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1 High Performance Fiber Reinforced Cementitious
Composites (HPFRCC)

3Y


mailto:dalvand.a@lu.ac.ir

O 5 L Jls da

Silasl S [A7] ACH 544wl sl 5o 4l
S sl sl Caslie Ll sl 1ok &5
035 O3l 5 Sl s w mlesT ol ol osls slgiey
Sielosl cpl 5l ool s w0 slaesls 353 oo eslizal [l
Cws ao slaosly i ol ool Sasl, slls Uk
1X0 51 S 50 Ol i o i hls Lilasl cpl 5l el
55 a3l 5l ol 3 g ge bl slassls 2ty .o
slaesls [18-22] ol LI slaps o g 55 O
| B { IO SO S | I O P S S |
=02 0= 3 id 552 5o HPFRCC slacy  5.0l8
il § om0 S s Gl s s, L]

ey o B A (G 0

Ll s S G Jsene n L2288 anslis Y IS
4

Strain hardening
Multiple cracking e

HPFRCC

/I

Tensile Stress

FRC

/

] Normal
—> Concrete

>

Strain,Deformation

Fig. 1. Comparison of tensile behavior of normal
concrete, fiber reinforced concrete and high performance
concrete
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Specimen Compressive Strength (MPa)
No.
HP-0.5 HP-0.75 HP-1
1 48.88 53.83 53.99
2 49.09 54.03 57.65
3 46.75 51 53.63
4 45.7 51.94 55.13
5 45.03 51.64 52.99
6 47.81 45.98 64.7
7 45.41 55.01 51.44
8 47.21 47.2 49.14
9 47.81 51.2 45.58
10 45.75 47.74 61.02
11 43.46 50.29 61.9
12 45.83 48.64 52.88
13 48.15 49.37 58.15
14 45.42 46.34 54.34
15 41.52 53.42 48.98
16 46.14 56.35 57.89
17 43.36 42.5 54.81
18 43.15 48.66 55.47
19 51.02 48.06 57.52
20 45.45 49.88 59.72
Mean(MPa) 46.14 50.15 55.34
SD(MPa) 2.28 3.42 4.66
CoV(%) 4.96 6.83 8.42

Table 3. Compressive strength test results

1 normally distributed
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Length(mm) Diameter(mm) Color  Tensile  Density(Kg/

strength m3)
(MPa)
12 0.018 white 800 910

Table 1. physical properties of fibers

Lo gas LY = b Y guter

Label (water ) Cement PP Fine SP
Cement (kg )  Fibers agg (xg )
m?® (% ) (ki) m?
m
HP-0.5 0.38 980 0.5 980 3
HP-0.75 0.38 980 0.75 980 3
HP-1.00 0.38 980 1 980 3

Table 2. Mix proportions of the concrete mixtures
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Fig. 4. Flexural test machine and spéciments
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Specimen Modulus of rupture (MPa)
No.

HP-0.5 HP-0.75 Hp-1
1 4.70 5.27 6.11
2 4.80 5.13 6.88
3 5.64 5.60 5.89
4 4.35 5.02 6.58
5 441 5.11 5.74
6 5.21 4.71 6.39
7 4.67 431 6.84
8 4.27 5.51 6.20
9 5.38 5.59 5.74
10 3.88 4.94 6.78
11 4.86 4.56 6.20
12 5.29 4.32 7.14
13 5.11 5.83 6.53
14 4.69 5.32 4.85
15 5.11 5.37 6.27
16 4.99 5.02 6.43
17 5.04 6.11 6.11
18 5.23 4.82 7.31
19 4.59 5.22 5.48
20 4.49 5.00 5.35
Mean(MPa)  4.83 5.14 6.24
SD(MPa) 0.43 0.46 0.61
CoV(%) 8.94 9.08 9.88

Table 4. flexural strength for three groups
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Fig. 3. Distribution of compressive strength test results
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Abstract:

High-performance concrete (HPC) is an improved version of normal concrete, in term of properties and
constructability. Normal and special materials are used to make these specially designed concretes that must
meet a combination of performance requirements. Special mixing, placing, and curing practices may be
needed to produce and handle high-performance concrete. Extensive performance tests are usually required
to demonstrate compliance with specific project needs (ASCE 1993, Russell 1999, and Bickley and Mitchell
2001). High-performance concretes are made with carefully selected high-quality ingredients and optimized
mixture designs; these are batched, mixed, placed, compacted and cured to the highest industry standards.
Typically, such concretes will have a low water-cementing materials ratio of 0.20 to 0.45. Plasticizers are
usually used to make these concretes fluid and workable. High-performance concrete (HPC) has been
primarily used in tunnels, bridges, and tall buildings for its strength, durability, and high modulus of
elasticity. They are placed in a class of fiber cement composites with fine aggregates that exhibit tensile
strain hardening response under uni-axial loading. These materials are characterized by pseudo-ductile
tensile strain hardening behavior and multiple cracking prior to failure. This figure emphasizes the transition
from brittle concrete to quasi-brittle FRC (strain softening behavior after first cracking) to ductile HPFRCC
with strain hardening behavior after first cracking. In recent years, a new class of HPFRCC has emerged as
ECC. Engineered Cementitious Composite (ECC) has been developed in University of Michigan, which had
a typical moderate tensile strength of 4-6 MPa and ductility of 3-5%. Since there is not enough available
information to give mechanical characteristics and also to calculate the mean, standard deviation and
coefficient of variation, some statistical evaluations are necessary to obtain accurate results of the effect of
inclusion of PP fiber on absorbed energy and impact resistance of concrete. Concrete is a heterogeneous
material, and that is why results obtained from several tests are often significantly scattered. There is a little
guantitative statistical data on the effect of PP fiber on compressive, flexural strength of HPC in the other
researches; therefore, the necessity to study the mentioned parameters while using the PP fiber is felt.
Obtained data were statistically analyzed. 240 concrete specimens were prepared in three groups with
different mix designs, containing 0.5, 0.75 and 1 percent of PP fibers. Twenty 100x100x100mm cubic
specimens, twenty 320x80x60mm beam specimens and forty150x64mm discs were cast from each mixture.
Cubic specimens were used to determine the compressive strength, beam specimens were tested to obtain
flexural strength and cylindrical cutting specimens (discs) were subjected to the drop-weight test following
the ACI committee 544 to determine impact strength of mixed concretes. Statistical analysis performed
based on these experimental tests showed that in comparison with data of impact strength, data of
mechanical properties is less dispersed. Also while increasing the percentage of fibers, data dispersion
increases. According to results of compressive strength test on cubic specimens, adding fibers to specimens
increased the coefficient of variations of compressive strength. The coefficient of variations of compressive
strength for HPFRCC was increased from 4.96 % to 8.42 %. Also Statistical data for flexural strength are
almost normally distributed. Mean flexural strength in HP-1 group (1% fiber) was 6.24 MPa, which is 29 %
and 21 % more than HP-0.5 group (0.5 % fiber) and HP-0.75 group (0.75 % fiber), respectively. HP-1
group's coefficient of variation is 9.88% which is 11% and 8% more than the same parameter in HP-0.5 and
HP-0.75 groups, respectively.

Keywords: High-performance concrete, Statistical data, Impact behavior, Flexural strength.
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