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Study on the Strength Characteristics and Flexural Toughness of
Steel Fiber Reinforced Polymer Concrete
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ABSTRACT

The use of steel fiber reinforced to improve the strength and flexural toughness of
concrete is well known, but reinforcement of polymer concrete with steel fibers has been
hardly reported till now. Polymer concrete has high strength, durability and freeze-thaw
resistance than that of cement concrete, but it has disadvantage such as low flexural
toughness. In this paper, the strength characteristics and flexural toughness of steel
fiber reinforced polymer concrete are investigated experimentally with various steel fiber
aspect ratios( ¢/d). and contents(vol.%).

As the result. the flexural and splitting tensile strengths and flexural toughness were
increased remarkably as steel fiber content were increased. The strengths increase with
raising aspect ratio, and reach the maximums at a aspect ratio of 50. The relationship

between the compressive, flexural and splitting tensile strength were high. And the

relationship between flexural strength and strain energy was approximately linear.

Keywords : polymer concrete, steel fiber, aspect ratio, strength, toughness
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Table 1 Properties of unsaturated polyester resin

Specific Vmcosny Acid | Styrene
%rZaOv%jty (20C, mPa- s) | value co(n%’e)nt
1.12£0.02 412 24 38
2.1.2 1A 2 =4
FANZA = T2 tdF(heavy calcium
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Table 2 Physical properties of filler and aggregate

. Specific . .
Size .| Absorption| Organic
{mm) g(rZaE)Vé:t)y (%) impurities
Filler {2.5x107| 2.75 0.1 Nil
agime ol =5 | 2.60 0.1 Nil
amarse | 5710 | 262 0.1 Nil
2.1.3 4%

¥ A%l A8 FHRE FU CAle) AE

omx AARAMHoz AxH Gt Hookd ol
o, AHgE 2R FF 2 BIA 4ae
Table 33 #v}.
Table 3 Physical properties of steel fiber
. Aspect| Tensile Modulus of
L((:it)h Dl(ann];ie]t)er ratio | strength elaﬁsticity?
(¢/d) | (kgt/cm®) | (x10°kaf/cm®)
0.5 60
30 0.7 43 10,646 2.9
0.9 33
0.5 72
36 0.7 51 10,646 2.9
0.9 40
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Table 4 Mix proportions of steel fiber reinforced polymer
concrete

- : >
Fiber Mix proportion (wt.%)

content

; . Coarse Fine Steel
(vol.%) |Binder| Filler aggregate|aggregate| fiber

0 30.80 46.20 0
1.0 11.56 111.5| 29.46 44.20 | 3.34
2.0 28.19 42.29 | 6.52
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Fig. 1 Schematic sketch of flexural toughness test
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Table 5 Results of various strength tests (Unit : kgffem®)

wix o, (Coressive| Flexural | tensile
Control 901.3 201.4 100.2
30/0.5-1 954.7 225.1 121.4
30/0.5-2 966.6 242.9 138.5
30/0.7-1 968.8 231.5 129.8
30/0.7-2 1015.9 253.8 150.2
30/0.9-1 946.1 229.3 121.2
30/0.9-2 1004.1 2441 137.9
36/0.5-1 965.1 228.6 124.8
36/0.5-2 984.8 243.2 141.4
36/0.7-1 971.7 235.2 130.2
36/0.7-2 1022.3 255.4 150.6
36/0.9-1 953.9 233.2 124.6
36/0.9-2 1004.0 249.6 144.8

Fig. 3 Failure mode of splitting tensile test specimen
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Table 6 Test results of various strength as a function of

aspect ratio (kgt/cm?)
. N Splitting
Compressive Flexural ¢
Aspect ; tensile
ratio strength strength strength
(¢/d) 1 1 2
vol.% | vol.% |vol.% |vol.% |vol.% |vol. %
33 946.1(1004.1,229.31244.1|121.2(137.9
(100) | (106) [(100)|(106)|(100)|(114)
40 953.911004.01233.2{249.6|124.6|144.8
(100) | (105) {(100) (107} |(100)|(116)
43 968.81015.9(231.5{253.8{129.8|150.2
(100) | (105) {(100)](109)|(100)|(116)
51 971.711022.31235.2|255.4|130.2(150.6
(100) | (105) [(100)](109)|(100)|(116)
60 954.7 | 966.6 |225.1(242.9|121.4|138.5
(100) | (101) [(100)|(108)|(100)|(114)
79 965.1 | 984.8 [228.6(243.2/124.8|141.4
(100) | (102) [(100)[(106)](100)|(113)

) Increasing percentage
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Table 7 Computated strength ratio among
compressivel(fc), splitting tensile(fy),
and flexural strength(fs)

Mix no. fi/fe fu/fe fi/fn
Control 0.11 0.22 0.50
30/0.5-1 0.13 0.24 0.54
30/0.5-2 0.14 0.25 0.57
30/0.7-1 0.13 0.24 0.56
30/0.7-2 0.15 0.25 0.60
30/0.9-1 0.13 0.24 0.53
30/0.9-2 0.14 0.24 0.57
36/0.5-1 0.13 0.24 0.55
36/0.5-2 0.14 0.25 0.59
36/0.7-1 0.13 0.24 0.56
36/0.7-2 0.15 0.25 0.59
36/0.9-1 0.13 0.24 0.54
36/0.9-2 0.15 0.25 0.59
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Fig. 8 Load-deflection curves for SFRPC with 30mm, 36mm
steel fiber, respectively.
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Table 8 Intial cracking load and central deflection

Intial Intial

ki Central K Central
Mix no. cracking deflection||Mix no. cracking deflection
load load
® (mm) © (mm)

Contorl| 4.43 0.49 - - -
30/0.51) 5.01 0.52 |3%051| 5.08 0.58
30/0.52| 5.40 0.54 [36052| 5.40 0.64
30/0.7-1] 5.12 0.53 |360.71| 5.20 0.59
30/0.7-2| 5.64 0.59 |[360.7-2| 5.72 0.74
30/09-1] 5.09 0.46 |3%091]| 5.18 0.63
30/0.9-2] 5.40 0.65 36092 5.54 0.68
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Table 9 Calculated results of flexural toughness index

Flexural Flexural
toughness toughness
Mix no. index Mix no. index

Is | Iwo | l20 Is | Tho | 120
30/0.5-1 |2.50]3.13|3.66| 36/0.5-1 |2.52|3.21{3.72
30/0.5-2 [2.94/4.22|5.39( 36/0.5-22.99(4.24|5.46
30/0.7-1 |3.02{4.08/4.79|| 36/0.7-113.1114.11]|4.98
30/0.7-2 13.44|4.96/6.68| 36/0.7-2 |3.60|5.04|6.87
30/0.9-1 |2.89{3.74|4.40| 36/0.9-1 [2.90|3.77|4.49
30/0.9-2 |3.32(4.60(6.08] 36/0.9-213.34{4.60{6.19
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Table 10 Values of toughness indices®

Index Deflection | Plain [Elastic-plastic
designation| criterion |concrete material
Is 36 1 5
Io 558 1 10
Iz0 10.5¢8 1 20
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Table 11 Strain energy for deflection of 1% of beam span
(Unit : kg - cm)

Strain energy Strain energy

Mix no. 1 9 Mix no. 1 5
vol.% | vol.% vol.% | vol.%

30/0.5| 114 280 | 36/0.5 | 144 348
30/0.7| 174 414 | 36/0.7 | 2186 496
30/0.9 | 117 300 § 36/0.9 | 181 440

Strain energy (kg - cm)

0 10 20
Fiber content{vol %)

Fig. 9 Effect of steel fiber content on strain energy
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10 Relationship between strain eriergy and flexural
strength
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Table 12 Residual strength factor of SFRPC

Residual Residual
i strength . strength
Mix no. factor Mix no. factor
Rs10 | Rio.2o Rs.10 | Rinzo

30/0.5-1] 12.6 | 5.3 [36/0.5-1| 13.8 5.6
30/0.5-2| 25.6 | 11.7 36/0.5-2| 25.0 | 12.2
30/0.7-1| 21.2 | 7.1 |36/0.7-1| 20.0 8.7
30/0.7-2| 30.4 | 17.2 |36/0.7-2| 30.8 | 18.0
30/0.9-1] 17.0 | 6.6 [36/0.9-1| 17.4 7.2
30/0.9-2| 25.6 | 14.8 [36/0.9-2| 25.2 | 15.9
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