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Evaluation of Anti-Stripping Performance in Asphalt Concrete

using Byproduct Ash produced from Circulating Fluidized Bed
Boiler

ABSTRACT

Pot-holes are steadily increasing due to abnormal climate such as heavy rainfall and frequent snowfall. Pot-hole related to traffic
accidents cause injuries, car damage and distress of road facilities. To reduce pot-holes, the use of an anti-stripping agent is mandatorily
recommended to asphalt concrete mixture. Hydrated lime is commonly used as anti-stripping agent due to the convenience and
economics. Byproduct ash from circulating fluidized bed boiler was reviewed as an anti stripping agent. According to the test results,
the byproduct ash is satisfied with TSR specification using 1% to 3% by weight of the asphalt mixture. The byproduct ash was examined
under various condition changes of aggregate and asphalt concrete mixture considering quality movement. According to the results,
using the byproduct ash was measured average 0.87 of TSR and coverage rates of 60% after rolling bottle test. Test results also revealed
that the byproduct ash showed stable performance. Using the byproduct ash to decrease pot-hole in asphalt concrete pavement is
suitable for demonstrating stable performance as anti-stripping agent.

Key words : Pot-hole, Anti-stripping agent, Circulating fluidized bed boiler, Byproduct ash
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7)5HslE oA TE FIE|E IATERE S5
g3l kgl o5 EEZ(Pot-hole) WAYo] Z}}aL
FESLS oRFE FIYE ¥ 139 IRt 2F3H
gle] $rolo] Fao] a0 g wi o]gate] ghS 9sh=
FERAL vk FEEC] AR AL 2l o3
TEE ofZE I} ¥ke|(Stripping) ¥= o= &
A ot gele o] ol~gE Ea2E XA 3EslY]
ofAZE uRRIY] wulat IR Ale] F22(Adhesion) B of~ZE
vlelt] =AY AsHeE(Cohesion) oFBIA A F=Fo g 3
2] P22 o] AEE Zle s Ageofdd 4+ glkLittle and
Jones, 2003; Jo et al., 2013).

FENEH] 2011~2015 & Uuke
2bgo] wEE 537k dE TEZo] 361 7 o]del How
ARSI S XEZR Qe WSk Alale a1 1,0467],
== 6077102 Tl gt oF 119 Yol Yit)(Im, 2017).
w3k 3] Y7L B} E(National Assembly, 2013)e] w2
™ Table 13} 2o] &A= TEZZ WS wEAlL} 537t
(‘08~713. 079) 422370 2 Uehith o]xd TEZZ Qg
IEARIE e, 2fF B =2 AVIE vl Bl 3kt STt
I glom o)5 #eEl] $I3t 2RI fAIES dikte] SR
oJoJA|aL glck

e TEZO F9 Ao T opgE FIFE
9] vhEA R EE A =8o] oJojA|aL k. ml=,
8 SRl 245 ARk RA o] ARS-S ALkl QL
on YoM T FQ HER Y u&IE IF7l)
A AMS-S o7 sleial 2hgelet o] g e
FgAPE B ashal AAlE diFlste] AR 5 Sl 423
£ AREhE Zlo] Yot} e VI AR AREshE
2519350 712 0] 24,0009/ton21E] W] AAd3]e] 9 120,000
Ptono 2 o ~BE FAT|E FFE] oF 2%5 EHI H¢

[JASN
PR

1,92091] 7} Ad=so] BRI

B ArelMe ZEES WA ARRe 97 o gE FaE
EHEE HEMHAAR % 55 HY#(Circulating fluidized
bed boiler) 71gol| wa} BAsR= BakEol By FAt o4
(Byproduct ash)2] BFYAA] ARE- 7s de HESILA} Bt
AEakee] 285 Fol Bk AAH HepiAAE e
T Qe o gE FAR|E | AR tieo] o EE
EHE 9 =2l dibdiel= a3 Aotk

AgFAES HHA3S 2 Ashs o] ofr] wieel] 4
HE0] 9hg & glom, o e FoElE SRS M=) vkt
A, oSEE wRRIY 5 HRE Akl e axpr) HEw o
of g} wlzhy] 2 ol By ik oliFlE ARgsle] tiddh
ZAek wjgtel] et FRNIEd T BvE kel 2y
Ak oS ARSBIE B oFSBE FAR|E S| #3
574 Brkskaal skl

2. B2|Ot Bl XIK|

2.1 Hi2|e} ZE=

ORZE FITE XAERO| dFElE tEHe R AW
&(Rutting)s} 7<(Cracking), EEZ(Pot-hole) 37} 2 5%
Th XEZL o ~TE FIBE XA9] o] IAo 7 25
ol W} FjojR)= FolE] Beke] = ERHR oFE

Fig. 1. Occurred Pothole

Table 1. Accidents and Compensation of Pot-hole from Year to Year (Kim et al., 2017)

National highway Expressway Local road Total
Classification
Accident | Compensation | Accident | Compensation | Accident | Compensation | Accident | Compensation

in 2008 4 9.1 36 27 169 313.1 209 349.2

in 2009 15 4.2 66 71.5 299 670.3 380 752

in 2010 56 48.7 249 204.2 557 6273 862 880.2

in2011 92 43.1 332 2924 628 4224 1,052 7579

in 2012 85 413 162 120.4 422 290.5 669 4522
in Jul, 2013 22 9.3 143 102.1 886 3162 1,051 427.6

Total 274 25.95 988 823.6 2,961 2,639.8 4,223 3,619.1
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HEES, AL ) PEA02 P 56 A4Hon
w2 ol PE FoElE THE U FHCavity)o] WY
BB S, BT ) TS F5e] nATEE
Fste] o= Fig. 19} & Fehe] ZEF7A) oloRILKMLIT,

2.2 Hi2 XA

SR olame Eaele £ Yol EAmE
ol=gE vielEle] Hele Auslaly] Sl AR WA
kAo 7 Bkl 2413\ (Hydrated lime)e} 92 Ble|l=|A]
(Liquid anti-stripping agent)E A8-3t}. Hicks&Scholz(2003)
o] Aol whE whepEA|Al] AR vhe] AR s SAE
w ofle} sl o), B4 Bk 24 79 ol Sl bt
Sk Ao Ptk e A AukHo 2 Ako] Welsh
vl 293 24315 A S 1~2% A=E FYsch

2.2.1 AMS|(Hydrated Lime)

223 MBS 7Hdste] doll BA3BIE FshaA kst
u ofAZE FIZE THEE R AREE S ke,
TG0 A & 2 Uds PR+ e 2=
A4 K Choi et al., 2014; Watson, 1992; Lee et al., 2011).
vk ey} 2 Ui @ avjel] wiet vl 9 SRk
T FRo] feiss Al ARgeks BReIRAR SR AR

3L Slrt.

2.2.2 OHAL HIF|HIX K Liquid Anti-Stripping Agent)

Agkzo 7 o e Al FAje} ol BE nIIY Aol
RS FRNTRE 28-S she e S3IA|(EHEEA)
o]tiChun et al., 2005). A HAMIR| A= o ATE HIQIE )
Aol amksAY Be] I FA7) aste] vlalz] ARgol
ofge To] ik

R =

WA, AR 2 SWEE Uit ouxE Ha R
TES A% BYEE etk 0% <% 5T

5 T 71V B8l ol tidst
oF 850°CHER F-A]5}]
Aatshs Ads AT 5 Al Ko i H
gilo] 7hssi davbyd & ol A3)do] wkgsie] so)
AL izt A=l qeAiet @ mjEdt ol F3l

Al Gz Pel CaO Tl 2 MRS MEY
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T e o] Ak =R By e SR
SIO 8 FARO R CaO, CaSO,°l| oJ3) AAE 4118 F3llaL
Atk oF 50%0] 7R & CaO RS 7H572] 319} 3
FEEWT]E(Ca(OH ))& A dste] b B dnt. o]
gt W32 A= AES}T BAX 02 FARE 3} vIAUSS
7FIt{Mun and Kwon, 2014).

Bl B4k ojFi(Ash)= 55 4 BdPox] 120}
23je] oA el F ATk FARER AIskEE(Ca0), ARk
3KS0;), APl Mg0) 02 T-43%1 2,000~ 8,000cm’/g
o] FEEE Zheth A3 F4ES) Asa(Ca0)2 &3
HEA kS 5ol 243)(tsdw(Ca(OH))& /3%
o ke B3 3ol TS RS vehlie B
Ak oS Thsste] Bl R L8k Weks HESIGICE

4. BRI HS A

A} Ca0) S TS Qs B 5
Hasio] FaPIgI B FUT PSS o]
(FFABIH(Ca(OHY ) AT 2 Solre 8
3 Bde] Bk oS QHs) o & o~dE FaE TgEe]
ASAE gAsle] 1~3% E316le] o) ~TE HIv|E F3HLo)
Bk As rkskdck

4.1 = Z=H|
4.1.1 Ha| HAL ofi4

B ATE AREARER] Bde] Bt olglE gAlE g At
9] W T FEHES FElste] 1Akt 43 H R
A7) AR AEE ARESHATE AREE BdE 24t olqle
U A AR <3 f53 oA At Aoz A
WE 9l 54 83X TS AR R 808190, AE4
3} Table 29} o] 7S WEshe 202 veldth 2y
FAF ofile] A sl wet FYEE A=) SR g
Hssl7| whze] ofE ZRKE WPt Aasith Bede] At ofele

=By
aplg A ket WAL T i) Qe S

Table 2. Result of Ash Environmental Evaluation

Item Specification (wppm) Result
Pb < 150 -
Cu < 800 -
Cd <50 -
As <50 -
Hg <2 0.1
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Ahsholol gtk B ATIAE SR o] Bol Be] 34
NeIE AR F B AASL oI WIS Az F
2asto] Abgslsict

3 e 37 feld ge) Selol AREES] Fu) A A}
o] 4 5% BN BT BA) 32 oIS A8
w5 QAR L A 2 WE SO FANES Selste] 1
47§e00) A The AVIe A AEE A8k whl 2l
41 oe) A5 AiAEe] wet TSR AR FRs W]
wsjsh] el olg 7 Wb} Aasic Hle) R ofle
FERRG A WG} WYL B vhizo] e e
Akstolof gk B Aol SR ol ol mele P
NeIE AR F B AASL oI WIS Az F

wafate] ARS-3SAT

4.1.2 2x4

uepAle] Mg BAE EAlel oliBE wielrle] Ay
PPl Aoz Agel whe ] Ik ol wel & g
Ao = Tl oliBE ToEls FRRE B2 AMEE
e BAE Tl DRI BAE Wk A7,
29, Hehde Ao ofape BUEeA A AHT e
A siel UUE WSS A HlETEO R KS F 3501

=
(OR2E ZIRES ASA) 7S WEshs A3 dA)

4.2 OIAZE E32|E =RIE0| 2 M Eot
oZE FIZ|E SHES] BlelAEds W] A3 A3
2 TRk Hige] ek Al =uielellr] 71 o] ARgElE e
T & AE A, Y IRRPPIEE v)aste] PR
(TSR, Tensile Strength Ratio)E 7-3R= 7ot} & Aqtojri=
—18°Cel] 8x 7t Bt T2 F 60°C =0 124K 51 3lsk=

g

Percent Passing(%)
8 8 8 8 8 3 8 8

—— Upper/Lower Limlt

~— Mix Gradation

0.08 0.60 25 475 95 13
Seive Size(mm)

Fig. 2. 13mm DGA (WC-1)
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AASHTO T 283 (KS F 2398)¢] w2 AL A}gsk4ich

B B o] vleiAlA] &S ASskl AR 24
3] $Jell Fig 29} 22 g%e] WC-1 olAZE Zoz|E S3ES
HIAE El AT v dAl= PG 64-229] 2Ed0|E
OSZE nRITIel AR A3 2% AFSEIIoH, 35F
4%0] HHol~E ke 5.7%= AU dhegAAe
P s H7R= A13)4%(Limestone Powder)¥} E814] 22 424
3] 2%, By Bk o4 1, 1.5, 2.0, 2.5, 3.0%E AFg-8le]
FAAE AT

o147 en] A% A3} Table 33} Fig. 30 vehd A3} 2ho)

Table 3. Types of Mixture Used in TSR Test (AASHTO T 283)

Content ITS (MPa)
Classification OI; ens After TSR
(%) Normal . .
Freezing-Thawing
1.0 0.94 0.75 0.80
1.5 0.95 0.79 0.83
Ash 2.0 0.96 0.82 0.86
2.5 0.95 0.82 0.87
3.0 0.93 0.80 0.87
Limestone powder 2.0 0.89 0.66 0.74
Hydrated lime 2.0 0.90 0.75 0.83
0.90
0.88
0.88
0.84
0.82
G 080
0.78
0.76
0.74
0.72
0.70
q/go\o q/° Yo \lQo\o R e Q/Qo\o K e %Qo\o
& 2 3 & ¥ ¥
) ‘z,é
Sy
Fig. 3. Results of TSR
0.90
0.88
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o L2
» 0.80 ‘'
T
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0.72
0.70
0 0.5 1 1.5 2 2.5 3 3.5

Conterts of Ash(%)

Fig. 4. Test Results by Ash Contents
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AB|AE ARZ-A] TSR 0.742 FETER(2017)2] ol ~ZE Z3
YE T FA7E 0.803 V=R Ealglon, 23S
AHERIE 7Y 08302 7S WSSk o vt B
HF ol 1~3% 7H4] BE 71ES WESIlem, Fig. 49
HolE 3 o] 2% oY T3S 49 TSR] & wsph
LR ol Al dS TS wl 2% A8
= Ak

wde] Fuk ofie] whejAay ek SRIE 4 dglont
A AMge] S AeANE AFESHA] k7] Wizl 1% AREA]
B Fk ofjsle] Bt B5E3 A Qo AgAle] REo s
T W] Lkl o Bajd &= Qi) SR o R o
E ZWEA AeAE 3 FHI AR o] wiite] 71E
Al ARSES 7ee R B Ak o4& AMEshs Bl
ulgze Ao g dekdd.

By b ofjdi= A, FUAIES] W, g 5 ohekst
Z7lol] oJ3)] F2e] o] 9hS = Qlo] ghie] 3o s avE
A7) ofehe SHo] itk old] wet 2~39 1o 2 Arke

v

k

Table 4. Types of Mixture Used in TSR Test

Filler type
No.| Mixtype Binder | Ageregate Limestone
type type Ash
powder
DGA (20mm) | PG 58-22 | Granite 0.82 0.73
DGA (20mm) | PG 64-22| Granite 0.89 0.86
1 [DGA (13mm) |PG 64-22| Granite 0.86 0.77
DGA (13mm) |PG 76-22| Granite 1.02 0.88
DGA (10mm) PG 64-22| Granite 0.82 0.64
DGA (20mm) |PG 58-22| Granite 0.92 0.91
DGA (13mm) |PG 58-22| Granite 0.82 0.71
DGA (13mm) |PG 64-22| Granite 0.92 0.76
2 DGA (13mm) | PG 64-22 | Limestone 0.88 0.81
DGA (10mm) PG 76-22 | Limestone 0.81 -
SMA (13mm) | PG 76-22| Granite 0.84 -
DGA (20mm) PG 64-22 | Limestone 0.83 0.59
DGA (13mm) |PG 76-22| Granite 0.83 0.70
3 |DGA (10mm) |PG 64-22| Granite 0.88 0.71
SMA (13mm) | PG 76-22| Granite 0.78 -
SMA (10mm) | PG 82-22| Granite 0.89 -
DGA (13mm) |PG 64-22| Granite 0.84 0.67
A DGA (13mm) PG 76-22| Granite 1.04 0.95
DGA (10mm) |PG 64-22| Granite 0.84 0.68
DGA (10mm) PG 82-22| Granite 0.85 -
Avg. 0.87 0.76
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el FAF o 453t A, vighE Hslste] R
A sislgion] 1 Zal= Table 49} 2t} A3MES AL
ol~TE FATIE F3HEe] A9 TSRe| H 0.762.2 V&g
V=SR] Eshe A9 Bkoy By Ak oS ALgE
ol~ZE FIE|E F3HLo] TSRS HT 0872 7|Z2S Esi=
Aoz vepton Vs VS 53 A9 203]F 13]0
Ak Fig. 59 Bde R4k o5 AR 73 TSRo] thi
0.8~0.9 AJolo]] glon = WA} 0.060.8 eERITE vhy
Fig. 6] 23275 &g TSRO A9+ FF92P} 0.1002
A} A EaxskaL dom VI 0.8% Vs K3k A9t
153] Z 103]2 vept Bde] F2F ofelE B2 AR

85 FEge] JMdES BRI 5 STk

% K

o ¢

o
=

43 X 85 A

A 77 AP A9} of=ZE nRIT] Alelo] HAES
Fkehe AlHO R TR ke EFES] Fe SAIE 0183t
of BlEARdS Wrkehes Aot AeAl, SRS Bl
W] FA7ES 2 A8shal Q= AIEHP European Standard
EN-12697-119]) wWe{MLIT, 2017) o}~BEZ vjiy #& =4
& oM 24131 Bt P T SRt AEE el 7Y

5 25°Co| A 24ARE E3F 60rpm o = SIIAIFICE 7o) ShEe

0.7
0.6

0.5
0 5 10 15 20

Fig. 5. Results of TSR (Ash)
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Fig. 6. Results of TSR (Limestone)
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F ZAES 244 B 60°C QBN HAxF %7 AL} A
T S ST Bk S AL FE AR F u s
afelsleity. At vkl 50% ool Holok gtk

AukF o7 S ofdE FIE E9EE Ak skt
A3 2 F FAE ARSI T3 3 AIES ATk
gk B wepiAAle] &b AMPHE HESP] S8 7K
= ZAo)] B vle|iRAE E3lsly AuHs & olgE
BlIT)E EQlsla E3sk= Dry 9Halv) 233 vl iR|A S
B3} Alo] &) FAlo R viE AN SAie) E5st & S
7}gsk= Slurry WH2lo 2 X85 FH]EkIT

Table 59} o] MRS JeA|2 A3 749 7E 50%E
W] Bohs 2o ' veRto), By FF of<lE ARSSH

Alge] A B 7S vk ZloR et Bgk A3)kat

Table 5. Results of Rolling Bottle Test

Ash 2%
H 0,
No. Filler _24 Granite Limestone
(Granite)
Dry Slurry Dry Slurry

50.9 79.8 63.7 68.3 67.3
2 432 71.4 70.2 67.6 68.0
40.1 65.8 66.3 55.8 64.1
Avg. 44.7 72.3 66.3 63.9 65.5

Table 6. Results of ITS Test

Classification ITS (MPa) | Disp. (mm) |Toughness (N-mm)
) 0.74 1.30 11,844
(Lirl:llellfgne) 0.82 1.29 14,046
0.78 1.27 12,724
Avg. 0.78 1.29 12,871
0.76 1.27 12,724
Ash 0.86 1.34 14,114
0.84 1.28 13,985
Avg, 0.82 1.30 13,608

Table 7. Results of Wheel-Tracking Test

Classification Air voids (%) DS (number/mm)

4.0 2,178

Limestone 39 2,256
42 2,084

Avg. 4.0 2173

4.0 2,354

Ash 4.1 2,264

3.8 2,351

Avg. 4.0 2,323
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o I3 AR %7Fa Slurry
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S7FRt Apol7t 5%0) A FE @Al 2 FFol gle
Ao et
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Sk AT 60+ 0.5°Cox] 2K5 8122 686N, 215 HAIY
£ 628+ 15MPac 2 8§31t} Algd3}+= Table 73} 2t
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ZAoMe] SERZA A EE AEE] S8 TSRS
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