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A Study on Aggregate Mix Design of Dumbbell-shape Fiber
Reinforced Asphalt Concrete Mixture using Bailey Method
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T olsBE B 74 5% s2dge 49 A g
web) dig s, wig A EarEe] A et A7 2ue
Sotel TS UiS) T QoS dle] LS W TeLE IS AESHLon,

o]

12
i

e

e

m{m b

Rloogt

F el
&

o
ot I
1
o
=\.‘=
o rB

oo lo TLo(m fO
i
i/
o o

[e]
= [e) AN -
Sl 1100, 1119, Z2AI0] 9] Fauls LI F& TA F7 TA] vste] tha 2 o
ﬂ&’iﬂk R Hde o gste] B4 BA@I5mm, #4)F oy B g2 NS WS Wde] WS Ae
sle] Selstglit] 1950g0] EakEol 03%9) B4 A4 WSS W Afeh LAHlor & PCsTA] A

11.ssgg§ AAFEIGITh weba B ATl BRleh nARel BAS Hhe A wad 4 gl A9 w
A e Fote] 7120] Sufsloln ujRHAA] A WEe FEsm A4 BEE T

Abstract The aim of this study was to develop a fiber-reinforced asphalt mixture that was designed to do the
following: 1) address fatigue cracks, which is a major source of damage; and 2) increase the rutting resistance.
This study reports the effects of the aggregate mixture design that incorporates a dumbbell-shaped fiber. An
experiment was carried out to measure the unit weights and unit weight ratios between the mixture that was
compacted and the one that was not. A method to substitute a specific aggregate mixture with the
dumbbell-shaped fiber was confirmed using the volume concept according to the Bailey method. The results
showed that the weight of the PCS aggregate mixture that need to be replaced was 11.88g when a 0.3%
reinforcing fiber was added to the 1950g mixture.
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Diameter (d) = NMPS

[Fig. 1] Two-dimensional aggregate packing model

[Table 1] Primary control sieve(PCS) by nominal
maximum size of aggregate
NMPS NMPS x 0.22 | Primary Control Sieve (PCS)
37.5 mm 8.250 9.5 mm
25.0 mm 5.500 4.75 mm
19.0 mm 4.180 4.75 mm
12.5 mm 2.750 2.36 mm
9.5 mm 2.090 2.36 mm
1.75 mm 1.045 1.18 mm

% ol ool 32 pEol
o} L] ZZ A (Fine aggregate)So| H-&c}
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2 SEsp191a) FepEacks A Al
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Superpave Mix Design

- Heterogenous Density of Mixed Aggregate
- Maximum Density is not guaranteed

Bailey Mix Design Modified Bailey Mix Design

- Homogenous
Density of Mixed
Aggregate
- Maximum Density
is guaranteed
- Increase Rutting
Resistance | ‘

[Fig. 2] Concepts of the bailey method and modified
bailey method

- Homogenous
Density of Mixed
Aggregate

- Maximum Density
is guaranteed

- Increase Rutting
Resistance

- Increase Fatigue Crack
Resistance
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[Fig. 3] Role of reinforcing fibers on the bailey design
method
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[Fig. 4] Dumbbell-shape fiber

[Table 2] Material properties of a dumbbell-shape fiber

Diameter | Diameter | Length . Specific

of Ball of Bar of Bar V((():Llu:gr)le W:'l%ht Gravit}y

(cm) (@) | (em) (b) | (cm) (c) € (g/em”)
0.2 0.1 2.7 0.03 0.04 1.35

ofel Fig. 5= Autalel HIFAANA HAHKE 2
ABE AL A U ) SY@ Wde] A v
MAGNA olE BAMEE neRS A9 P 2
) EA)E ek gick Aurael wig AANel
A BIPS7E 3718 B BAsh Halvt Z7kshe

= =
WS Teie e wRh Aol AR 27hE B
e HoliE 2AE Xgsty] g, AAlEEol
71—7_'1-9/]

= =
A, vhele, B SAR 2o A
9\)]\

6537



A Satsl=RA) 4147 A125, 2013

Conventional Mix Design Method Suggested Mix Design Method

Weight Volume Weight Volume
A A A A
- s —
C I C S I C
] ]
. e
o
A+B+C 100 + Air Void  Less than

[Fig. 5] Comparison of Bailey design method

3.3 Bailey methodE &t235H HiEHA|

2 AFelAs |2 FA(CAH#D), 3 SA(CAR), %t
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HjReE A7) flsto] Wiy A viRhd A o] g
At 919 3749 EA v Zhzke] JEEAGT) Y=
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[Table 3] Example of bailey aggregate gradation(coarse

gradation)
CA#1 CA#2 FA#3
Sslfzvee Passing | Mass | Passing | Mass | Passing | Mass
(tnm) (%) ® (%) (® (%) (®
25.0 100.0 0 100.0 0 100.0 0
19.0 94.0 792 90.9 1206 100.0 0
12.5 30.0 8448 69.7 2796 100.0 0
9.5 24.7 700 56.7 1709 50.0 7500
4.75 6.0 2468 31.3 3356 38.2 1770
2.36 5.0 132 22.0 1222 35.0 480
1.18 5.0 0 13.0 1194 32.0 450
0.60 2.0 396 7.4 742 30.0 300
0.30 2.0 0 1.8 732 29.0 150
0.15 1.0 132 1.0 113 10.0 2850
0.075 0.2 106 0.4 74 9.2 120
26 56 1380
1\/}; ‘;‘S‘zg) 13200 13200 15000
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[Table 4] Unit weight and unit weight ratio of loose
weight and rodded weight

Loose Rodded
Weight | Loose | §9%% | Weight | Rodded | R34%d | Rodded
(+mold | Weight Wugh( (+mold | Weight Wughi /Loose Unit

(k)g) (kg) (kg/m’) ( ng) (kg) (kg/m’) Weight

Trial #1|12.856| 9.993 |1452.5|13.933 [ 11.071 | 1554.8 1.070

Trial #2[12.781| 9.918 |1441.6|14.292 | 11.429 | 1605.1 1.113

CA#1
(Dummy 1) .
Trial #3|12.745| 9.882 | 1436.4 | 14.285 | 11.422 | 1604.1 1117
Average | 12.794 | 9.931 |1443.5(14.170|11.307 | 1588.0| 1.100
Trial #1|13.827|10.964 [ 1593.7 | 15.102 [ 12.239 | 1779.0 | 1.116
Trial #2{13.792|10.930 | 1588.6| 15.189 [ 13.326 | 1791.6 | 1.128
CA#2
(Dummy 2)

Trial #3|13.842|10.979 [ 1595.8 | 15.083 | 12.220 | 1776.2 1113

Average | 13.820 | 10.958 | 1592.7 | 15.124 | 12.262 | 1782.3 1119

Trial #1|14.872|12.010 [ 1745.6 | 16.510 | 13.648 | 1983.7 1.136

Trial #2|14.739 | 11.877 [ 1726.3 | 16.490 | 13.628 | 1980.8 1.147

FA#1
(Dummy 3) | |
Trial #3|14.885 (12.022 | 1747.4 | 16.426 | 13.564 | 1971.5 1.128

Average | 14.832 | 11.969 | 1739.8 | 16.475 | 13.613 | 1978.7 1.137
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[Fig. 6] Loose weight of aggregate and experiment
variations
Rodded Weight
w
o o
f=J a
3" — w1
Eo g0 - -
£ — — — —
TeH 1 — — —
o
3. 1N N | . .
o
Z,| M B || .
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can can it
(Dummy 1) (Dummy 2) (Dummy 3)
[Fig. 7] Rodded weight of aggregate and experiment
variations
Loose Unit Weight
B 17398
& 0 2
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on can ant
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[Fig. 8] Loose unit weight of aggregate and experiment

variations

Rodded Unit weight (kg/m?)

Rodded Unit Weight

19787

17823

15880
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(Dummy 1)

can2
(Dummy 2)

FAHL
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[Fig.

9] Rodded unit weight
variations

of aggregate and experiment
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- B Rl sl 2R e 24
- 1547} (=4.57g/cm3+0.03cm’)

- wbee] o] sgsls pesEAe] A A4
: 11.88g(=4.57g/cm3><2.60g/cm3)

[Table 5] Aggregate replacement and estimation methods
of reinforcing fibers at 0.3%

Desgnlabe | Spectiaton |ws‘n(s‘ v«s‘s\s‘ ‘ ‘s«s‘ns‘r(s‘
A s Wit s o7 N e e JRVE
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w1 w1 o3 1158 el 3 Filr 1A% | 0535 | 024
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By Vohre 2% 80.% 100%
el peic Gty un | s 112 205 [26310
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Lonz Wt ] | W
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S5 um) Aoy Gt (Pt Psiny 4) 15N | 05Forr m
[ 10 10 0 0 57| 110
[ ERE 00 5
[ EN 7 00 5 T2t
5 7 7 507 m Hard
[ 1 H [N B i
138 H N 3 5 7
[ 1 [ 7 0 T
18 N 4 H B [0 [ o] 03
] N H 2 [0 [ o[ 55
143 0 1 T 0 006 34
s H 04 H 10 03] 2%
[
o | o [ na | g s B
fike Tl
T T
16832 16035 00 19205 0 0
38 12876 00 1638 0 0 8833
oidsn Aggregate 150 3.z 0 FEM]
141% B3 00% | 30% [ L% 00% | LE%
Parcent: Passing PCS. 6% 33 00% | 6LE%h [ 1000% 100.%
Foeloasd A Dase/ Fredgg, | 0% | 16 0004 | [ DIz itk
Gt nl B Wi | il n0s |0 w00k
Aot o U P sire 00 | 02 100% | w0k D
ey EE w0k
FlBendng 1162 ‘ % L0 ‘ 9045 ‘ 000 C00% ‘ 15% ‘m:‘m

[Fig. 11] Example of bailey method design table
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Mass .
© Proportion
Aggregate Weight 1950.00 94.10%
Asphlat Binder Weight 109.20 5.60%
Weight of the reinforcing fiber should be 6.18 0.30%
used to replace
Aggregate + Asphalt Binder Weight 2059.20 100.0%
Fiber Volume (cm®) 0.03
Specific Gravity or Unsit Weight of 1.20
Fiber (g/cm’) '
Volume Added Fiber (cm") 4.57
Number of Fibers 154
Specific Gravity or Unit ngghl of 2.60
PCS Aggregate (g/cm”) ’
Weight of PCS Aggregate should be 11.88
replaced Fiber (g) :
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