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ABSTRACT

PURPOSES : As pavement generally provides service shorter than an expected life cycle, maintenance cost increases gradually. In order to
help extending the service life and reduce maintenance cost, a new multi-functional composite pavement system is being developed in Korea.

METHODS : This study is a part to develop the multi-functional composite pavement and is to investigate the mechanical performances of
fiber-reinforced lean concrete for pavement subbase. The inherent problem of fiber reinforced concrete is dispersion of fibers in concrete mix.
This study additionally evaluated fiber dispersion characteristics with respect to different fiber types.

RESULTS : From the test results, the compressive strengths of the concretes satisfied the required limit of 5MPa at 7days. The standard
deviation of the measured number of fibers were lower in the order of nylon, steel fiber and polypropylene.

CONCLUSIONS : Reject ash was shown to be satisfactory as a replacement material to Portland cement in lean concrete base. The fiber
volume fraction is suggested to be 0.4% even though the fracture toughness did not vary significantly with respect to fiber types. However,
fracture energy absorbed up to complete failure increased with the increased fiber volume fraction increment.
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Table 1. Design of Experimental Factors

Factors Levels
W/B(%) 1 79.5
Unit cement(kg/nm?) 1 150
Macro fiber : Micro fiber 1 1:1
Fiber volume fraction, Vf, (%) | 2 82
Micro fiber 1 Nylon(NY)
Polypropylene(PP)
Macro fiber 3 Nylon(NY)
Steel(ST)
Replacement ratio of 1 40
admixtures(%)
) ) Fly ash(FA)
Kinds of admixtures 2 Reject ash(RA)
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Table 2. Physical Properties of Used Cement

Specific| Blain |Stability|Setting time(min) Comp. Str. (MPa)
gravity ((cm*/g) (%) | |nitial | Final |3day|7day [28day
315 [3400| 0.1 | 230 | 410 | 23 | 31 | 40

Table 3. Chemical Compositions of Used Cement

Si0, | Fe,03 | CaO | MgO | SOz | ALO3 | Ig—loss
(%) (%) (%) (%) (%) (%) (%)

2195 | 281 | 60.12 | 332 | 21 6.59 2.58

3.1.2. =M
AEE T 7&-?13 A 2] ALAA A

© |47} 25mmEA] H]
FrE&®) % i%%% 247} 2,75, 0.45 % 6.720]
2@ 4 xHEL 747

=

£ ATolA AHga ESYREL SefolofA] 1 ¥

EOH}\]E /\}_Q_O}od th OPH Eﬂ'o}-]:]]—gl— 7Lo] EqXﬂEoH
A AL ANA G SatoloARA 1 2
e AE3) YI5ke] AAE SetolofA ot Hlmmr
Stk (Jang et al., 2011),

2 AFolA ARG T RE HE, EUk(m’/g)
9 A9 S Bk o Setolofale] B9 2tz
2.28, 3944 % 3.5, YA EfA|] - 2,41, 6554 &
4.49] S8 EAS 2= 2108 YERgth Table 4=
EetolofA] B 2jA EofjA| 9] BleHA] £/ Lt gl

Table 4. Chemical Composition of Used Fly Ash

and Reject Ash

O{l

Chemical

omEETeN Si0,| Fe,03| Al,O5 |CaO|MgO|Na,0|K;0 |SO5| ClI

Fly ash(%) |52.50| 8.07 (26.30(4.82|1.30 | 0.81|3.88(0.39/0.01

Reject ash(%)[49.40| 4.59 |25.50(11.20/ 1.01 | 0.27|3.59|2.54| —

E3F Fig. 12 FARIAAR 7 (Scanning Electron
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(b) Reject ash

(a) Fly ash

Fig. 1 SEM Images of Fly Ash and Reject Ash
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Table 5. Properties of Used Fibers in Experiments
P P TION, 2009).
L, [Density BsC [TERSIEMETING, ongin pia, 2 Aol A ofefet AgAl AR A chl
Fiber (a/m) modulus| Str. | Pt o) e Shape ) ) }
9| (GPa) | (MPa) | () o] o) WA 4 9l 222 Hadlsia A 2
Steel (ST) | 7.86 | 200 [1,200| - | 35 [0.54/Hooked ol gt AMAFE FHsl7] Q3 A4S HeRE
3l AFL Esle] A lrAzO 5Ll
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Table 6. Mix Proportions of Concrete with Fiber Volume Fraction(V;) of 0.2%
Fiber content(%) Unit weight(kg/m®)
Specimen W/C | S/a ST PP . NY W c s G EA RA
miICro macro
Plain(1) - - - - 150.0 | 824.6 | 13499 - -
SIF-0.2 0.1 - 0.1 -
NIF-0.2 - - 0.1 0.1 816.2 | 1336.0 60 -
PIF-0.2 0.795 40 - 0.1 0.1 - 119.3
SIR-0.2 0.1 - 0.1 - 90.0
NIR-0.2 - - 0.1 0.1 818.2 | 1339.3 - 60
PIR-0.2 0.1 0.1 -
OPC(1) 0.675 44 - - - - 206.0 305 794.0 | 1042.0 - -
Table 7. Mix Proportions of Concrete with Fiber Volume Fraction (Vi) of 0.4%
Fiber content(%) Unit weight(kg/m®)
Specimen W/C | S/a ST P ‘ NY W c s G EA RA
miCcro macro
Plain(2) - - - - 150.0 | 824.6 | 1349.9 - -
SIF-0.4 0.2 - 0.2 -
NIF-0.4 - - 0.2 0.2 816.2 | 1336.0 60 -
PIF-0.4 0.795 40 - 0.2 0.2 - 119.3 90.0
SIR-0.4 0.2 - 0.2 - '
NIR-0.4 - - 0.2 0.2 818.2 | 1339.3 - 60
PIR-0.4 0.2 0.2 -
OPC(2) 0.55 41 - - - - 175.0 318.2 7325 | 1150.3 - -
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(a) Marshall (c) Surface finish

(b) Vibration
compaction table
15ea/layer 30sec/layer
(3 layers) (3 layers)

Fig. 2 Fabrication Procedure for Compressive
Strength Specimen(210Xx20cm)

(c) Surface finish

(a) Hammer

(b) Vibration
drops over steel plate
40times/layer 30sec/layer
(2 layers) (2 layers)

Fig. 3 Fabrication Procedure for Flexural Strength
and Toughness Specimen(10X10X40cm)
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Fig. 8 Measured Tensile Strength with Vf 0.4%
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Fig. 14 Measured Flexural Fracture Toughness with
Vi 0.4% (91days)
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Table 8. Design of Experimental Factors

Factors Levels
W/B(%) 1 79.5
Unit cement(kg/m) 1 150
Macro fiber : Micro fiber 1 111
Fiber volume fraction, Vi, (%)| 1 0.4
Micro fiber 1 Nylon(NY) (e) Counting fibers in concrete
Polypropylene(PP)
Macro fiber 3 Nylon(NY) Fig. 23 Experiment for Fiber Dispersion
Steel(ST)
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Table 9. Mix Proportions of Concrete
Fiber volume fraction (%) Unit content (kg/m?)
Specimen W/C | S/a NY
ST PP - W © S G FA RA
micro | macro
SIF-0.2 0.2 - 0.2 -
NIF-0.2 - 0.2 0.2 - 818.3 | 13444 60 -
PIF-0.2 - - 0.2 0.2
———— 1 0.795 | 40 119.3 90
SIR-0.2 0.2 - 0.2 -
NIR-0.2 - - 0.2 0.2 819.8 | 1346.8 - 60
PIR-0.2 - 0.2 0.2 -
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Table 10. Results of Fiber Dispersibility

Variables FA RA
NO. ST NY PP ST NY PP
1 213 | 468 | 254 | 223 | 589 | 620
2 192 | 458 | 220 | 255 | 547 145
3 282 | 662 | 383 | 260 | 732 | 310
4 256 | 563 | 253 | 203 | 592 | 282
5 190 | 612 | 324 | 329 | 761 | 326
6 218 | 622 | 316 | 303 | 614 | 361
7 161 | 610 | 270 | 222 | 655 | 275
8 229 | 652 | 304 | 239 | 692 | 326
Average 217.6 | 580.9 | 290.5 | 254.3 | 647.8 | 330.6
Standard | 55 | 736 | 483 | 401 | 705 | 125.0
deviation
Standard
deviation 16.6 | 127 | 166 | 15.8 | 10.9 | 37.8
/Average
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