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Investigating the Effect of Using Granite Waste and Combining Porcelain Ceramic
Waste on the Mechanical Behavior of Reactive Powder Concrete (RPC)
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ABSTRACT: This study investigates the feasibility of reducing silica sand consumption in Reactive
Powder Concrete (RPC) by replacing it with granite waste powder (GWP) and combined granite—
porcelain ceramic waste (PCW). Nine RPC mixtures were designed using two microsilica contents
(12.5% and 25% by cement weight) and two replacement levels (50% and 75%) of silica sand. All
mixtures had a constant water-to-cementitious materials ratio of 0.20 and a superplasticizer content
of 2% by cement weight. Mechanical performance was evaluated through compressive and flexural
strength tests at curing ages of 3, 7, 14, and 28 days under steam curing at 95°C. Results demonstrated
that waste incorporation significantly improved mechanical properties while reducing material cost,
confirming the technical and economic viability of sustainable RPC production.
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1- Introduction

Reactive Powder Concrete (RPC) is classified as an ultra-
high-performance cementitious composite due to its dense
microstructure, very low porosity, and superior mechanical
performance [1,2]. These properties are mainly achieved by
eliminating coarse aggregates, using very fine silica sand,
applying a low water-to-cementitious materials ratio, and
incorporating highly reactive pozzolanic materials such as
microsilica. Despite its advantages, the high consumption of
silica sand and cement increases the cost and environmental
footprint of RPC. Therefore, the use of industrial and
construction wastes as alternative fine materials has attracted
increasing attention. Granite cutting waste and porcelain
ceramic waste are produced in large quantities and often
disposed of in landfills, causing environmental concerns.
Their mineralogical composition, mechanical strength, and
particle angularity suggest that they can be suitable substitutes
for silica sand in RPC [3-5].

The primary focus of this study was on the compressive
strength of reactive powder concrete (RPC) incorporating
waste materials, with the aim of identifying a mixture design
that maximizes the utilization of such by-products. In the
experimental program, 50% and 75% of the silica sand were
replaced, in one case solely with granite waste and in another
case with a combined mixture of granite and porcelain
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ceramic wastes. In addition, silica fume, as one of the most
critical constituents in RPC production, was incorporated at
two different dosage levels with a 50% variation between the
investigated mix designs.

2- Materials and Methods

Portland cement Type I, microsilica, silica sand, granite
waste powder, and porcelain ceramic waste were used in this
study. Granite waste was collected from stone-cutting sludge,
dried, crushed, and sieved to achieve the desired particle
size distribution. Porcelain ceramic waste was obtained from
discarded tiles and mechanically crushed into fine particles. A
polycarboxylate-based high-range water-reducing admixture
was employed to ensure adequate workability. Mixing was
performed using a high-speed mixer following a staged
procedure to achieve homogeneous dispersion. All specimens
were steam-cured at 95°C after demolding. Compressive
strength tests were conducted according to ASTM C109,
while flexural strength tests were performed using the three-
point bending method in accordance with ASTM C78.

In total, eight concrete mixture designs were prepared.
One mixture served as the control specimen, while the
remaining mixtures were developed by partially replacing
silica sand with waste-derived aggregates.

In all mix designs, the water-to-cementitious materials
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ratio (W/CM) was kept constant at 20%, and the dosage of the
super plasticizer (SP) was fixed at 2% by weight of cement.
Silica fume was incorporated at two dosage levels of 12.5%
and 25% by weight of cement. Moreover, silica sand was
partially replaced with granite waste powder at replacement
levels of 50% and 75%. In the hybrid mixtures, porcelain
ceramic waste was used to replace 50% of the granite waste
powder.

3- Results and Discussion

Figure 1 presents a comparison of the 28-day compressive
strength of selected RPC mixtures. Most mixtures containing
granite waste powder or combined granite—porcelain waste
exhibited higher compressive strength than the control
mixture.

Thehighest compressive strength was observed in mixtures
containing combined wastes, which can be attributed to the
angular shape of ceramic particles, their low water absorption,
and improved particle interlocking. Flexural strength results
showed similar trends, indicating enhanced crack resistance
and improved load transfer mechanisms in waste-containing
mixtures. Reducing microsilica content did not significantly
compromise strength in mixtures incorporating combined
wastes, highlighting the efficiency of ceramic particles in
enhancing mechanical performance.

Also the results showed that when 50% of the silica
sand was replaced solely with granite waste, the specimens
containing the lower silica fume content (12.5%) consistently
exhibited higher compressive strength than those with
the higher silica fume content (25%) at all curing ages up
to 28 days. This trend, however, was not observed when
the replacement level increased to 75% of the silica sand.
Nevertheless, in the case of 75% replacement of silica sand
with granite waste alone, the compressive strength remained
higher than that of the control mixture throughout the entire
curing period up to 28 days.

Moreover, for mixtures with 50% replacement of silica
sand by granite waste and 12.5% silica fume, the compressive
strength exceeded that of the control mixture at all ages up to
28 days, whereas for mixtures containing 25% silica fume,
the compressive strength surpassed that of the control only
after 14 days of curing.

In the case of combined waste utilization (Figures 9¢ and
9d), different trends were observed. At a 50% replacement
level, the mixture containing 25% silica fume exhibited
higher compressive strength throughout the curing period up
to 28 days, while at a 75% replacement level, the mixture
incorporating 12.5% silica fume demonstrated superior
compressive strength. This behavior can be attributed to the
increased proportion of angular porcelain ceramic particles,
which enhanced particle interlocking and load transfer within
the concrete matrix.

In the case of using combined waste materials at a
replacement level of 75% of the silica sand, reducing the
silica fume content by 50% did not lead to any reduction in the
achieved compressive strength enhancement. This outcome
can be regarded as one of the most significant findings of the
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Fig. 1. Comparison of 28-day compressive strengths

present study.

Compared with the mixtures incorporating only granite
waste, this behavior can be reasonably explained by the
distinctive characteristics of the porcelain ceramic particles.
Specifically, their pronounced angularity and considerably
lower water absorption appear to play a dominant role in
maintaining the compressive strength, even at reduced silica
fume contents.

4- Economic Evaluation

An economic assessment was conducted based on local
market prices of raw materials. Silica sand was found to
be significantly more expensive than granite waste and
porcelain ceramic waste. Replacing 50% and 75% of
silica sand with granite waste resulted in cost reductions
of approximately 46% and 70%, respectively. Combined
waste mixtures achieved cost savings ranging from
37% to 56%, while maintaining acceptable mechanical
properties. Additionally, reducing microsilica content
further decreased the overall production cost of RPC.

5- Conclusion

The results of this study confirm that granite waste powder
andporcelain ceramic waste canbe effectivelyutilized as partial
replacements for silica sand in Reactive Powder Concrete.
Combined waste mixtures demonstrated superior compressive
and flexural performance, even at high replacement levels
and reduced microsilica content. The proposed approach not
only enhances mechanical performance but also significantly
reduces material cost and environmental impact. Therefore,
the sustainable production of RPC using industrial wastes
is both technically feasible and economically attractive.
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Table 1. Chemical analysis of used materials.
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Fig. 1. Granulation curve of consumable materials.
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Table 2. Physical properties of micro silica
005‘4’“’ c.‘a.w gii) )L'.'..&Lw o')’.” Qli> kg/m\“ Qli}
RN RPN g E8 g0l YIY V.- Y-
omtlirg o =F =Y =¥ Ologes =Y =) =¥

o Olin adygel e (Sl (39 Y Js &) rliog So
Y5 STy dgmp el & cosl RPC wdgi )3 oo sl ol
[0V-¥4] 55 o
Olrl uleogyd GBI 50 3o ol )0 (pae ulig ) See
ASTM- 3l b Jgame ol [FV] sl 03 wgs (IFC)
S ool [OV] b odlitl los 4 (339381 G lgie 4 C1240

ol 04 i ¥ Jsd> 50 g oy

018 gy il —0 =) =Y
Sika ViscoCrete) )V Suw oS olg, ol 51 Guios ol )

el g adlie Mo g (5 Gl (958 pgw Ju j &5 (-5T10 IR
ASTM L llae 3)5 o SYob Sde (sly oy (o)l8 Laas 5 50158
b g M8 Ly sty 005 oy ol ) [OV] s odlizsl C494
Gl 859> 5l 58 b (52938l ol il 1 g 0SS VN IS
Gl gl col (g cbJsse lis cailos sbyl 5 oxdaw

yova

dl.eghol uLoM: 15,8 YYe-) G Ay ul‘"““’ 5! R O:"l 5
Jde ol s eolanwl [FA] ASTM C150 »5jlsikewl b slles [¥Y]
Codgiome oS olals > eges Cjgo a4 ol g i )8 )0 o

Lot gdwlo =Y =) =Y
A5 odlatnl 008y leie 4 Yl Casgf e b o pudiw (sdwle
3985 [FF] Cawl Sgpun 83 5l Guins ol 3 (Spuas biw (dwlo
o Sy 5% il ol LB 2l 55 53T g e 0y
oyl &l B o olewd a5 5l i (sdule ol Sdxe 0dle
lolams 31y o (gl amsiad gl 58Ty lge 551 o8
Ol 2 aS was clon 9 Ol b YL ol dlge (520 40 (58,5 )5 L
oo (59 AS oo Jlos] g o 55 b 0dyg3 Canl S 303 dlge
Olgls ol alas o8 el ) el (stulo (slacuze g Lo Sy 05

ol Gl ol 4w yiand g



V045 B VOVY dsmio VFF Jlo A oyled DV (S pual ol pos  owdize s pi

LPY] (Solo g (Kol s g w5 j 3 (Siio Cudl 5 S CaneS ¥ Jgu>

Table 3. Quality of Natanz black granite in terms of physical and mechanical properties.
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Table 4. Amount of materials used in each mixing plan.
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Fig. 2. Formworks used.
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Fig. 3. Steam generation tank.
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Fig. 5. Compressive strength testing device.
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Table 5. Compressive and flexural strength test results of the samples.
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Fig. 6. Compressive strength test results of the samples.
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Fig. 7. Effect of granite waste consumption on compressive strength.

VD a3ele Glojan 5 (ralers Seo (lise S slS b (g
5 Oleww ggeome (g Jl 38 AWl Glsie |y £9850 cpl U
andld logw dlga 4y O s 05 03938 paimads g udiwg Suo

13 Canglin ialsEl Kg) o3 g o ESG pmizmen Y S 5>
ol (58l Bies Yl dan Gl Ngy opl ol 5o, YA L (loj (b
odd atwls ovie caud VD @ B¢ 5l 00l do s il L S
ORIBI L) b e ol Olgie 39290 @2l olul 2 (izren
[¥0] Cadls Lasyo Il

N g e

S b dgei (5l Cuglie Sl glalbged A S 5
5 YD (ggls Bges datwd gd ;0 ilie e 0 Sy Oluls
ol 0 0313 LS uaslan ;Ko VY/0

Gged ) 45 03 GlF o B ol g A JSS 53 pole qwp L
Slols jlodlisel el alie pa 5l Gile GudwgSee ol sl
)lid Conglio 2l38l )0 gyt il 200 3ols sy e sl S
4 el S Gluls ookl el b aulio b 1505 (gom 5l ol ansh
oMy 5 sl Sluls 51 e jon Bolasinl a8 244 0 asuie ¢ slaS
al38)) conl 039 350 RPC (5)Li8 cuoglin o (g yndes slon (oo &

Gho ¥ Gl b duolds (o clls cpl o (g)lid Cuwglie (o> Y

Ol 363 1y Cuoglie oy i oy V o S12G37P37 £ )b
lgler Joloe 51 <G b die 50 Jles 55 asldl 43 . odls
5 € Muy Olulod & Muy 5 cullS Glols oS p» «ell s

(8,5 anlgd 418 5 385 (qw)y 2)90 (5L Cuaglie K el Sio?

b Caoglin p ol )S Slals il —) -y -y

Bges ()l Cunglio oS Sluls Gyan olime ;3 Y US54
ALod 93y Cpitmed iUl ol ol o3l L Glisee yiw 5o b
sanlive b8 JSi5 ol 53 GpudenwgySoe YD ¢ ZAV/D (sl (sl diges
Ll

oMo & Joior 9V S5 )3 0jg) YA (5Lt Cunglio Slas] g b
gt dusle (sl 4 il S Sl 200 (gl (sl g0 oS 95 o0
Oisliel pl il oy olaisl o a1y (ylid Cuoglio yinl38l oy i
sl Dgas (sl g LY 29 1> Lpurlesg S AYD (ol Wiged gl
XD (gl sl 4g03) Jgl domits Camsl 0392 AV uadaang ;S Z3V/0
dons S YV Conl ol 0dnline b dtdlS Clidss ) (ualiws ySuo
35 g BBl 51 (Omlg)Seo AAVID (55l sl digad) pd
s ogain g 3 lsian | Cuaglio (l3él ol s sl 20
3 ol 25 g Ll OB Caglie 5 5wy, plas oYL
sla dgei > AVD a4 00l 3Kl aop GRlEI L &Sl Jls

0390 AV Loyl (g)Lid Comglitn alidl doyd yidey (usliws S g5l

VoAl



AR
0
o35, ¥ o5, ¥ o9, V¥ 035, YA
——@=—S525G00P00 --®-- S25G25P25 S25G37P37

l

059, ¥ o5,V STIRA o9, YA

=—@—525GO0P00  --®-- S12G25P25 S$12G37P37

LSy Cuoglin p oS 5 Olasls B puan (yliwe il LA JSUS

Fig. 8. Effect of mixed waste consumption rate on compressive strength.
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Fig. 11. Results of flexural strength test of samples.
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Table 6. Values of modulus of rupture and its ratio to compressive strength and root of
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