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Sieve number (micron) Cumulative weight percentage

of the residue on the sieve

Tray

250

355 -
500 <2
710 10-25
1000 55-75
1410 5-15
2800 <1

Table 1. Sand grading

SFNSS e anle (S35 5 sbed Olaseia Y Jyde
Chemical properties

Amount (percentage)

Sio2 97.5
Al203 0.95
Fe203 0.85
CaOo 0.27
Na20 0.24
K20 0.02
Physycal properties Amount (percentage)
Corner coefficient <13
Density 2.62
Colour Yellowish white color
Zinter point >1400
Table 2. Chemical and physical characteristics of quartz silica
sand
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Sieve number (micron) Sieve number (micron)
Tray >05
250 2-5
355 -
500 -
710 -
1000 -
1410 -
2800 -

Age 2hours 1day 3day

Percentage of pozzolanic activity ~ 3.16 5.85 100

Table 5. Grading and pozzolanic activity of microsilica against
lime
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(23] DIN 1164 5,l5kul) Olares S 38 Sloascin ¥ g

Physical properties DIN official
profile
Softness Blaine (surface) 3006 Min= 2800
(cm?/gr)
Minutes, first 155 Min= 45
minute, end 210 Min=6
consuming water 27 -
Autoclave expansion (%) 0.085 Max= 0.8
Compressive strength 3-days 19 Min=10
(MPa) 7-days 29.5 Min=17.5
28-days 46.1 Min=31.5
Flexural strength 3-days 4.7 -
(MPa) 7-days 6.6 -
28-days 8.5 -
7-day hydration heat (Cal/gr) 6 Max= 7

Table 3. Physical properties of cement (DIN 1164 [23])

([24]1SIR 389 5 lultsl) Ologes gloand Cliasein £ J g
Results (%)

Chemical properties ISIR official profile

L.O.l 0.55 Max= 3 %
IR 0.41 Max=0.75 %
Si20 291 Max=2 %
Al203 5.05 Max= 6 %
Fe203 4.45 Max=6 %
CaO 62.15 -
MgO 2.27 Max=5 %
So3 2.19 Max=3 %
Na20 0.31 -
K20 0.63
C3s 39.3
Cc2s 34.39 -
C3A 5.85 Max= 8 %
CAAF 13.54 -
Free CaO 0.67 -
Cl- 0.007 -

Table 4. Chemical properties of cement (ISIR 389 [24])
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Fig. 1. Different types of steel fibers (groups 1, 2, and 3) with
different specifications for making RPC samples
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Fiber group Brand  Length Diameter Lengthto  Relative  Surface Ultimate Weight
(Type) (mm) (mm) diameter  elongation  coating  tensile strength  (numbers
ratio (%) (MPa) in kilos)
Small diameter SFRC- 35 0.4 87.5 <2 Without 2470 21700
group 1 fibers ECR2338 covers
(Type 1)
Medium SFRC- 35 0.6 58.33 <3 Copper 1700 9670
diameter group2 ECR2336
fibers (Type 2)
Large diameter SFRC- 35 0.8 43.75 <3 Copper 1200 5439

group 3 fibers ECR2338
(Type 3)

Table 6. Physical characteristics of different steel fibers used in RPC samples
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Consumables Unit compared to Weight
cement consumption (kg)
Type 1 portland cement of 1 100
Nizar Qom company
Quartz silica sand with code 144 144
D1
Silas powder with code 151 0.356 26
microsilica (micronized) 0.25 26
Steel fibers from Irfan - 2
company
Sika super lubricant based 0.065 2 Liter
on polycarboxylate
Drinking water with W/C 0.225 22.5 Liter
ratio
Table 7. Percentage and weight of materials used to produce

RPC samples
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Fig. 4. Bending strength test on RPC concrete beam
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Abstract

Reactive powder concrete (RPC) is one of the ultra-high strength concretes with superior mechanical
properties, which is made using cement and very fine powder materials such as quartz sand, microsilica, low
amounts of water-cement ratio, super-lubricant and steel fibers. The main role of steel fibers in such concrete
is actually a type of composite that has proper integrity and continuity and enables the use of concrete as a
flexible material. The present study aimed to evaluate the effect of using different types of industrial steel
fibers with different length (diameter) and percentages on the strength properties of RPC and to determine a
series of experimental relationships for their estimation. To this end, by preparing three types of steel fibers
with small diameters (group 1), medium (group 2) and large (group 3) and making a number of RPC samples
using indigenous and common mineral materials, the strength characteristics of this type of concrete include
compressive, bending and tensile strengths were determined at different ages. To investigate the effect of
curing time as well as the diameter and percentage of steel fibers on the compressive strength of RPC, a total
of 39 samples + 1 sample without fibers (control concrete) containing 1 to 5% of large steel fibers (with
diameter of 0.8 mm), medium (with diameter of 0.6 mm) and small (with diameter of 0.4 mm) were made
and their compressive strength was determined at different ages. In addition, to determine the bending and
tensile strengths of RPC samples, a total of 18 standard RPC beam and cylindrical samples containing
different percentages of medium diameter steel fibers were made. After these samples were cured, their 28-
day strength was evaluated in comparison with the control samples. The results of compressive strength tests
showed that by increase in the curing age, the strength of RPC increases in compared with the control sample
(without fibers). The results of compressive strength tests showed that by reduce in the diameter of steel
fibers, the 28-day compressive strength of RPC samples increased significantly and was determined to 423.5
MPa. In compared with the control sample (without fibers), the compressive strength is associated with a
growth of 29.11%. Also, the optimal amount of medium steel fibers to achieve RPC with the highest strength
was determined to be 2%. The results of flexural strength tests showed that 2% of group 1 steel fibers (with
small diameter) and group 2 (with medium diameter) and 3% of group 3 steel fibers (with large diameter) as
the optimal percentage of steel fibers to reach the maximum flexural strength in RPC. Therefore, the 28-day
flexural strength of RPC samples containing 2%, 2%, and 3% of steel fibers of groups 1, 2, and 3,
respectively, was equal to 40.9, 44.6, and 39.1 MPa. The highest tensile strength of RPC samples containing
1%, 2%, and 3% of steel fibers of groups 1, 2, and 3 compared to the control sample, was associated with a
growth of 61.25%, 66.42%, and 68.21%, respectively. Also, the results of the tensile strength tests showed
that the addition of group 2 steel fibers (medium) compared to the other two groups (small and large), had a
greater impact on the growth percentage of tensile strength of RPC samples.

Keywords: Reactive powder concrete (RPC), Industrial steel fibers, Strength characteristics, Experimental
tests.
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