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Effect of Volume Fraction of Fibers on the Mechanical Properties of
a Lightweight Aggregate Concrete Reinforced with Polypropylene Fibers

Haeng-Ki Lee"* and Su-Yong Song”
“Dept. of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Korea

ABSTRACT This paper presents results of an experimental study conducted to investigate the effect of volume fraction of
fibers on the mechanical properties of a fiber-reinforced, lightweight aggregate concrete(FRLAC) that was produced without an
autoclave process. The FRLAC enhanced the strength of lightweight, cellular concrete by adding polypropylene fibers and
lightweight aggregates. To investigate the effect of volume fraction of fibers on the mechanical behavior of FRLAC and to
determine the optimal volume fraction of fibers, a series of compression and flexural strength tests on FRLAC specimens with
various fiber volume fractions(0%, 0.10%, 0.25%, 0.50%) were conducted. It was observed from the tests that a 0.25% volume
fraction of fibers maximized the increase in the strength of FRLAC and the fibers controlled cracking in FRLAC.

Keywords lightweight aggregate concrete, foam agent, optimal volume fraction of fibers, compressive strength and flexural

strength tests, fiber reinforcing effect
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Table 1 Mix proportion (Unit: kg/m®)
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Table 2 The measured density, compressive strength, modulus of
elasticity, and Poisson's ratio of the FRLAC specimens

Mix Water |Cement Fine | Coarse Fibers | Admixture
no. agg. agg. |(volume fraction)
F1 |144.8| 420 275 220 - 0.880

F2 |144.8} 420 275 220 {0.910(0.10 %); 0.880

F3 |144.8| 420 275 220 {2.275(0.25 %)| 0.880

F4 |144.8] 420 275 220 4.550 (0.50 %) 0.880

Mix |Specimen| Density Compressive Modu!u§ of Poisson's
no. no. (kg/m®) stength | - elasticty ratio
(MPa) (MPa)
1 1,050 5.01 5,456 0.19
2 1,110 4.08 5,754 0.20
- 3 1,090 6.01 6,017 0.21
4 1,110 5.74 5,799 0.20
5 1,070 5.52 5,915 0.20
Average | 1,086 5.27 5,788 0.20
1 - - - -
2 1,100 6.26 4,946 0.18
B 3 1,070 590 4,528 0.21
4 1,100 5.98 6,579 0.23
5 1,110 6.40 5,012 0.19
Average | 1,095 6.14 5,266 0.20
1 1,110 11.47 6,475 0.21
2 1,090 9.79 5,843 0.18
F3 3 1,120 11.68 6,345 0.20
4 1,080 11.18 6,001 0.18
5 1,050 9.98 5,963 0.19
Average | 1,090 10.82 6,125 0.19
1 1,060 6.05 4,735 0.17
2 1,060 6.08 4,466 0.17
F4 3 1,060 5.96 4,492 0.17
4 1,070 5.50 5,816 0.24
5 1,070 6.51 4,730 0.13
Average | 1,064 6.02 4,848 0.18
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32&EZUZAIE Table 3 The measured peak load, energy absorbed and modulus
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7= A" A W AA 2 B8 gu|= ASTM Mix | Specimen Peak load Energy Modulus of
C 78 FHY 2 KS F 2408 +4%I 2AsA, 542 no. L 10%‘?5 ab;";bsef@ mp“;rz(g@a)
A HEL x « 3712 71z s . .
2 A SR AR A e T T A
© oH A 3 10,806 3.035 1.38
Fig. 2= UTMe I3 = Ad8 IAAZ A8 E5S Fl 4 14,000 4419 1.82
YR glew, AE Wy A AL U 5 AR A 5 12,938 3.192 1.66
32 Lees}t Song3)°ﬂ 270 HAJTh FAAEC] HId] = Average 11,092 3.408 1.53
galy) Aol T4 FoUA g sEad 2A 1 10,885 3.291 141
o] oty WAL A I 5 YU} 2 9,738 3.314 1.26
FRLAC A 2 /158448 WmAgeld 28 g | 777 | 295 126
4 10,228 3.268 1.31
5 8,777 2.618 1.14
Average 9,881 3.089 1.28
1 7,620 2.200 1.04
2 8,581 2.831 1.13
3 3 8,630 2.595 1.15
4 8,689 2.692 1.12
5 8,718 2.977 1.19
Average 8,448 2.659 1.13
1 8,904 2.565 1.23
2 7,247 1.986 1.02
4 3 , 8,228 1.831 1.13
4 8,826 2.843 1.26
N 5 8,748 2.676 124
Fig. 2 Prism specimen for a flexural strength test Average 8,391 2.380 118
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Fig. 3 Load-deflection curves of the FRLAC specimens during the flexural strength test
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Fig. 4 Failed specimen after the compression test

(c) F3 specimen

Fig. 5 Failed specimens after the flexural strength test
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Fig. 6 SEM images of cracked surface of FRLAC(O 25% of
volume fraction of fibers, see also lee and song®
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Fig. 7 Compressive strength vs. volume fraction of fibers
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Fig. 8 Modulus of elasticity vs. volume fraction of fibers
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Fig. 9 Poisson's ratio vs. volume fraction of fibers
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Fig. 10 Modulus of rupture vs. volume fraction of fibers
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