ﬂZi‘i 3% 2002‘51 9é

pp. 9 ~ &

AMExMZ2 MRREd olAZE Z32E9 uzEzXaM
Fatigue Resistance of Fiber-Reinforced Asphalt Concrete
in Flexible Pavement.
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Kim, Nak Seok”/Choo, Sang Hyuk™/Lee, Suck Hong™"
Abstract

The main purpose of this paper is to evaluate the possibility of improvement in fatigue resistance
of asphalt concrete mixture using the industrial waste material of K fiber. In this research, as an
experimental equipment, the MTS with Closed-Loop Servohydraulic System was used and it was
designed according to the U.S. standard testing procedure of ASTM D 4123. According to the
test results, the optimum content of fiber with the length of 8mm was about 0.2 percent of total
mixture weight. The optimum asphalt content for the fiber-reinforced asphalt concrete was about
55 percent of total mixture weight. Fatigue resistance of fiber-reinforced asphalt concrete was
noticeable compared to the conventional dense-graded 20 asphalt concrete. In addition, the
resilient moduli of fiber-reinforced asphalt mixture were 1.15~1.18 times higher than those of
conventional asphalt concrete.

Key words : fatigue cracking, industrial waste, fiber-reinforced, resistance, asphalt mixture
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Table 1. Properties of asphalt cement(AP-5)

Specific | Penetration, . Pen. Ratio Ductilit; Solubility in
Aqfizz“ Gravity, | 25C, 1008, D"ﬁ;’)‘ty’ Poifsfic | | after TROT, |after TFOT, Trichloret;i/lene,
25T Ssec (%) {cm) (%6)
Spec. of KS|| min. 1.01 6070 min. 100 | min. 230 min, 52 min. 50 min. 99.0
AP-5 1.030 68 150 + 347 68 145 99.7
ZE 3o A 4 9NAe] FAAE ARl
Table 2. Physical properties of aggregates
Aggregate Itern Specific Absorption Unit Weight Abrasion Stability
Type Gravity (%) {kg/m') Loss (%) Na2504 (%)
Specification min. 2.54 max. 3.0 min. 1250 max. 35 max. 12
A;:;’lr;le 19 m 265 064 1501 219 T
13 nm 2.62 0.74 1371 314 3.06
Item Specific Gravity Abs((;(gnon Unit Weight (kg/m) Stab1h(t;))Na2804
Fine  l'qiecification | min. 245 max. 30 min. 1250 max. 10
Aggregate
6 mn 2.60 0.93 1697 2.93
Natural Sand 2.57 1.08 1292 2.94
Item Specific Gravity Moisture Content (%)
Filler Specification min. 2.6 max. 1.0
Result 2.708 0.4
Table 3. Physical properties of K-fiber
Tensile strength(kgf/cr) Modulustkgf/cr) T Density(g/cm) Elongation at Break{%)
29,876 632,201 1 u 36
SFABE FF 519%)& Al AEe WA oAl vk gAAE skt Asphalt Institute,
slamE ade EPE FPF 00% 01% 199 of-BE TATI, 1999, webd, H3 of
0.2%, 03%, 04%, 05%°] HF& H7IE F ok 2EE S ZAs7] Astd F 2749 71 &
ZE ¥ Ave EEHE nnENTE & AAE ALsATh e afdAEA A Pkl
HA i S FYsAT EFEY EFY 55%Y W JHES} FFE T b @A v E
£ HaEAg A3 AFE o 02% F7eke of 7h¢ A3 Aew ERy] wiod HA ofx~
ol EFFE7E vua Faatck oldg Ak ZE FaS 55%2 AASIIATHA A, 2002). A
2 SMA(Stone Mastic Asphalt) EZAZ <k T A7 ST A o=gE ﬂa‘-% 2AAR37] ¢35
0.2%9] Afrdol AHEHL ks Abde FARG of ALEE FAA AlEAIE2 Table 40 Yehy
AHNE BAFH Q) 53], AR glojAE 7 At Table 4914 & < gl5o] MTSE o] &3t
T UYE 20 ofABE EFEHY 02%9 HFFH HEZAPE FY37] A5t 71 URl% 20 of
£ A7 ol~BE EFE] o 117%7F 4% 2FE EPEL IVCERR 400kgtel disll 71
AL eyt wAl, & AoAe A £ AEOM A, ARRA oladE ETFEL 9
E 9 02%8 #A3F A%z AA3Ah o FAAE 7tz AFste] F 20709 FAAE F
T HH AR Hoel g HA opagE AR HEJD FAA EFE A 224 of
B A7) flsted 50%, 55%, 6.0%2] of~  ATE JHELerE 150CE #HEsgy, gRes
AGEGE HAFEF olLBE e NEAFHY 81



Table 4. Experimental Design

82

1. Upper extension rod

3. Asphalt specimen

]

5. Horizontal deformation extensometer

Fiber Content (%) 0.0 0.1 0.2 0.3 0.4 0.5
f
Number o 2 2 2 2 2 2
Mashall Trial Mixing
Mix Fiber Content(%) 0.2
Design
Asphalt Content (%) 50 55 6.0
Number of Specimens 9 9 9
Load (kgf)
Mix Tvpe 800 600 500
Fatigue Dense-Graded 20 3 3 3
Test Asphalt Concrete
Fibor_Rei
iber-Reinforced 3 3 3
Asphalt Concrete
©)

2. Lower extension rod

4. Loading strips

6. Vertical deformation extensometer

(a) Schematic of test set-up for MTS

@

O——>

1. Extensometer

l

LVAANTERUARVANRAAN A

2. Spring

©

(b) Horizontal deformation extensometer
Fig. 1 Schematic of test set—up for MTS and Horizontal deformation extensometer

3. Asphalt specimen
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Fig. 3 Resilient modulus comparison at different
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Table 5. Diametral fatigue test results of dense—graded 20 and fiber-reinforced
asphalt concrete

(a) Dense-graded 20 asphalt concrete

Item . Recoverable Maximum total . Numbers of
Thickness K . . \ Resilient modulus .
Load ¢ (um) horizontal stain horizontal stain Mirtot (kef/cr) failure
(kef) ! £rcx10” £totx107 N
63.8 13.879 11.6168 31378 532
800 62.3 11.283 11.1157 39525 548
62.2 10.346 5.4345 43174 1,053
Average 62.8 11.836 9.3850 38026 711
62.5 7.787 4.2476 42814 3,416
600 62.0 7.859 45729 42769 3,018
62.0 7.029 4.1043 47657 4,026
Average 62.2 7.568 4.3083 44413 3,487
62.4 6.002 2.8895 42365 9,582
500 62.1 4.794 2.4677 58325 18,067
62.3 5,196 2.6433 53645 14,501
Average 62.3 5.331 2.6668 52718 14,050
400 62.1 4614 2.8787 48481 32,181
E3
61.5 3.749 1.6711 60254 33,212
Average 61.8 4.182 2.2749 54368 32,696
*Table 49 YEM A 59 F7IAE S HAIE S
(b) Fiber-reinforced asphalt concrete
Ttem Thickness R.ecoverable. Ma-x1rnum totgl Resilient modulus Num})ers of
Load ¢ (am) horizontal stain horizontal stain Mirtot (kef/c) failure
(kef) Eree10™ £ux10” ¢ Nf
63.5 9.985 5.0740 43887 1,845
800 61.9 9.429 6.2446 50402 2,047
62.4 10.671 6.5830 53011 2,533
Average 62.6 10.028 5.86%9 49100 2,142
63.2 6.525 2.7669 50610 8,734
600 63.2 5.624 2.1757 53724 8,108
62.4 6.993 3.4482 47749 7474
Average 62.9 6.381 2.7969 52361 8,105
62.5 4794 1.3358 57952 27,432
500 63.0 4511 1.2499 61110 33,303
62.5 3.929 0.7230 57610 50,108
Average 62.7 4411 1.1029 58891 36,948
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—e— Dense—grade 20 0.1

: —e— Dense—grade 20
--&-- Fiber-reinforced

--&--- Fiber-reinforced

Maximum total horizontal strain
Recoverable herizontal strain

0.001 t t s 0.001 t f
100 1,000 10,000 100,000 100 1,000 10,000 100,000
Numbers of failure Number of failure
(a) Maximum total horizontal strain (b) Recoverable horizontal strain

Fig. 4 Curves of diametral fatigue test results with maximum total horizontal strain
and recoverable horizontal strain

4
E Dense-graded 20 Fiber-reinforced
= 7
[©] H H H
% a
E failure criteria
S @2.5mm (0.1in))
o)
[=}
= 2
-
=
Q
]
=
=]
o]

] 5000 1 0000

Number of load repetitions

Fig. 5 Growth of horizontal deformation under intermediate stress level(600kgf)

Table 6. Summary of R2, K1, K2, K3 and K4 values determined using recoverable
and maximum total horizontal strains

Yo Dense-grade 20 asphalt concrete Fiber-reinforced asphalt concrete
Maximum total Recoverable Maximum total Recoverahle
R’ 0.90 0.97 0.93 0.95
Ki, Ki 2.48 <107 35.37 9x10™
Ko, K4 2.36 3.64 1.49 3.64
Aoz Aeg ~BE EYEIHe) TEY HTE Bl 1Y ¥
7189 K el A28 ol2BE 23z v

457 7Fed s Erksty] g BEXow thew} 7
= Sich 53], 32 33(fatigue failure)ol] &t 1. AR }\% a1 AH ol ARE SEe 7
/5] t.'—;]CQE 20 o]—ﬁ':v‘JElE :016‘]—‘:' —,], /\-1 0_1;;_71- o} 7(33}7] %3}05] u]_)\k HH_GL/\]"E% g,\__gg‘:} 7&3!,]_
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