dryers, can be explored to lower non-renewable

energy usage and maximize the sustainability benefits of GW incorporation in fire-exposed concrete
structures. In the present method, alternative drying technologies can potentially reduce the costs of
GW (excluding transportation) to 0.50 INR/kg and eliminate carbon emissions and embodied energy.

Table 8. Raw material cost for present method of GW preparation.

Factor Analysis Costs
Seigniorage (A) o _ 0.10 INR/kg
» As per the recent seigniorage of INR 100 per ton of granite waste 0.00MJ/kg
adopted by another region of India (Tamil Nadu) 0.00
kgCO,e/kg
Transportation
(B) * 5km transportation, loading and unloading for 2000kg of GW 0.14 INR/kg
(aggregate) costs INR 277.96. This translates to 0.14 INR/kg up to
0.38M]/kg
5km.
. L . 0.01
* Fuel energy required for transportation is estimated as
. kgCO,e/kg
0.075M]/kg/km, which translates to 0.378 M]/kg for 5km.
e Carbon emission from transportation is estimated as 0.002
kgCO,e/kg/km, which translates to 0.010 kgCO,e/kg for 5km.
Preparation (C)
e Air drying of slurry for 24h 2.14 INR/kg
* Moisture level of slurry typically falls below 10%, or 0.1kg/per kg of 1.28M]J/kg
dry aggregate in open air drying
0.29
« Oven temperature at 105° C, room temperature at 27 ° C kgCO,e/kg

* Energy required (kJ/kg of moisture) = water

heating+vaporization+steam heating

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333
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Factor Analysis Costs
= (100 — 27) x 4.187 + 2250 + (105 — 100) x.
1.996 =2 2565.6
Moisture heating efficiency for hot air drying at 105 ° C, is adopted
as 0.20 based on the study by Urbano et al. [69]
Energy required for removing water (M]/kg of water)
= 2565.6,/0.20/1000 = 12.82.
Energy required for aggregate preparation at 10% moisture level
(MJ/kg of dry aggregate)=0.1 x 12.82=1.28 M]/kg
Electricity required=0.36kWh.
Cost of unit electricity adopted as INR 6.00/kWh and 0.82
kgCO,e/kWh
Cost for energy in form of electricity is INR 2.14/kg and 0.29
kgCO,e/kg
Operational (D)
Operational costs (labour, maintenance, etc.) are assumed at 0.20 0.40 INR/kg
INR/kg
0.00M]/kg
Earnings or profit is kept at 0.20 INR/kg margin of remaining costs
0.00
kgCO,e/kg
Costs other than transportation (E=A+C+D) 2.64 INR/kg
1.28M]/kg
0.29
kgCO,e/kg
Total (B+E) 2.78 INR/kg
1.66M]J/kg
0.30
kgCO,e/kg

The GW preparation costs (with 5km transportation) are used for determining the normalized

material cost of 30% GW incorporation of SCC concrete, as shown in Table 9. Results show that the

developed concrete mix FA30GW30 still presents a sustainable solution over control concrete.
FA30GW30 shows 13.56%, 13.51%, and 14.77% reductions in economic cost, embodied energy, and
equivalent CO, emission, respect ively. Fig. 10 compares the relative costs and fire performance of
FAOGWO and FA30GW30. It can be observed that the fire performance of FA30GW30 improves at
higher exposure temperature and increase the gains from GW incorporation. The minimum

sustainability gain is at ambient temperature, which can still justify the application of GW waste.
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Table 9. Normalized material cost for the adopted drying technique at 30% GW incorporation of SCC.

Mixture ID Normalized material costs in field Comparison with control concrete
(% of control)
Economic  Embodied Eq. CO, emission Economic Embodied Eq.CO,
(INR/m3) energy (kgCO,e/m?3) energy emission
(MJ/m?)
FAOGWO 6117.86 2840.24 520.15 - - -
FA30GW30 5288.02 2456.60 443.32 86.44 86.49 85.23
4FA30GW30 (with 4678.76 2092.18 360.75 76.48 73.66 69.36

alternative drying)

aFA30GW30 (for 5429.36 2840.23 453.41 88.75 100.00 87.17
22.73km of

transportation)
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Fig. 10. Improvement in fire performance of FA30GW30.

Table 9 presents two unique scenarios of analysis. The first scenario shows alternative drying
technologies to eliminate the need for energy-based drying. This may also be achieved by accounting
for the excess moisture of GW in the mix design of SCC. In this scenario, the economic cost, embodied
energy, and equivalent CO, emission can be reduced by 23.52%, 26.34%, and 30.64%, respectively. The
adopted drying method is considered in the second scenario, with a change in transportation
distance. For a transportation distance of 22.73km, the GW incorporated SCC shows the same carbon
emission as control concrete, while economic costs and embodied energy are lower. The second
scenario suggests that carbon emission becomes the limiting factor for long-distance applications of
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GW. Study shows that up to 22.73km from the GW source, the developed concrete mix FA30GW30
will remain a sustainable solution.

4. Conclusions

This study determines the real fire attack performance of FA blended SCC, including GW as a fine
aggregate substitute. Based on the experimental analysis, the following inferences can be drawn:

* Loss in weight and compressive strength were found to be less for FA blended SCC
containing GW than FA blended SCC with no GW (FA30GWO0 mixture) after exposure
to fire. Whereas all the FA blended SCC made with and without GW also exhibited less
weight loss and compressive strength loss than the OPC based control SCC with no FA
and GW (FAOGWO0 mixture).

» All the FA blended SCC containing GW exhibited higher ultrasonic pulse velocity
(UPV) on exposure to fire when compared to that of the FA30GWO mixture. FA
blended SCC made with and without GW also exhibited higher UPV than the FAOGWO0
mixture.

» All the FA blended SCC containing GW exhibited better water absorption resistance on
fire exposure than the FA30GWO mixture. FA blended SCC made with and without GW
also showed better endurance to water absorption than the FAOGWO0 mixture.

* UPV and water absorption results revealed superior quality and lesser permeability
against elevated temperature for FA blended SCC containing GW.

» Superior GW aggregate and cement paste bonding, higher firmness of GW against fire
than natural fine aggregate, and lower dissolution of hydration products caused a

better resistance to fire for FA blended SCC containing GW.

» Sustainability analysis results suggest that the use of GW up to 40% presents a
sustainable solution under the given economic and environmental cost factors. The
optimum composition of GW utilization is at 30% (FA30GW30), which reduces the
economic cost, embodied energy, and equivalent CO, emission by 829.84 INR
(13.56%), 383.64M] (13.51%) and 76.84 kgCO,. (14.77%) per cubic meter of concrete,
respectively.

* Overall, test results revealed that FA blended SCC containing GW (up to 60%) exhibits
better post-fire properties, with optimum mechanical and durability properties at
30%. This study concluded that up to 40% GW, as a replacement to fine aggregate,
could be positively incorporated in the production of FA blended SCC, where failure
due to fire is a problem.

CRediT authorship contribution statement

Abhishek Jain: Conceptualization, Methodology, Writing - original draft, Investigation, Data
curation, Visualization. Rajesh Gupta: Supervision, Writing - review & editing, Project

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 20/30


https://www.sciencedirect.com/topics/engineering/waste-source
https://www.sciencedirect.com/topics/materials-science/cement-paste
https://www.sciencedirect.com/topics/engineering/natural-fine-aggregate
https://www.sciencedirect.com/topics/engineering/hydration-product
https://www.sciencedirect.com/topics/engineering/cubic-metre

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...
administration. Sanchit Gupta: Writing - original draft, Data curation. Sandeep Chaudhary:
Supervision, Writing - review & editing, Project administration.

Declaration of competing interest

The authors declare that they have no conflict of interest.

Acknowledgement

The authors acknowledge the MNIT Jaipur, IIT Indore & IIT Kanpur for microstructural
characterization of raw materials & concrete.

Recommended articles

Data availability

Data will be made available on request.

References

[1] A. Baradaran-Nasiri, M. Nematzadeh
The effect of elevated temperatures on the mechanical properties of concrete with
fine recycled refractory brick aggregate and aluminate cement
Construct. Build. Mater., 147 (2017), pp. 865-875

View PDF  View article  View in Scopus 2 Google Scholar

2] G. Mohamedbhai
Effect of exposure time and rates of heating and cooling on residual strength of
heated concrete
Mag. Concr. Res., 38 (136) (1986), pp. 151-158

Crossref 2 View in Scopus »  Google Scholar

3] LT. Phan, L. Phan
Fire Performance of High-Strength Concrete: A Report of the State-Of-The Art

US Department of Commerce, Technology Administration, National Institute of Standards and

Technology, Office of Applied Economics, Building and Fire Research Laboratory (1996)

Google Scholar 2

[4] S. Hachemi, A. Ounis
Performance of concrete containing crushed brick aggregate exposed to different
fire temperatures
European Journal of Environmental and Civil Engineering, 19 (7) (2014), pp. 805-824

Google Scholar 2

[5] H. AzariJafari, M.J. Taheri Amiri, A. Ashrafian, H. Rasekh, M.J. Barforooshi, ]. Berenjian
Ternary blended cement: an eco-friendly alternative to improve resistivity of high-
performance self-consolidating concrete against elevated temperature

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 21/30


https://www.sciencedirect.com/science/article/pii/S0950061817308024
https://www.scopus.com/inward/record.url?eid=2-s2.0-85019115422&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85019115422&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=The%20effect%20of%20elevated%20temperatures%20on%20the%20mechanical%20properties%20of%20concrete%20with%20fine%20recycled%20refractory%20brick%20aggregate%20and%20aluminate%20cement&publication_year=2017&author=A.%20Baradaran-Nasiri&author=M.%20Nematzadeh
https://scholar.google.com/scholar_lookup?title=The%20effect%20of%20elevated%20temperatures%20on%20the%20mechanical%20properties%20of%20concrete%20with%20fine%20recycled%20refractory%20brick%20aggregate%20and%20aluminate%20cement&publication_year=2017&author=A.%20Baradaran-Nasiri&author=M.%20Nematzadeh
https://www.sciencedirect.com/science/article/pii/S0950061817308024/pdfft?md5=41d1b7a511cc76698e5ff7783dd804b8&pid=1-s2.0-S0950061817308024-main.pdf
https://doi.org/10.1680/macr.1986.38.136.151
https://doi.org/10.1680/macr.1986.38.136.151
https://www.scopus.com/inward/record.url?eid=2-s2.0-0022779406&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0022779406&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Effect%20of%20exposure%20time%20and%20rates%20of%20heating%20and%20cooling%20on%20residual%20strength%20of%20heated%20concrete&publication_year=1986&author=G.%20Mohamedbhai
https://scholar.google.com/scholar_lookup?title=Effect%20of%20exposure%20time%20and%20rates%20of%20heating%20and%20cooling%20on%20residual%20strength%20of%20heated%20concrete&publication_year=1986&author=G.%20Mohamedbhai
https://scholar.google.com/scholar_lookup?title=Fire%20Performance%20of%20High-Strength%20Concrete%3A%20A%20Report%20of%20the%20State-Of-The%20Art&publication_year=1996&author=L.T.%20Phan&author=L.%20Phan
https://scholar.google.com/scholar_lookup?title=Fire%20Performance%20of%20High-Strength%20Concrete%3A%20A%20Report%20of%20the%20State-Of-The%20Art&publication_year=1996&author=L.T.%20Phan&author=L.%20Phan
https://scholar.google.com/scholar_lookup?title=Performance%20of%20concrete%20containing%20crushed%20brick%20aggregate%20exposed%20to%20different%20fire%20temperatures&publication_year=2014&author=S.%20Hachemi&author=A.%20Ounis
https://scholar.google.com/scholar_lookup?title=Performance%20of%20concrete%20containing%20crushed%20brick%20aggregate%20exposed%20to%20different%20fire%20temperatures&publication_year=2014&author=S.%20Hachemi&author=A.%20Ounis

12/21/24, 10:20 AM

[6]

[7]

[8]

[°]

[10]

[11]

[12]

[13]

[14]

J. Clean. Prod., 223 (2019), pp. 575-586

View PDF  View article  View in Scopus 2 Google Scholar
G.-F. Peng, Z.-S. Huang
Change in microstructure of hardened cement paste subjected to elevated

temperatures
Construct. Build. Mater., 22 (4) (2008), pp. 593-599
View PDF  View article  View in Scopus 2 Google Scholar

N.Anand, A. G.I, P.A.G

Influence of mineral admixtures on mechanical properties of self-compacting
concrete under elevated temperature

Fire Mater., 40 (7) (2016), pp. 940-958

View in Scopus 2 Google Scholar

Y.F. Chang, Y.H. Chen, M.S. Sheu, G.C. Yao
Residual stress—strain relationship for concrete after exposure to high temperatures
Cement Concr. Res., 36 (10) (2006), pp. 1999-2005

View PDF  View article  View in Scopus 2 Google Scholar »

A. Nadeem, S.A. Memon, T.Y. Lo

The performance of Fly ash and Metakaolin concrete at elevated temperatures
Construct. Build. Mater., 62 (2014), pp. 67-76

View PDF  View article  View in Scopus 2 Google Scholar

M.A. Keerio, A. Saand, A. Kumar, N. Bheel, K. Ali
Effect of local metakaolin developed from natural material soorh and coal bottom

ash on fresh, hardened properties and embodied carbon of self-compacting concrete
Environ. Sci. Pollut. Control Ser., 28 (42) (2021), pp. 60000-60018

Crossref 2 View in Scopus »  Google Scholar 2

H. Zhao, W. Sun, X. Wu, B. Gao

Sustainable self-compacting concrete containing high-amount industrial by-product
fly ash as supplementary cementitious materials

Environ. Sci. Pollut. Control Ser., 29 (3) (2022), pp. 3616-3628

Crossref 2 View in Scopus 2 Google Scholar

H. Okamura, K. Ozawa, M. Ouchi
Self-compacting Concrete, 1, Structural Concrete London Thomas Telford Limited (2000), pp. 3-18

Crossref 2 Google Scholar »

F. Aslani, ]. Kelin
Assessment and development of high-performance fibre-reinforced lightweight

self-compacting concrete including recycled crumb rubber aggregates exposed to

elevated temperatures
J. Clean. Prod., 200 (2018), pp. 1009-1025

View PDF  View article  View in Scopus 2 Google Scholar

A. Benli

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333

Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

22/30


https://www.sciencedirect.com/science/article/pii/S0959652619307437
https://www.scopus.com/inward/record.url?eid=2-s2.0-85063347708&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85063347708&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Ternary%20blended%20cement%3A%20an%20eco-friendly%20alternative%20to%20improve%20resistivity%20of%20high-performance%20self-consolidating%20concrete%20against%20elevated%20temperature&publication_year=2019&author=H.%20AzariJafari&author=M.J.%20Taheri%20Amiri&author=A.%20Ashrafian&author=H.%20Rasekh&author=M.J.%20Barforooshi&author=J.%20Berenjian
https://scholar.google.com/scholar_lookup?title=Ternary%20blended%20cement%3A%20an%20eco-friendly%20alternative%20to%20improve%20resistivity%20of%20high-performance%20self-consolidating%20concrete%20against%20elevated%20temperature&publication_year=2019&author=H.%20AzariJafari&author=M.J.%20Taheri%20Amiri&author=A.%20Ashrafian&author=H.%20Rasekh&author=M.J.%20Barforooshi&author=J.%20Berenjian
https://www.sciencedirect.com/science/article/pii/S0959652619307437/pdfft?md5=4469945709b876f6f1d5160b6979759e&pid=1-s2.0-S0959652619307437-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061806002984
https://www.scopus.com/inward/record.url?eid=2-s2.0-38749138861&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-38749138861&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Change%20in%20microstructure%20of%20hardened%20cement%20paste%20subjected%20to%20elevated%20temperatures&publication_year=2008&author=G.-F.%20Peng&author=Z.-S.%20Huang
https://scholar.google.com/scholar_lookup?title=Change%20in%20microstructure%20of%20hardened%20cement%20paste%20subjected%20to%20elevated%20temperatures&publication_year=2008&author=G.-F.%20Peng&author=Z.-S.%20Huang
https://www.sciencedirect.com/science/article/pii/S0950061806002984/pdfft?md5=c61d816c472f858fe4145267573955fd&pid=1-s2.0-S0950061806002984-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84957560156&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84957560156&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Influence%20of%20mineral%20admixtures%20on%20mechanical%20properties%20of%20self-compacting%20concrete%20under%20elevated%20temperature&publication_year=2016&author=N.%20Anand&author=A.%20G.I&author=P.%20A.G
https://scholar.google.com/scholar_lookup?title=Influence%20of%20mineral%20admixtures%20on%20mechanical%20properties%20of%20self-compacting%20concrete%20under%20elevated%20temperature&publication_year=2016&author=N.%20Anand&author=A.%20G.I&author=P.%20A.G
https://www.sciencedirect.com/science/article/pii/S0008884606001621
https://www.scopus.com/inward/record.url?eid=2-s2.0-33750022098&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-33750022098&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Residual%20stressstrain%20relationship%20for%20concrete%20after%20exposure%20to%20high%20temperatures&publication_year=2006&author=Y.F.%20Chang&author=Y.H.%20Chen&author=M.S.%20Sheu&author=G.C.%20Yao
https://scholar.google.com/scholar_lookup?title=Residual%20stressstrain%20relationship%20for%20concrete%20after%20exposure%20to%20high%20temperatures&publication_year=2006&author=Y.F.%20Chang&author=Y.H.%20Chen&author=M.S.%20Sheu&author=G.C.%20Yao
https://www.sciencedirect.com/science/article/pii/S0008884606001621/pdfft?md5=8aad0f575f9d0122b46910aade4600a2&pid=1-s2.0-S0008884606001621-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061814002360
https://www.scopus.com/inward/record.url?eid=2-s2.0-84905056331&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84905056331&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=The%20performance%20of%20Fly%20ash%20and%20Metakaolin%20concrete%20at%20elevated%20temperatures&publication_year=2014&author=A.%20Nadeem&author=S.A.%20Memon&author=T.Y.%20Lo
https://scholar.google.com/scholar_lookup?title=The%20performance%20of%20Fly%20ash%20and%20Metakaolin%20concrete%20at%20elevated%20temperatures&publication_year=2014&author=A.%20Nadeem&author=S.A.%20Memon&author=T.Y.%20Lo
https://www.sciencedirect.com/science/article/pii/S0950061814002360/pdfft?md5=788e3b5e7b92509305e13ba6e9ccc746&pid=1-s2.0-S0950061814002360-main.pdf
https://doi.org/10.1007/s11356-021-14960-w
https://doi.org/10.1007/s11356-021-14960-w
https://www.scopus.com/inward/record.url?eid=2-s2.0-85108575191&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85108575191&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Effect%20of%20local%20metakaolin%20developed%20from%20natural%20material%20soorh%20and%20coal%20bottom%20ash%20on%20fresh%2C%20hardened%20properties%20and%20embodied%20carbon%20of%20self-compacting%20concrete&publication_year=2021&author=M.A.%20Keerio&author=A.%20Saand&author=A.%20Kumar&author=N.%20Bheel&author=K.%20Ali
https://scholar.google.com/scholar_lookup?title=Effect%20of%20local%20metakaolin%20developed%20from%20natural%20material%20soorh%20and%20coal%20bottom%20ash%20on%20fresh%2C%20hardened%20properties%20and%20embodied%20carbon%20of%20self-compacting%20concrete&publication_year=2021&author=M.A.%20Keerio&author=A.%20Saand&author=A.%20Kumar&author=N.%20Bheel&author=K.%20Ali
https://doi.org/10.1007/s11356-021-15883-2
https://doi.org/10.1007/s11356-021-15883-2
https://www.scopus.com/inward/record.url?eid=2-s2.0-85112562429&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85112562429&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Sustainable%20self-compacting%20concrete%20containing%20high-amount%20industrial%20by-product%20fly%20ash%20as%20supplementary%20cementitious%20materials&publication_year=2022&author=H.%20Zhao&author=W.%20Sun&author=X.%20Wu&author=B.%20Gao
https://scholar.google.com/scholar_lookup?title=Sustainable%20self-compacting%20concrete%20containing%20high-amount%20industrial%20by-product%20fly%20ash%20as%20supplementary%20cementitious%20materials&publication_year=2022&author=H.%20Zhao&author=W.%20Sun&author=X.%20Wu&author=B.%20Gao
https://doi.org/10.1680/stco.2000.1.1.3
https://doi.org/10.1680/stco.2000.1.1.3
https://scholar.google.com/scholar?q=H.%20Okamura%2C%20K.%20Ozawa%2C%20M.%20Ouchi%2C%20Self-compacting%20concrete%2C%20Structural%20Concrete%20London%20Thomas%20Telford%20Limited%20(1)%20(2000)%203-18.
https://scholar.google.com/scholar?q=H.%20Okamura%2C%20K.%20Ozawa%2C%20M.%20Ouchi%2C%20Self-compacting%20concrete%2C%20Structural%20Concrete%20London%20Thomas%20Telford%20Limited%20(1)%20(2000)%203-18.
https://www.sciencedirect.com/science/article/pii/S0959652618323187
https://www.scopus.com/inward/record.url?eid=2-s2.0-85053129912&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85053129912&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Assessment%20and%20development%20of%20high-performance%20fibre-reinforced%20lightweight%20self-compacting%20concrete%20including%20recycled%20crumb%20rubber%20aggregates%20exposed%20to%20elevated%20temperatures&publication_year=2018&author=F.%20Aslani&author=J.%20Kelin
https://scholar.google.com/scholar_lookup?title=Assessment%20and%20development%20of%20high-performance%20fibre-reinforced%20lightweight%20self-compacting%20concrete%20including%20recycled%20crumb%20rubber%20aggregates%20exposed%20to%20elevated%20temperatures&publication_year=2018&author=F.%20Aslani&author=J.%20Kelin
https://www.sciencedirect.com/science/article/pii/S0959652618323187/pdfft?md5=1cce03c9c7b7f953a9eca2da62151394&pid=1-s2.0-S0959652618323187-main.pdf

12/21/24, 10:20 AM
Mechanical and durability properties of self-compacting mortars containing binary

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and ternary mixes of fly ash and silica fume
Struct. Concr., 20 (3) (2019), pp. 1096-1108

Crossref 2 View in Scopus 2 Google Scholar 2

Z.Dong, Q. Sun, W. Zhang

Thermal and physical properties of concrete containing glass after cooling in
different paths

Struct. Concr., 21 (3) (2019), pp. 1071-1081

Crossref 2 Google Scholar »

N.K. Bui, T. Satomi, H. Takahashi
Effect of mineral admixtures on properties of recycled aggregate concrete at high

temperature
Construct. Build. Mater., 184 (2018), pp. 361-373

View PDF  View article  View in Scopus 2 Google Scholar »

D. Rajawat, S. Siddique, S. Shrivastava, S. Chaudhary, T. Gupta

Influence of fine ceramic aggregates on the residual properties of concrete subjected

to elevated temperature
Fire Mater., 42 (7) (2018), pp. 834-842

Crossref 2 View in Scopus »  Google Scholar »

D.K. Sudarshan, A. Vyas
Impact of fire on mechanical properties of concrete containing marble waste
Journal of King Saud University-Engineering Sciences, 31 (1) (2019), pp. 42-51

Google Scholar =

A.K. Tiwary, S. Singh, R. Kumar, J.S. Chohan, S. Sharma, J. Singh, C. Li, R.A. Ilyas, M.R.M. Asyraf, M.A.
Malik

Effects of elevated temperature on the residual behavior of concrete containing
marble dust and foundry sand

Materials, 15 (10) (2022)

Google Scholar 2

C.C. dos Santos, ].P.C. Rodrigues

Calcareous and granite aggregate concretes after fire

J. Build. Eng., 8 (2016), pp. 231-242

View PDF  View article  View in Scopus 2  Google Scholar »

P. Nuaklong, P. Worawatnalunart, P. Jongvivatsakul, S. Tangaramvong, T. Pothisiri, S. Likitlersuang
Pre- and post-fire mechanical performances of high calcium fly ash geopolymer

concrete containing granite waste
J. Build. Eng., 44 (2021), Article 103265

View PDF  View article  View in Scopus 2 Google Scholar

J. Thomas, B. Harilal

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333

Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

23/30


https://doi.org/10.1002/suco.201800302
https://doi.org/10.1002/suco.201800302
https://www.scopus.com/inward/record.url?eid=2-s2.0-85060073696&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85060073696&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20durability%20properties%20of%20selfcompacting%20mortars%20containing%20binary%20and%20ternary%20mixes%20of%20fly%20ash%20and%20silica%20fume&publication_year=2019&author=A.%20Benli
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20durability%20properties%20of%20selfcompacting%20mortars%20containing%20binary%20and%20ternary%20mixes%20of%20fly%20ash%20and%20silica%20fume&publication_year=2019&author=A.%20Benli
https://doi.org/10.1002/jso.25716
https://doi.org/10.1002/jso.25716
https://scholar.google.com/scholar_lookup?title=Thermal%20and%20physical%20properties%20of%20concrete%20containing%20glass%20after%20cooling%20in%20different%20paths&publication_year=2019&author=Z.%20Dong&author=Q.%20Sun&author=W.%20Zhang
https://scholar.google.com/scholar_lookup?title=Thermal%20and%20physical%20properties%20of%20concrete%20containing%20glass%20after%20cooling%20in%20different%20paths&publication_year=2019&author=Z.%20Dong&author=Q.%20Sun&author=W.%20Zhang
https://www.sciencedirect.com/science/article/pii/S0950061818316544
https://www.scopus.com/inward/record.url?eid=2-s2.0-85049442955&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85049442955&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Effect%20of%20mineral%20admixtures%20on%20properties%20of%20recycled%20aggregate%20concrete%20at%20high%20temperature&publication_year=2018&author=N.K.%20Bui&author=T.%20Satomi&author=H.%20Takahashi
https://scholar.google.com/scholar_lookup?title=Effect%20of%20mineral%20admixtures%20on%20properties%20of%20recycled%20aggregate%20concrete%20at%20high%20temperature&publication_year=2018&author=N.K.%20Bui&author=T.%20Satomi&author=H.%20Takahashi
https://www.sciencedirect.com/science/article/pii/S0950061818316544/pdfft?md5=1d2990d7cf271752190a7c158cc90c56&pid=1-s2.0-S0950061818316544-main.pdf
https://doi.org/10.1002/fam.2639
https://doi.org/10.1002/fam.2639
https://www.scopus.com/inward/record.url?eid=2-s2.0-85047735579&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85047735579&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Influence%20of%20fine%20ceramic%20aggregates%20on%20the%20residual%20properties%20of%20concrete%20subjected%20to%20elevated%20temperature&publication_year=2018&author=D.%20Rajawat&author=S.%20Siddique&author=S.%20Shrivastava&author=S.%20Chaudhary&author=T.%20Gupta
https://scholar.google.com/scholar_lookup?title=Influence%20of%20fine%20ceramic%20aggregates%20on%20the%20residual%20properties%20of%20concrete%20subjected%20to%20elevated%20temperature&publication_year=2018&author=D.%20Rajawat&author=S.%20Siddique&author=S.%20Shrivastava&author=S.%20Chaudhary&author=T.%20Gupta
https://scholar.google.com/scholar_lookup?title=Impact%20of%20fire%20on%20mechanical%20properties%20of%20concrete%20containing%20marble%20waste&publication_year=2019&author=D.K.%20Sudarshan&author=A.%20Vyas
https://scholar.google.com/scholar_lookup?title=Impact%20of%20fire%20on%20mechanical%20properties%20of%20concrete%20containing%20marble%20waste&publication_year=2019&author=D.K.%20Sudarshan&author=A.%20Vyas
https://scholar.google.com/scholar_lookup?title=Effects%20of%20elevated%20temperature%20on%20the%20residual%20behavior%20of%20concrete%20containing%20marble%20dust%20and%20foundry%20sand&publication_year=2022&author=A.K.%20Tiwary&author=S.%20Singh&author=R.%20Kumar&author=J.S.%20Chohan&author=S.%20Sharma&author=J.%20Singh&author=C.%20Li&author=R.A.%20Ilyas&author=M.R.M.%20Asyraf&author=M.A.%20Malik
https://scholar.google.com/scholar_lookup?title=Effects%20of%20elevated%20temperature%20on%20the%20residual%20behavior%20of%20concrete%20containing%20marble%20dust%20and%20foundry%20sand&publication_year=2022&author=A.K.%20Tiwary&author=S.%20Singh&author=R.%20Kumar&author=J.S.%20Chohan&author=S.%20Sharma&author=J.%20Singh&author=C.%20Li&author=R.A.%20Ilyas&author=M.R.M.%20Asyraf&author=M.A.%20Malik
https://www.sciencedirect.com/science/article/pii/S2352710216302091
https://www.scopus.com/inward/record.url?eid=2-s2.0-85028252935&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85028252935&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Calcareous%20and%20granite%20aggregate%20concretes%20after%20fire&publication_year=2016&author=C.C.%20dos%20Santos&author=J.P.C.%20Rodrigues
https://scholar.google.com/scholar_lookup?title=Calcareous%20and%20granite%20aggregate%20concretes%20after%20fire&publication_year=2016&author=C.C.%20dos%20Santos&author=J.P.C.%20Rodrigues
https://www.sciencedirect.com/science/article/pii/S2352710216302091/pdfft?md5=ec74f37fe3d809c241194ddaa5c4a358&pid=1-s2.0-S2352710216302091-main.pdf
https://www.sciencedirect.com/science/article/pii/S2352710221011232
https://www.scopus.com/inward/record.url?eid=2-s2.0-85121467691&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85121467691&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Pre-%20and%20post-fire%20mechanical%20performances%20of%20high%20calcium%20fly%20ash%20geopolymer%20concrete%20containing%20granite%20waste&publication_year=2021&author=P.%20Nuaklong&author=P.%20Worawatnalunart&author=P.%20Jongvivatsakul&author=S.%20Tangaramvong&author=T.%20Pothisiri&author=S.%20Likitlersuang
https://scholar.google.com/scholar_lookup?title=Pre-%20and%20post-fire%20mechanical%20performances%20of%20high%20calcium%20fly%20ash%20geopolymer%20concrete%20containing%20granite%20waste&publication_year=2021&author=P.%20Nuaklong&author=P.%20Worawatnalunart&author=P.%20Jongvivatsakul&author=S.%20Tangaramvong&author=T.%20Pothisiri&author=S.%20Likitlersuang
https://www.sciencedirect.com/science/article/pii/S2352710221011232/pdfft?md5=23f3bdc61a6a51e358821c5a5c257d90&pid=1-s2.0-S2352710221011232-main.pdf

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Mechanical properties of cold bonded quarry dust aggregate concrete subjected to
elevated temperature

Construct. Build. Mater., 125 (2016), pp. 724-730

View PDF  View article  View in Scopus 2 Google Scholar

Y. Xu, Y. Wong, C.S. Poon, M. Anson

Impact of high temperature on PFA concrete

Cement Concr. Res., 31 (7) (2001), pp. 1065-1073

View PDF  View article  View in Scopus 2  Google Scholar »

S. Aydin, B. Baradan

Effect of pumice and fly ash incorporation on high temperature resistance of cement
based mortars

Cement Concr. Res., 37 (6) (2007), pp. 988-995

View PDF  View article  View in Scopus 2 Google Scholar

WONSA
World Granite Production Data by World Natural Stone Association
(2014)

https://wonasa.com/en/reports.html 7, Accessed 18th Jun 2023

Google Scholar =

M. Vijayalakshmi, A. Sekar

Strength and durability properties of concrete made with granite industry waste
Construct. Build. Mater., 46 (2013), pp. 1-7

View PDF  View article  View in Scopus »  Google Scholar »

G. Medina, L.F. Saez del Bosque, M. Frias, M.L. Sanchez de Rojas, C. Medina

Mineralogical study of granite waste in a pozzolan/Ca(OH)2 system: influence of the
activation process

Appl. Clay Sci., 135 (2017), pp. 362-371

View PDF  View article  View in Scopus 2  Google Scholar »

K. Aarthi, K. Arunachalam

Durability studies on fibre reinforced self compacting concrete with sustainable
wastes

J. Clean. Prod., 174 (2018), pp. 247-255

View PDF  View article  View in Scopus 2 Google Scholar

S. Ghorbani, I. Tqji, J. De Brito, M. Negahban, S. Ghorbani, M. Tavakkolizadeh, A. Davoodi
Mechanical and durability behaviour of concrete with granite waste dust as partial
cement replacement under adverse exposure conditions

Construct. Build. Mater., 194 (2019), pp. 143-152

View PDF  View article  View in Scopus 2 Google Scholar

A.]Jain, R. Gupta, S. Chaudhary
Sustainable development of self-compacting concrete by using granite waste and fly
ash

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 24/30


https://wonasa.com/en/reports.html
https://wonasa.com/en/reports.html
https://www.sciencedirect.com/science/article/pii/S0950061816313575
https://www.scopus.com/inward/record.url?eid=2-s2.0-84983490193&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84983490193&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mechanical%20properties%20of%20cold%20bonded%20quarry%20dust%20aggregate%20concrete%20subjected%20to%20elevated%20temperature&publication_year=2016&author=J.%20Thomas&author=B.%20Harilal
https://scholar.google.com/scholar_lookup?title=Mechanical%20properties%20of%20cold%20bonded%20quarry%20dust%20aggregate%20concrete%20subjected%20to%20elevated%20temperature&publication_year=2016&author=J.%20Thomas&author=B.%20Harilal
https://www.sciencedirect.com/science/article/pii/S0950061816313575/pdfft?md5=e1f4377e201a6718a76b0e437e4c301c&pid=1-s2.0-S0950061816313575-main.pdf
https://www.sciencedirect.com/science/article/pii/S0008884601005130
https://www.scopus.com/inward/record.url?eid=2-s2.0-0035394148&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0035394148&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Impact%20of%20high%20temperature%20on%20PFA%20concrete&publication_year=2001&author=Y.%20Xu&author=Y.%20Wong&author=C.S.%20Poon&author=M.%20Anson
https://scholar.google.com/scholar_lookup?title=Impact%20of%20high%20temperature%20on%20PFA%20concrete&publication_year=2001&author=Y.%20Xu&author=Y.%20Wong&author=C.S.%20Poon&author=M.%20Anson
https://www.sciencedirect.com/science/article/pii/S0008884601005130/pdfft?md5=4a484f5c0270f5230727d05906273dd8&pid=1-s2.0-S0008884601005130-main.pdf
https://www.sciencedirect.com/science/article/pii/S000888460700049X
https://www.scopus.com/inward/record.url?eid=2-s2.0-34249327306&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-34249327306&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Effect%20of%20pumice%20and%20fly%20ash%20incorporation%20on%20high%20temperature%20resistance%20of%20cement%20based%20mortars&publication_year=2007&author=S.%20Ayd%C4%B1n&author=B.%20Baradan
https://scholar.google.com/scholar_lookup?title=Effect%20of%20pumice%20and%20fly%20ash%20incorporation%20on%20high%20temperature%20resistance%20of%20cement%20based%20mortars&publication_year=2007&author=S.%20Ayd%C4%B1n&author=B.%20Baradan
https://www.sciencedirect.com/science/article/pii/S000888460700049X/pdfft?md5=b8b82521a0c24742aec5a84c60aa78a3&pid=1-s2.0-S000888460700049X-main.pdf
https://scholar.google.com/scholar_lookup?title=World%20Granite%20Production%20Data%20by%20World%20Natural%20Stone%20Association&publication_year=2014&author=WONSA
https://scholar.google.com/scholar_lookup?title=World%20Granite%20Production%20Data%20by%20World%20Natural%20Stone%20Association&publication_year=2014&author=WONSA
https://www.sciencedirect.com/science/article/pii/S0950061813003383
https://www.scopus.com/inward/record.url?eid=2-s2.0-84877724665&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84877724665&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Strength%20and%20durability%20properties%20of%20concrete%20made%20with%20granite%20industry%20waste&publication_year=2013&author=M.%20Vijayalakshmi&author=A.%20Sekar
https://scholar.google.com/scholar_lookup?title=Strength%20and%20durability%20properties%20of%20concrete%20made%20with%20granite%20industry%20waste&publication_year=2013&author=M.%20Vijayalakshmi&author=A.%20Sekar
https://www.sciencedirect.com/science/article/pii/S0950061813003383/pdfft?md5=afc64798b1d4d8cb6ed5127bd7fd2334&pid=1-s2.0-S0950061813003383-main.pdf
https://www.sciencedirect.com/science/article/pii/S0169131716304367
https://www.scopus.com/inward/record.url?eid=2-s2.0-85003554323&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85003554323&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mineralogical%20study%20of%20granite%20waste%20in%20a%20pozzolanCa2%20system%3A%20influence%20of%20the%20activation%20process&publication_year=2017&author=G.%20Medina&author=I.F.%20Saez%20del%20Bosque&author=M.%20Frias&author=M.I.%20Sanchez%20de%20Rojas&author=C.%20Medina
https://scholar.google.com/scholar_lookup?title=Mineralogical%20study%20of%20granite%20waste%20in%20a%20pozzolanCa2%20system%3A%20influence%20of%20the%20activation%20process&publication_year=2017&author=G.%20Medina&author=I.F.%20Saez%20del%20Bosque&author=M.%20Frias&author=M.I.%20Sanchez%20de%20Rojas&author=C.%20Medina
https://www.sciencedirect.com/science/article/pii/S0169131716304367/pdfft?md5=75f7f70049e59796548767b4739bc79a&pid=1-s2.0-S0169131716304367-main.pdf
https://www.sciencedirect.com/science/article/pii/S095965261732574X
https://www.scopus.com/inward/record.url?eid=2-s2.0-85038814054&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85038814054&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Durability%20studies%20on%20fibre%20reinforced%20self%20compacting%20concrete%20with%20sustainable%20wastes&publication_year=2018&author=K.%20Aarthi&author=K.%20Arunachalam
https://scholar.google.com/scholar_lookup?title=Durability%20studies%20on%20fibre%20reinforced%20self%20compacting%20concrete%20with%20sustainable%20wastes&publication_year=2018&author=K.%20Aarthi&author=K.%20Arunachalam
https://www.sciencedirect.com/science/article/pii/S095965261732574X/pdfft?md5=0cdbb0fe68763e953cca45cee49946b7&pid=1-s2.0-S095965261732574X-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061818326886
https://www.scopus.com/inward/record.url?eid=2-s2.0-85056222710&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85056222710&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20durability%20behaviour%20of%20concrete%20with%20granite%20waste%20dust%20as%20partial%20cement%20replacement%20under%20adverse%20exposure%20conditions&publication_year=2019&author=S.%20Ghorbani&author=I.%20Taji&author=J.%20De%20Brito&author=M.%20Negahban&author=S.%20Ghorbani&author=M.%20Tavakkolizadeh&author=A.%20Davoodi
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20durability%20behaviour%20of%20concrete%20with%20granite%20waste%20dust%20as%20partial%20cement%20replacement%20under%20adverse%20exposure%20conditions&publication_year=2019&author=S.%20Ghorbani&author=I.%20Taji&author=J.%20De%20Brito&author=M.%20Negahban&author=S.%20Ghorbani&author=M.%20Tavakkolizadeh&author=A.%20Davoodi
https://www.sciencedirect.com/science/article/pii/S0950061818326886/pdfft?md5=f6dc59b10fdc6e029e476c78db10dcd4&pid=1-s2.0-S0950061818326886-main.pdf

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Construct. Build. Mater., 262 (2020), Article 120516

View PDF  View article  View in Scopus 2 Google Scholar

A.]Jain, R. Gupta, S. Chaudhary

Influence of granite waste aggregate on properties of binary blend self-compacting
concrete

Advances in Concrete Construction, 10 (2) (2020), p. 127

Google Scholar

D.M. Sadek, M.M. El-Attar, H.A. Ali

Reusing of marble and granite powders in self-compacting concrete for sustainable
development

J. Clean. Prod., 121 (2016), pp. 19-32

View PDF  View article  View in Scopus 2 Google Scholar

A.O. Mashaly, B.N. Shalaby, M.A. Rashwan

Performance of mortar and concrete incorporating granite sludge as cement
replacement

Construct. Build. Mater., 169 (2018), pp. 800-818

View PDF  View article  View in Scopus 2 Google Scholar

S. Singh, N. Nande, P. Bansal, R. Nagar

Experimental investigation of sustainable concrete made with granite industry by-
product

J. Mater. Civ. Eng., 29 (6) (2017), Article 04017017

Crossref 2 View in Scopus »  Google Scholar 2

A.]Jain, R. Gupta, S. Chaudhary

Performance of self-compacting concrete comprising granite cutting waste as fine
aggregate

Construct. Build. Mater., 221 (2019), pp. 539-552

View PDF  View article  View in Scopus 2 Google Scholar

A.]ain, S. Chaudhary, R. Gupta
Mechanical and microstructural characterization of fly ash blended self-compacting

concrete containing granite waste
Construct. Build. Mater., 314 (2022), Article 125480
View PDF  View article  View in Scopus 2 Google Scholar

S.A. Memon, S.F.A. Shah, R.A. Khushnood, W.L. Baloch

Durability of sustainable concrete subjected to elevated temperature-A review
Construct. Build. Mater., 199 (2019), pp. 435-455

View PDF  View article  View in Scopus 2 Google Scholar

ASTM
Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete

C618

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 25/30


https://www.sciencedirect.com/science/article/pii/S0950061820325216
https://www.scopus.com/inward/record.url?eid=2-s2.0-85090025312&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85090025312&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Sustainable%20development%20of%20self-compacting%20concrete%20by%20using%20granite%20waste%20and%20fly%20ash&publication_year=2020&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://scholar.google.com/scholar_lookup?title=Sustainable%20development%20of%20self-compacting%20concrete%20by%20using%20granite%20waste%20and%20fly%20ash&publication_year=2020&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://www.sciencedirect.com/science/article/pii/S0950061820325216/pdfft?md5=b621bcab38efacdaaace9f004d1d84cc&pid=1-s2.0-S0950061820325216-main.pdf
https://scholar.google.com/scholar_lookup?title=Influence%20of%20granite%20waste%20aggregate%20on%20properties%20of%20binary%20blend%20self-compacting%20concrete&publication_year=2020&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://scholar.google.com/scholar_lookup?title=Influence%20of%20granite%20waste%20aggregate%20on%20properties%20of%20binary%20blend%20self-compacting%20concrete&publication_year=2020&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://www.sciencedirect.com/science/article/pii/S0959652616002043
https://www.scopus.com/inward/record.url?eid=2-s2.0-84975698110&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84975698110&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Reusing%20of%20marble%20and%20granite%20powders%20in%20self-compacting%20concrete%20for%20sustainable%20development&publication_year=2016&author=D.M.%20Sadek&author=M.M.%20El-Attar&author=H.A.%20Ali
https://scholar.google.com/scholar_lookup?title=Reusing%20of%20marble%20and%20granite%20powders%20in%20self-compacting%20concrete%20for%20sustainable%20development&publication_year=2016&author=D.M.%20Sadek&author=M.M.%20El-Attar&author=H.A.%20Ali
https://www.sciencedirect.com/science/article/pii/S0959652616002043/pdfft?md5=ccc417572d773de523b3c01c281b8036&pid=1-s2.0-S0959652616002043-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061818305294
https://www.scopus.com/inward/record.url?eid=2-s2.0-85043395094&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85043395094&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Performance%20of%20mortar%20and%20concrete%20incorporating%20granite%20sludge%20as%20cement%20replacement&publication_year=2018&author=A.O.%20Mashaly&author=B.N.%20Shalaby&author=M.A.%20Rashwan
https://scholar.google.com/scholar_lookup?title=Performance%20of%20mortar%20and%20concrete%20incorporating%20granite%20sludge%20as%20cement%20replacement&publication_year=2018&author=A.O.%20Mashaly&author=B.N.%20Shalaby&author=M.A.%20Rashwan
https://www.sciencedirect.com/science/article/pii/S0950061818305294/pdfft?md5=182eff5ef1cf66b2422d155155133155&pid=1-s2.0-S0950061818305294-main.pdf
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001862
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001862
https://www.scopus.com/inward/record.url?eid=2-s2.0-85017504574&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85017504574&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Experimental%20investigation%20of%20sustainable%20concrete%20made%20with%20granite%20industry%20by-product&publication_year=2017&author=S.%20Singh&author=N.%20Nande&author=P.%20Bansal&author=R.%20Nagar
https://scholar.google.com/scholar_lookup?title=Experimental%20investigation%20of%20sustainable%20concrete%20made%20with%20granite%20industry%20by-product&publication_year=2017&author=S.%20Singh&author=N.%20Nande&author=P.%20Bansal&author=R.%20Nagar
https://www.sciencedirect.com/science/article/pii/S0950061819315326
https://www.scopus.com/inward/record.url?eid=2-s2.0-85067345591&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85067345591&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Performance%20of%20self-compacting%20concrete%20comprising%20granite%20cutting%20waste%20as%20fine%20aggregate&publication_year=2019&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://scholar.google.com/scholar_lookup?title=Performance%20of%20self-compacting%20concrete%20comprising%20granite%20cutting%20waste%20as%20fine%20aggregate&publication_year=2019&author=A.%20Jain&author=R.%20Gupta&author=S.%20Chaudhary
https://www.sciencedirect.com/science/article/pii/S0950061819315326/pdfft?md5=78b87d33ee071c657f5faf30bbf81963&pid=1-s2.0-S0950061819315326-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061821032189
https://www.scopus.com/inward/record.url?eid=2-s2.0-85119077051&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85119077051&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20microstructural%20characterization%20of%20fly%20ash%20blended%20self-compacting%20concrete%20containing%20granite%20waste&publication_year=2022&author=A.%20Jain&author=S.%20Chaudhary&author=R.%20Gupta
https://scholar.google.com/scholar_lookup?title=Mechanical%20and%20microstructural%20characterization%20of%20fly%20ash%20blended%20self-compacting%20concrete%20containing%20granite%20waste&publication_year=2022&author=A.%20Jain&author=S.%20Chaudhary&author=R.%20Gupta
https://www.sciencedirect.com/science/article/pii/S0950061821032189/pdfft?md5=98cbb30275e04555337f93bc33674929&pid=1-s2.0-S0950061821032189-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061818330204
https://www.scopus.com/inward/record.url?eid=2-s2.0-85058435974&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85058435974&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Durability%20of%20sustainable%20concrete%20subjected%20to%20elevated%20temperatureA%20review&publication_year=2019&author=S.A.%20Memon&author=S.F.A.%20Shah&author=R.A.%20Khushnood&author=W.L.%20Baloch
https://scholar.google.com/scholar_lookup?title=Durability%20of%20sustainable%20concrete%20subjected%20to%20elevated%20temperatureA%20review&publication_year=2019&author=S.A.%20Memon&author=S.F.A.%20Shah&author=R.A.%20Khushnood&author=W.L.%20Baloch
https://www.sciencedirect.com/science/article/pii/S0950061818330204/pdfft?md5=963000474f561d62b42734c1a8fc01ba&pid=1-s2.0-S0950061818330204-main.pdf

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

ASTM International, West Conshohocken, PA (2017)

Google Scholar =
BIS

Specification for Coarse and Fine Aggregates from Natural Sources for Concrete
383
Bureau of Indian Standards, New Delhi, India (2016)

Google Scholar

BIS

Indian Standard 43 Grade Ordinary Portland Cement - Specification
8112

Bureau of Indian Standards, New Delhi, India (1989)

Google Scholar =

EFNARC
European Guidelines for Self-Compacting Concrete: Specification, Production and
Use

(2005)

Google Scholar 2

ASTM
Standard Test Method for Density, Absorption, and Voids in Hardened Concrete
C642

ASTM International, West Conshohocken, PA (2013)

Google Scholar =

1SO
Fire-resistance Tests-Elements of Building Construction, Part 1: General
Requirements

834-1

International Organization for Standardization (1999), pp. 1-25

Google Scholar 2

BIS
Methods of Tests for Strength of Concrete
516
Bureau of Indian Standards, New Delhi, India (1959)

Google Scholar =

BIS
Method of Non-destructive Testing of Concrete, Part 1: Ultrasonic Pulse Velocity
13311-1

of Indian Standards, New Delhi, India (1992)

Google Scholar »

M. Uysal, K. Yilmaz, M. Ipek

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 26/30


https://scholar.google.com/scholar_lookup?title=Standard%20Specification%20for%20Coal%20Fly%20Ash%20and%20Raw%20or%20Calcined%20Natural%20Pozzolan%20for%20Use%20in%20Concrete&publication_year=2017&author=ASTM
https://scholar.google.com/scholar_lookup?title=Standard%20Specification%20for%20Coal%20Fly%20Ash%20and%20Raw%20or%20Calcined%20Natural%20Pozzolan%20for%20Use%20in%20Concrete&publication_year=2017&author=ASTM
https://scholar.google.com/scholar_lookup?title=Specification%20for%20Coarse%20and%20Fine%20Aggregates%20from%20Natural%20Sources%20for%20Concrete&publication_year=2016&author=BIS
https://scholar.google.com/scholar_lookup?title=Specification%20for%20Coarse%20and%20Fine%20Aggregates%20from%20Natural%20Sources%20for%20Concrete&publication_year=2016&author=BIS
https://scholar.google.com/scholar_lookup?title=Indian%20Standard%2043%20Grade%20Ordinary%20Portland%20Cement%20%20Specification&publication_year=1989&author=BIS
https://scholar.google.com/scholar_lookup?title=Indian%20Standard%2043%20Grade%20Ordinary%20Portland%20Cement%20%20Specification&publication_year=1989&author=BIS
https://scholar.google.com/scholar_lookup?title=European%20Guidelines%20for%20Self-Compacting%20Concrete%3A%20Specification%2C%20Production%20and%20Use&publication_year=2005&author=EFNARC
https://scholar.google.com/scholar_lookup?title=European%20Guidelines%20for%20Self-Compacting%20Concrete%3A%20Specification%2C%20Production%20and%20Use&publication_year=2005&author=EFNARC
https://scholar.google.com/scholar_lookup?title=Standard%20Test%20Method%20for%20Density%2C%20Absorption%2C%20and%20Voids%20in%20Hardened%20Concrete&publication_year=2013&author=ASTM
https://scholar.google.com/scholar_lookup?title=Standard%20Test%20Method%20for%20Density%2C%20Absorption%2C%20and%20Voids%20in%20Hardened%20Concrete&publication_year=2013&author=ASTM
https://scholar.google.com/scholar_lookup?title=Fire-resistance%20Tests-Elements%20of%20Building%20Construction%2C%20Part%201%3A%20General%20Requirements&publication_year=1999&author=ISO
https://scholar.google.com/scholar_lookup?title=Fire-resistance%20Tests-Elements%20of%20Building%20Construction%2C%20Part%201%3A%20General%20Requirements&publication_year=1999&author=ISO
https://scholar.google.com/scholar_lookup?title=Methods%20of%20Tests%20for%20Strength%20of%20Concrete&publication_year=1959&author=BIS
https://scholar.google.com/scholar_lookup?title=Methods%20of%20Tests%20for%20Strength%20of%20Concrete&publication_year=1959&author=BIS
https://scholar.google.com/scholar_lookup?title=Method%20of%20Non-destructive%20Testing%20of%20Concrete%2C%20Part%201%3A%20Ultrasonic%20Pulse%20Velocity&publication_year=1992&author=BIS
https://scholar.google.com/scholar_lookup?title=Method%20of%20Non-destructive%20Testing%20of%20Concrete%2C%20Part%201%3A%20Ultrasonic%20Pulse%20Velocity&publication_year=1992&author=BIS

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...
Properties and behavior of self-compacting concrete produced with GBFS and FA
additives subjected to high temperatures
Construct. Build. Mater., 28 (1) (2012), pp. 321-326
View PDF  View article  View in Scopus 2 Google Scholar

[47]  P.Bamonte, P. Gambarova
Properties of concrete subjected to extreme thermal conditions
J. Struct. Fire Eng., 5 (1) (2014), pp. 47-62

Crossref 2 View in Scopus 2 Google Scholar 2

[48]  S.H.M. Mittri, G.L. Vieira, G.C. Guignone, M.K. Degen, C.R. Teles, R. Zulcdo
Utilisation of heat-treated ornamental stone processing waste as an addition to

concretes to improve compressive strength and reduce chloride ion penetration
Construct. Build. Mater., 188 (2018), pp. 444-455
View PDF  View article  View in Scopus 2 Google Scholar

[49]  R.Zulcao,].L. Calmon, T.A. Rebello, D.R. Vieira
Life cycle assessment of the ornamental stone processing waste use in cement-
based building materials
Construct. Build. Mater., 257 (2020), Article 119523
View PDF  View article  View in Scopus 2 Google Scholar

[50]  D. Cree, M. Green, A. Noumowé
Residual strength of concrete containing recycled materials after exposure to fire: a
review
Construct. Build. Mater., 45 (2013), pp. 208-223
View PDF  View article ~ View in Scopus 2 Google Scholar

[51]  C.-S.Poon, S. Azhar, M. Anson, Y.-L. Wong
Comparison of the strength and durability performance of normal-and high-
strength pozzolanic concretes at elevated temperatures
Cement Concr. Res., 31 (9) (2001), pp. 1291-1300
View PDF  View article  View in Scopus 2  Google Scholar »

[52]  H.Fares, A. Noumowe, S. Remond
Self-consolidating concrete subjected to high temperature
Cement Concr. Res., 39 (12) (2009), pp. 1230-1238

View PDF  View article  View in Scopus 2  Google Scholar

[53]  Y.Guo,T.Zhang, W. Tian, ]. Wei, Q. Yu
Physically and chemically bound chlorides in hydrated cement pastes: a comparison

study of the effects of silica fume and metakaolin
J. Mater. Sci., 54 (3) (2018), pp. 2152-2169

Google Scholar =

[54]  S.Siddique, S. Shrivastava, S. Chaudhary
Evaluating resistance of fine bone China ceramic aggregate concrete to sulphate
attack

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 27/30


https://www.sciencedirect.com/science/article/pii/S0950061811005095
https://www.scopus.com/inward/record.url?eid=2-s2.0-80054103222&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-80054103222&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Properties%20and%20behavior%20of%20self-compacting%20concrete%20produced%20with%20GBFS%20and%20FA%20additives%20subjected%20to%20high%20temperatures&publication_year=2012&author=M.%20Uysal&author=K.%20Yilmaz&author=M.%20Ipek
https://scholar.google.com/scholar_lookup?title=Properties%20and%20behavior%20of%20self-compacting%20concrete%20produced%20with%20GBFS%20and%20FA%20additives%20subjected%20to%20high%20temperatures&publication_year=2012&author=M.%20Uysal&author=K.%20Yilmaz&author=M.%20Ipek
https://www.sciencedirect.com/science/article/pii/S0950061811005095/pdfft?md5=72cb5be3283f6a734945d8cda04d2555&pid=1-s2.0-S0950061811005095-main.pdf
https://doi.org/10.1260/2040-2317.5.1.47
https://doi.org/10.1260/2040-2317.5.1.47
https://www.scopus.com/inward/record.url?eid=2-s2.0-84897017756&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84897017756&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Properties%20of%20concrete%20subjected%20to%20extreme%20thermal%20conditions&publication_year=2014&author=P.%20Bamonte&author=P.%20Gambarova
https://scholar.google.com/scholar_lookup?title=Properties%20of%20concrete%20subjected%20to%20extreme%20thermal%20conditions&publication_year=2014&author=P.%20Bamonte&author=P.%20Gambarova
https://www.sciencedirect.com/science/article/pii/S0950061818320695
https://www.scopus.com/inward/record.url?eid=2-s2.0-85052244618&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85052244618&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Utilisation%20of%20heat-treated%20ornamental%20stone%20processing%20waste%20as%20an%20addition%20to%20concretes%20to%20improve%20compressive%20strength%20and%20reduce%20chloride%20ion%20penetration&publication_year=2018&author=S.H.M.%20Mittri&author=G.L.%20Vieira&author=G.C.%20Guignone&author=M.K.%20Degen&author=C.R.%20Teles&author=R.%20Zulc%C3%A3o
https://scholar.google.com/scholar_lookup?title=Utilisation%20of%20heat-treated%20ornamental%20stone%20processing%20waste%20as%20an%20addition%20to%20concretes%20to%20improve%20compressive%20strength%20and%20reduce%20chloride%20ion%20penetration&publication_year=2018&author=S.H.M.%20Mittri&author=G.L.%20Vieira&author=G.C.%20Guignone&author=M.K.%20Degen&author=C.R.%20Teles&author=R.%20Zulc%C3%A3o
https://www.sciencedirect.com/science/article/pii/S0950061818320695/pdfft?md5=f5c1b1a88b38802d26f3b51d0cfcb61a&pid=1-s2.0-S0950061818320695-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061820315282
https://www.scopus.com/inward/record.url?eid=2-s2.0-85085261544&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85085261544&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Life%20cycle%20assessment%20of%20the%20ornamental%20stone%20processing%20waste%20use%20in%20cement-based%20building%20materials&publication_year=2020&author=R.%20Zulcao&author=J.L.%20Calmon&author=T.A.%20Rebello&author=D.R.%20Vieira
https://scholar.google.com/scholar_lookup?title=Life%20cycle%20assessment%20of%20the%20ornamental%20stone%20processing%20waste%20use%20in%20cement-based%20building%20materials&publication_year=2020&author=R.%20Zulcao&author=J.L.%20Calmon&author=T.A.%20Rebello&author=D.R.%20Vieira
https://www.sciencedirect.com/science/article/pii/S0950061820315282/pdfft?md5=563466b68d9d7c30e507b92031cd6d78&pid=1-s2.0-S0950061820315282-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061813003139
https://www.scopus.com/inward/record.url?eid=2-s2.0-84877349339&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84877349339&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Residual%20strength%20of%20concrete%20containing%20recycled%20materials%20after%20exposure%20to%20fire%3A%20a%20review&publication_year=2013&author=D.%20Cree&author=M.%20Green&author=A.%20Noumow%C3%A9
https://scholar.google.com/scholar_lookup?title=Residual%20strength%20of%20concrete%20containing%20recycled%20materials%20after%20exposure%20to%20fire%3A%20a%20review&publication_year=2013&author=D.%20Cree&author=M.%20Green&author=A.%20Noumow%C3%A9
https://www.sciencedirect.com/science/article/pii/S0950061813003139/pdfft?md5=f3445fafa8542617d9b2227c8044b6bc&pid=1-s2.0-S0950061813003139-main.pdf
https://www.sciencedirect.com/science/article/pii/S0008884601005804
https://www.scopus.com/inward/record.url?eid=2-s2.0-0035466154&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0035466154&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Comparison%20of%20the%20strength%20and%20durability%20performance%20of%20normal-and%20high-strength%20pozzolanic%20concretes%20at%20elevated%20temperatures&publication_year=2001&author=C.-S.%20Poon&author=S.%20Azhar&author=M.%20Anson&author=Y.-L.%20Wong
https://scholar.google.com/scholar_lookup?title=Comparison%20of%20the%20strength%20and%20durability%20performance%20of%20normal-and%20high-strength%20pozzolanic%20concretes%20at%20elevated%20temperatures&publication_year=2001&author=C.-S.%20Poon&author=S.%20Azhar&author=M.%20Anson&author=Y.-L.%20Wong
https://www.sciencedirect.com/science/article/pii/S0008884601005804/pdfft?md5=16a3b6b68fe6cbdadb1bcd00290f9ad9&pid=1-s2.0-S0008884601005804-main.pdf
https://www.sciencedirect.com/science/article/pii/S0008884609002026
https://www.scopus.com/inward/record.url?eid=2-s2.0-70350570063&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-70350570063&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Self-consolidating%20concrete%20subjected%20to%20high%20temperature&publication_year=2009&author=H.%20Fares&author=A.%20Noumowe&author=S.%20Remond
https://scholar.google.com/scholar_lookup?title=Self-consolidating%20concrete%20subjected%20to%20high%20temperature&publication_year=2009&author=H.%20Fares&author=A.%20Noumowe&author=S.%20Remond
https://www.sciencedirect.com/science/article/pii/S0008884609002026/pdfft?md5=9d18c80a495803f75a6dc4d71a166d76&pid=1-s2.0-S0008884609002026-main.pdf
https://scholar.google.com/scholar_lookup?title=Physically%20and%20chemically%20bound%20chlorides%20in%20hydrated%20cement%20pastes%3A%20a%20comparison%20study%20of%20the%20effects%20of%20silica%20fume%20and%20metakaolin&publication_year=2018&author=Y.%20Guo&author=T.%20Zhang&author=W.%20Tian&author=J.%20Wei&author=Q.%20Yu
https://scholar.google.com/scholar_lookup?title=Physically%20and%20chemically%20bound%20chlorides%20in%20hydrated%20cement%20pastes%3A%20a%20comparison%20study%20of%20the%20effects%20of%20silica%20fume%20and%20metakaolin&publication_year=2018&author=Y.%20Guo&author=T.%20Zhang&author=W.%20Tian&author=J.%20Wei&author=Q.%20Yu

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

[55]

[>6]

[57]

[>8]

[>9]

[60]

[61]

[62]

Construct. Build. Mater., 186 (2018), pp. 826-832

View PDF  View article  View in Scopus 2 Google Scholar

H. Mahzuz, M.R. Choudhury, A.R. Ahmed, S. Ray

Effect of material strength on the cost of RCC building frames
SN Appl. Sci., 2 (2020), pp. 1-8

Google Scholar =

B. Mithun, M. Narasimhan

Performance of alkali activated slag concrete mixes incorporating copper slag as fine
aggregate

J. Clean. Prod., 112 (2016), pp. 837-844

View PDF  View article  View in Scopus 2 Google Scholar

R. Sharma, R.A. Khan

Sustainable use of copper slag in self compacting concrete containing
supplementary cementitious materials

J. Clean. Prod., 151 (2017), pp. 179-192

View PDF  View article  Crossref 2 View in Scopus »  Google Scholar »

S. Siddique, S. Chaudhary, S. Shrivastava, T. Gupta

Sustainable utilisation of ceramic waste in concrete: exposure to adverse conditions
J. Clean. Prod., 210 (2019), pp. 246-255

View PDF  View article  View in Scopus 2 Google Scholar

CPWD, Delhi Schedule of Rates

(Vol. 1)

Director General, Central Public Works Department, New Delhi (2021)
https://www.daojharkhandgroup.in/wp-content/uploads/2021/09/DSR-2021.pdf », Accessed 18th Jun
2023

Google Scholar 2

A. Singh, P. Vaddy, K.P. Biligiri
Quantification of embodied energy and carbon footprint of pervious concrete

pavements through a methodical lifecycle assessment framework
Resour. Conserv. Recycl., 161 (2020), Article 104953

View PDF  View article ~ View in Scopus 2 Google Scholar

A.]ain, S. Chaudhary, S. Choudhary, R. Gupta

Resistance of fly ash blended self-compacting concrete incorporating granite
powder against acid and sulphate environments

Arabian J. Geosci., 15 (12) (2022), p. 1156

Google Scholar

L. Stevulg, J. Madej, J. Kozankova, J. Madejova

Hydration products at the blastfurnace slag aggregate-cement paste interface
Cement Concr. Res., 24 (3) (1994), pp. 413-423

View PDF  View article  View in Scopus 2 Google Scholar

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 28/30


https://www.daojharkhandgroup.in/wp-content/uploads/2021/09/DSR-2021.pdf
https://www.daojharkhandgroup.in/wp-content/uploads/2021/09/DSR-2021.pdf
https://www.sciencedirect.com/science/article/pii/S0950061818318129
https://www.scopus.com/inward/record.url?eid=2-s2.0-85051145928&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85051145928&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Evaluating%20resistance%20of%20fine%20bone%20China%20ceramic%20aggregate%20concrete%20to%20sulphate%20attack&publication_year=2018&author=S.%20Siddique&author=S.%20Shrivastava&author=S.%20Chaudhary
https://scholar.google.com/scholar_lookup?title=Evaluating%20resistance%20of%20fine%20bone%20China%20ceramic%20aggregate%20concrete%20to%20sulphate%20attack&publication_year=2018&author=S.%20Siddique&author=S.%20Shrivastava&author=S.%20Chaudhary
https://www.sciencedirect.com/science/article/pii/S0950061818318129/pdfft?md5=c2e901bea9142e1cce6965517b117c9d&pid=1-s2.0-S0950061818318129-main.pdf
https://scholar.google.com/scholar_lookup?title=Effect%20of%20material%20strength%20on%20the%20cost%20of%20RCC%20building%20frames&publication_year=2020&author=H.%20Mahzuz&author=M.R.%20Choudhury&author=A.R.%20Ahmed&author=S.%20Ray
https://scholar.google.com/scholar_lookup?title=Effect%20of%20material%20strength%20on%20the%20cost%20of%20RCC%20building%20frames&publication_year=2020&author=H.%20Mahzuz&author=M.R.%20Choudhury&author=A.R.%20Ahmed&author=S.%20Ray
https://www.sciencedirect.com/science/article/pii/S0959652615007465
https://www.scopus.com/inward/record.url?eid=2-s2.0-84932143772&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84932143772&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Performance%20of%20alkali%20activated%20slag%20concrete%20mixes%20incorporating%20copper%20slag%20as%20fine%20aggregate&publication_year=2016&author=B.%20Mithun&author=M.%20Narasimhan
https://scholar.google.com/scholar_lookup?title=Performance%20of%20alkali%20activated%20slag%20concrete%20mixes%20incorporating%20copper%20slag%20as%20fine%20aggregate&publication_year=2016&author=B.%20Mithun&author=M.%20Narasimhan
https://www.sciencedirect.com/science/article/pii/S0959652615007465/pdfft?md5=c9ba0871fb4b834913725aaf0911ed4d&pid=1-s2.0-S0959652615007465-main.pdf
https://www.sciencedirect.com/science/article/pii/S0959652617304663
https://doi.org/10.4103/0970-2113.201320
https://doi.org/10.4103/0970-2113.201320
https://www.scopus.com/inward/record.url?eid=2-s2.0-85016450373&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85016450373&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Sustainable%20use%20of%20copper%20slag%20in%20self%20compacting%20concrete%20containing%20supplementary%20cementitious%20materials&publication_year=2017&author=R.%20Sharma&author=R.A.%20Khan
https://scholar.google.com/scholar_lookup?title=Sustainable%20use%20of%20copper%20slag%20in%20self%20compacting%20concrete%20containing%20supplementary%20cementitious%20materials&publication_year=2017&author=R.%20Sharma&author=R.A.%20Khan
https://www.sciencedirect.com/science/article/pii/S0959652617304663/pdfft?md5=34e746f7d318aec6f61c34b89d8066f0&pid=1-s2.0-S0959652617304663-main.pdf
https://www.sciencedirect.com/science/article/pii/S0959652618332578
https://www.scopus.com/inward/record.url?eid=2-s2.0-85057178856&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85057178856&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Sustainable%20utilisation%20of%20ceramic%20waste%20in%20concrete%3A%20exposure%20to%20adverse%20conditions&publication_year=2019&author=S.%20Siddique&author=S.%20Chaudhary&author=S.%20Shrivastava&author=T.%20Gupta
https://scholar.google.com/scholar_lookup?title=Sustainable%20utilisation%20of%20ceramic%20waste%20in%20concrete%3A%20exposure%20to%20adverse%20conditions&publication_year=2019&author=S.%20Siddique&author=S.%20Chaudhary&author=S.%20Shrivastava&author=T.%20Gupta
https://www.sciencedirect.com/science/article/pii/S0959652618332578/pdfft?md5=3986e0ac74ffdb3a56f1a067cb3a3b25&pid=1-s2.0-S0959652618332578-main.pdf
https://scholar.google.com/scholar?q=CPWD%2C%20Delhi%20Schedule%20of%20Rates%20(Vol.%201)%2C%20Director%20General%2C%20Central%20Public%20Works%20Department%2C%20New%20Delhi.%20https%3A%2F%2Fwww.daojharkhandgroup.in%2Fwp-content%2Fuploads%2F2021%2F09%2FDSR-2021.pdf%2C%20Accessed%20on%2018%2F06%2F2023%2C%20(2021).
https://scholar.google.com/scholar?q=CPWD%2C%20Delhi%20Schedule%20of%20Rates%20(Vol.%201)%2C%20Director%20General%2C%20Central%20Public%20Works%20Department%2C%20New%20Delhi.%20https%3A%2F%2Fwww.daojharkhandgroup.in%2Fwp-content%2Fuploads%2F2021%2F09%2FDSR-2021.pdf%2C%20Accessed%20on%2018%2F06%2F2023%2C%20(2021).
https://www.sciencedirect.com/science/article/pii/S0921344920302718
https://www.scopus.com/inward/record.url?eid=2-s2.0-85085572401&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85085572401&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Quantification%20of%20embodied%20energy%20and%20carbon%20footprint%20of%20pervious%20concrete%20pavements%20through%20a%20methodical%20lifecycle%20assessment%20framework&publication_year=2020&author=A.%20Singh&author=P.%20Vaddy&author=K.P.%20Biligiri
https://scholar.google.com/scholar_lookup?title=Quantification%20of%20embodied%20energy%20and%20carbon%20footprint%20of%20pervious%20concrete%20pavements%20through%20a%20methodical%20lifecycle%20assessment%20framework&publication_year=2020&author=A.%20Singh&author=P.%20Vaddy&author=K.P.%20Biligiri
https://www.sciencedirect.com/science/article/pii/S0921344920302718/pdfft?md5=115815a517cf50a93381eecdcd11ec44&pid=1-s2.0-S0921344920302718-main.pdf
https://scholar.google.com/scholar_lookup?title=Resistance%20of%20fly%20ash%20blended%20self-compacting%20concrete%20incorporating%20granite%20powder%20against%20acid%20and%20sulphate%20environments&publication_year=2022&author=A.%20Jain&author=S.%20Chaudhary&author=S.%20Choudhary&author=R.%20Gupta
https://scholar.google.com/scholar_lookup?title=Resistance%20of%20fly%20ash%20blended%20self-compacting%20concrete%20incorporating%20granite%20powder%20against%20acid%20and%20sulphate%20environments&publication_year=2022&author=A.%20Jain&author=S.%20Chaudhary&author=S.%20Choudhary&author=R.%20Gupta
https://www.sciencedirect.com/science/article/pii/0008884694901287
https://www.scopus.com/inward/record.url?eid=2-s2.0-0028202256&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0028202256&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Hydration%20products%20at%20the%20blastfurnace%20slag%20aggregate-cement%20paste%20interface&publication_year=1994&author=L.%20Stevula&author=J.%20Madej&author=J.%20Kozankova&author=J.%20Madejova
https://scholar.google.com/scholar_lookup?title=Hydration%20products%20at%20the%20blastfurnace%20slag%20aggregate-cement%20paste%20interface&publication_year=1994&author=L.%20Stevula&author=J.%20Madej&author=J.%20Kozankova&author=J.%20Madejova
https://www.sciencedirect.com/science/article/pii/0008884694901287/pdf?md5=e81bdfedcd2c882a8d4840bda145b610&pid=1-s2.0-0008884694901287-main.pdf

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...

[63]  F. Rubio,]. Rubio,]. Oteo
A DSC study of the drying process of TEOS derived wet silica gels
Thermochim. Acta, 307 (1) (1997), pp. 51-56
View PDF  View article  View in Scopus 2 Google Scholar »
[64] S.Siddique, T. Gupta, A.A. Thakare, V. Gupta, S. Chaudhary
Acid resistance of fine bone China ceramic aggregate concrete
European Journal of Environmental and Civil Engineering (2019), pp. 1-14
View in Scopus 2 Google Scholar
[65]  R.Gimenez-Garcia, R. Vigil de la Villa Mencia, V. Rubio, M. Frias
The transformation of coal-mining waste minerals in the pozzolanic reactions of
cements
Minerals, 6 (3) (2016), p. 64
Crossref 2 Google Scholar
[66] T.L.Hughes, C.M. Methven, T.G. Jones, S.E. Pelham, P. Fletcher, C. Hall
Determining cement composition by Fourier transform infrared spectroscopy
Adv. Cement Base Mater., 2 (3) (1995), pp. 91-104
View PDF  View article  View in Scopus 2 Google Scholar »
[67] K.I.S.A.Kabeer, AK. Vyas
Utilization of marble powder as fine aggregate in mortar mixes
Construct. Build. Mater., 165 (2018), pp. 321-332
View PDF  View article  View in Scopus 2  Google Scholar
[68] M. Chollet, M. Horgnies
Analyses of the surfaces of concrete by Raman and FT-IR spectroscopies:
comparative study of hardened samples after demoulding and after organic post-
treatment
Surf. Interface Anal., 43 (3) (2011), pp. 714-725
Crossref 2 View in Scopus »  Google Scholar
[69] D.G.Urbano, A. Aquino, F. Scrucca
Energy performance, environmental impacts and costs of a drying system: life cycle
analysis of conventional and heat recovery scenarios
Energies, 16 (3) (2023), p. 1523
Crossref 2 View in Scopus 2 Google Scholar
Cited by (3)

The effect of using seashells as cementitious bio-material and granite industrial waste as

fine aggregate on mechanical and durability properties of green flowable sand concrete
2024, Journal of Building Engineering

Citation Excerpt :

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 29/30


https://www.sciencedirect.com/science/article/pii/S2352710224005369
https://www.sciencedirect.com/science/article/pii/S2352710224005369
https://www.sciencedirect.com/science/article/pii/S0040603197003092
https://www.scopus.com/inward/record.url?eid=2-s2.0-0038723414&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0038723414&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20DSC%20study%20of%20the%20drying%20process%20of%20TEOS%20derived%20wet%20silica%20gels&publication_year=1997&author=F.%20Rubio&author=J.%20Rubio&author=J.%20Oteo
https://scholar.google.com/scholar_lookup?title=A%20DSC%20study%20of%20the%20drying%20process%20of%20TEOS%20derived%20wet%20silica%20gels&publication_year=1997&author=F.%20Rubio&author=J.%20Rubio&author=J.%20Oteo
https://www.sciencedirect.com/science/article/pii/S0040603197003092/pdf?md5=709406893cce9fa3bfbc56c9de76bc76&pid=1-s2.0-S0040603197003092-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85106382018&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85106382018&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Acid%20resistance%20of%20fine%20bone%20China%20ceramic%20aggregate%20concrete&publication_year=2019&author=S.%20Siddique&author=T.%20Gupta&author=A.A.%20Thakare&author=V.%20Gupta&author=S.%20Chaudhary
https://scholar.google.com/scholar_lookup?title=Acid%20resistance%20of%20fine%20bone%20China%20ceramic%20aggregate%20concrete&publication_year=2019&author=S.%20Siddique&author=T.%20Gupta&author=A.A.%20Thakare&author=V.%20Gupta&author=S.%20Chaudhary
https://doi.org/10.3390/min6030064
https://doi.org/10.3390/min6030064
https://scholar.google.com/scholar_lookup?title=The%20transformation%20of%20coal-mining%20waste%20minerals%20in%20the%20pozzolanic%20reactions%20of%20cements&publication_year=2016&author=R.%20Gimenez-Garcia&author=R.%20Vigil%20de%20la%20Villa%20Mencia&author=V.%20Rubio&author=M.%20Frias
https://scholar.google.com/scholar_lookup?title=The%20transformation%20of%20coal-mining%20waste%20minerals%20in%20the%20pozzolanic%20reactions%20of%20cements&publication_year=2016&author=R.%20Gimenez-Garcia&author=R.%20Vigil%20de%20la%20Villa%20Mencia&author=V.%20Rubio&author=M.%20Frias
https://www.sciencedirect.com/science/article/pii/106573559400031X
https://www.scopus.com/inward/record.url?eid=2-s2.0-0029309047&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0029309047&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Determining%20cement%20composition%20by%20Fourier%20transform%20infrared%20spectroscopy&publication_year=1995&author=T.L.%20Hughes&author=C.M.%20Methven&author=T.G.%20Jones&author=S.E.%20Pelham&author=P.%20Fletcher&author=C.%20Hall
https://scholar.google.com/scholar_lookup?title=Determining%20cement%20composition%20by%20Fourier%20transform%20infrared%20spectroscopy&publication_year=1995&author=T.L.%20Hughes&author=C.M.%20Methven&author=T.G.%20Jones&author=S.E.%20Pelham&author=P.%20Fletcher&author=C.%20Hall
https://www.sciencedirect.com/science/article/pii/106573559400031X/pdf?md5=4827535a418f561075ba972cbf64d86c&pid=1-s2.0-106573559400031X-main.pdf
https://www.sciencedirect.com/science/article/pii/S0950061818300631
https://www.scopus.com/inward/record.url?eid=2-s2.0-85042855584&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85042855584&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Utilization%20of%20marble%20powder%20as%20fine%20aggregate%20in%20mortar%20mixes&publication_year=2018&author=K.I.S.A.%20Kabeer&author=A.K.%20Vyas
https://scholar.google.com/scholar_lookup?title=Utilization%20of%20marble%20powder%20as%20fine%20aggregate%20in%20mortar%20mixes&publication_year=2018&author=K.I.S.A.%20Kabeer&author=A.K.%20Vyas
https://www.sciencedirect.com/science/article/pii/S0950061818300631/pdfft?md5=ebbd0b5b650d61185c457bce82da97e2&pid=1-s2.0-S0950061818300631-main.pdf
https://doi.org/10.1002/sia.3548
https://doi.org/10.1002/sia.3548
https://www.scopus.com/inward/record.url?eid=2-s2.0-79951505745&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-79951505745&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Analyses%20of%20the%20surfaces%20of%20concrete%20by%20Raman%20and%20FT-IR%20spectroscopies%3A%20comparative%20study%20of%20hardened%20samples%20after%20demoulding%20and%20after%20organic%20post-treatment&publication_year=2011&author=M.%20Chollet&author=M.%20Horgnies
https://scholar.google.com/scholar_lookup?title=Analyses%20of%20the%20surfaces%20of%20concrete%20by%20Raman%20and%20FT-IR%20spectroscopies%3A%20comparative%20study%20of%20hardened%20samples%20after%20demoulding%20and%20after%20organic%20post-treatment&publication_year=2011&author=M.%20Chollet&author=M.%20Horgnies
https://doi.org/10.3390/en16031523
https://doi.org/10.3390/en16031523
https://www.scopus.com/inward/record.url?eid=2-s2.0-85147855011&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85147855011&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Energy%20performance%2C%20environmental%20impacts%20and%20costs%20of%20a%20drying%20system%3A%20life%20cycle%20analysis%20of%20conventional%20and%20heat%20recovery%20scenarios&publication_year=2023&author=D.G.%20Urbano&author=A.%20Aquino&author=F.%20Scrucca
https://scholar.google.com/scholar_lookup?title=Energy%20performance%2C%20environmental%20impacts%20and%20costs%20of%20a%20drying%20system%3A%20life%20cycle%20analysis%20of%20conventional%20and%20heat%20recovery%20scenarios&publication_year=2023&author=D.G.%20Urbano&author=A.%20Aquino&author=F.%20Scrucca

12/21/24, 10:20 AM Evaluation of real time fire performance of eco-efficient fly ash blended self-consolidating concrete including granite waste - ...
...Meanwhile, the early compressive strength improved when 50% of the natural sand was replaced with granite
waste. In terms of sustainability, Jain et al. [39] found that, taking into account the specified economic and
environmental cost factors, using up to 40% of GW in place of fine aggregates could be beneficial for the

production of SCC. The current study is part of the process of recycling and reusing waste in the construction

industry, notably aggregates and cement, in an effort to decrease the extraction of aggregates and CO2 emissions
while extending the life of landfills currently in saturation, which is very advantageous from an ecological and
financial standpoint....

Show abstract v

A scientometric analysis on self-curing, self-compacting and self-healing concrete »
2024, AIP Conference Proceedings

Study on the Preparation of Crystalline Glaze from Granite Waste

2024, Journal of Physics: Conference Series
View Abstract

© 2023 Elsevier Ltd. All rights reserved.

‘ qgﬁ‘zc» =

ELSEVIER

All content on this site: Copyright (© 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, Al training, and similar
technologies. For all open access content, the Creative Commons licensing terms apply.

& RELX™

https://lwww.sciencedirect.com/science/article/pii/S2352710223017333 30/30


https://doi.org/10.1063/5.0216246
https://doi.org/10.1063/5.0216246
https://doi.org/10.1088/1742-6596/2679/1/012030
https://doi.org/10.1088/1742-6596/2679/1/012030
https://www.sciencedirect.com/science/article/abs/pii/S2352710223017333
https://www.elsevier.com/
https://www.relx.com/

