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Bond Strength Evaluation of Asphalt Emulsions used in Asphalt Surface Treatments
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ABSTRACT

PURPOSES : The objective of this study is to evaluate the bond strength of asphalt emulsions including polymer-modified emulsions for

chip seals and fog seals using the bitumen bond strength (BBS) test.

METHODS : For the laboratory testing, the Pneumatic Adhesion tensile Testing Instrument(PATTI) device is used to measure the bond
strength between the asphalt emulsion and aggregate substrate based on the AASHTO TP-91. In order to conduct all the tests in controled

condition, all test procedures are performed in the environmental chamber. The CRS-2L and the SBS CRS-2P emulsions are used as a polymer-

modified emulsion, and then unmodified emulsion, the CRS-2, is compared for the evaluation of chip seal performance. For the fog seal

performance evaluation, two types of polymer-modified emulsions and one of unmodified emulsion, the CSS-1H, are employed. For chip seal

study, the BBS tests are performed at 30, 60, 120, and 240 minutes of curing times with curing and testing temperatures of 15C, 25C, and 35C.
The fog seal tests are conducted at 30, 60, 90, 120, 180 minutes, and 24 hours with curing and testing temperatures of 25, 30C, and 35C.

RESULTS AND CONCLUSIONS : Overall, chip seal emulsions and fog seal emulsions show the similar bond strength trend. At the
same testing condition, polymer-modified emulsions show better bond strength than unmodified emulsions. Also, there is no significant
difference between polymer-modified emulsions. One of important findings is that the most bond strength reaches their final bond strength

within one hour of curing time. Therefore, the early curing time plays a vital role in the performance of chip seals and fog seals.

Keywords

asphlat emulsion, polymer-modified emulsion, bond strength, curing time

Corresponding Author : Yang, Sung Lin, Research Specialist
Highway Pavement Research Division, SOC Research Institute,
Korea Institute of Civil Engineering and Building Technology,
283, Goyangdae-Ro, Ilsanseo-Gu, Goyang-Si, Gyeonggi-Do,
411-712, Korea

Tel : +82.31.910.0615  Fax : +82.31.910.0161

E-mail : siyang@kict.re.kr

International Journal of Highway Engineering

http://www ksre.or.kr/

ISSN 1738-7159 (print)

ISSN 2287-3678 (Online)

Received Aug, 18,2014 Revised Aug, 19,2014 Accepted Aug, 31,2014

1. ME

W3 EAEzo] dvael F8A4o] otshEe] ket
SR T §AH4o] it Tle] Z7heka k. @
A AGHR G ofe fARS FUEL ERE
AT H18H B o= AHT
Aole), It fA S FHLS sHEf P vt A

ek TS Agslor sl 28-A17] JA A oA 2|
GEojof 27| HRE T =REFY T W Y
4T 59 avE 4= &+ Ao AR Y T 5t
el HA 39S @A v F gl 38
ERRR FAESE st AMgehaL qlen B
L0 S AFAZIed Aol AAIA Y 3

S=e2sts =28 - Mli6H M55 1



lo
U
Lo
1>
it}
2
9
O,

MG T2 fARSE 9 IA I A8
oln| Uyks} Elof glom FuFEF EREAo|w Ha}
28-S A7) Qleh, 2y FaEEke] AMEEE
A THe ZA Y] 2 A% =29 24 EA9}
o Apgo] A BEAIE WA 4= e 9HE vt
Ak, olyet FAES adeT 4= e E OE fAR
Il 24 FHoR gutH oz A Al A
S5= 2342 391 FAE Yol (ocking down)
AeS sto] FAQ DelE WA st 2] S I
AN 4 e FARS Tt

HAT 234 FHe] T84S Bk s 7
Q] 54 F3lotARES I %W Ato]9] A
=R %@’5?04 s

)

25} ATTI(Pneumatlc Adhesion tensile
Testing Instrument) ZH|7}F AF&-Ew = Al gHHS
AASHTO-TP 910l| 78 =|ofqlct,

B Q0N OfARE EAE o] g2 us P
2H A 2349 3-84S B7HsH] flske] di3
Z o2 AMEE SSlofATES ZYPE HAFIY L
FAAZE W - HFlo| 2 Gt ATESL ZA) 3
W Aole] 4L Za

l=1~l 2

2 a7ss

T d
o 214 g0l A B IBE BAE AE

ﬂa fajolrgEct BAjote) Y

©

1o o
ot
N
T~ —
O
ol
Kl
_‘)i

lo 40
ot
by 4
=0

s

¥ o (n o
to > M ox X

w w
o
rar
ki
I

k=]
[>
12}
m
G
w2
_>|E
L
|
03
10
_El
k>
O
Jn

N F"
Mrﬂ
2o =
: ﬁﬂ
> ofd
rE

tlo

ofN ol
o
ol
ne
=
2~
o
Hu
[>
m
E
5
—+
=
)
®
o)
=]
T

(flushing), &89 (bleeding), A& (aggregate
logs)9] 471A] BERFo R FLEE AW AEDFS
71& EAEIL Al ZAEoe] A2 BEEE 4oz
FIOIATETL ExtASHA AlSE e 5ol HAggt
o, T E992 22 Yu|E AR
™ [F3fotATE O] 40| MIETE F9- of7| E=
= EoAdoltal okl [l ATES MR T =9
< 38 Folzkal Hojent, 22yt o] = 7HA|
g g2 FHO| u|11d AEAL A= =
£082 EFHAH(McLeod 1969,
Gransberg 2005). SAE S YYA7]= T8 HQle
B2 g SAEA, @.@i] U FIforATE LY
Z

EA7E FefotagEl] 2

Qulx o Z

hve == T
Ag BAE AL, RER0] B BAY AL ol

Ao (Shuler 1990, Gransberg 2005), & 27| &
& Foll WAst= Zlo] URtAo|t, o] 9of ml11y Ag
N Bl A ARE R 2] E4S 5715
4= QI tHGransberg 2005).

7|0l "

FoOIAZEL 19009 2ol AAtEo] AH§E 1
AR gon T fjolamE Age] ofe 7 4
HER Qloto] 1 AHEo] Z7hea Qlrk, thakt 3
Hgg glato] glofamES] Belyel B4
Yol A3Hs}7) et 4= glom] 1 o2 Abg e
e _TLE%o}O:] FELE oF Aslo] AFL Holg
24 PN 1t

GforamEe] o aels, AL, Uk

2Lore

-l> il oo o o

i}

=

30 2 gk

N
o rw L 14 ON
H
=
Jo
ot
2
[>
i)
1m
o

olr

Jo
ot
[

FABE = B0l EATE o] 9l ofATE Y7t
o=, 40~75%2] OFATE 25~60%

1~2.5%2] fropA|et S| e 8458
EP O]Hﬂ TAQAEL HA o] ‘4'*7(./4:_/]:] o 7

L

o
L
X
oL,

s

2 op
9§ %—E e ()
AT
flo -
3=
&
W,
_>‘4d
>4
o
fo [
H
{m
nr
wH
_EL
2
Oko
fo K
o T
2
o f
gL

Technical Advisory Guide, TAG 2003).

Asphalt Emulsion Manufacturers Association
(AEMA)] n2 e falolaates o] Hafd] 2jstof
2ol2, gole, ulol o] Al Az e U
o= Oﬁ}o]-/\_ﬂ'E«] o2 A ZA} T2 A& sl=
B0l ol &8 fulatul T} g AL SoI8
& ool vlole fajotABES] 9ot B A
85 A7} 8] =R 4719 o] & Asks 2Ajgto)

2 International Journal of Highway Engineering - Vol.16 No.5



3ol FRT A8 se mashBetolt o)
4§ BAE uHoR gole EAL wol7| mio|

SHH, frelotATES]
Al 2TEZE A9 HET
T HHE =5 njsin, o5 F HA A=
28t "RS" & #E A" (rapid set), "MS" = &1t
A& (medium set), SS"+= =7 Alg(slow set), L]
1 °QS"= 47 M"Y (quick set)E oJw|gt}, RS &3t
ofATE L EotA 3} H]—\:q ko] w2t AH-E 7
A ZAfete] 24 3ol ofHAY E7kss] e
of F= ¥ 22 %‘EHP*‘—J EZHo| ARgET. MS
FIOIATBEE FeEAte] Sl 8= F7It
S SR 4= Qo) SS fSloATEE 2 21
=Aeke] 232 sl AAENeH 7 Aol
R EFANT P71 S Uehich A4S
Zol7] §I5to] SS fBlolATEL B EYstel ALg
= 4 glon, eiFgolu LA 28HH QS 13t
oATE Ek ZTAo Zg5] 95 urEeiHon,
SS fololATERTE W AL HojFt F2
ufo]a @ Aojup ejel4le] AHgELh "HF & AlY
AZHE ehs 24 gkol] $1X)3kn, high float 33}
OFAZTE = float AlH(AASHTO T-50, ASTM D-
139)& Eﬂrﬂ FofIATES ofn|eitt, HF %ﬁ}OV\
PEL of T A2 olATE oo A FEo L

g5, Olﬂif& TERA EAS EE 2 HEHOHH A
SpotAZE S| 3-84S FYA7IAL HAES Wol o+t
g Aol A-&3tt}, HF f3fotAdEs 32 Jdn
& 3ol AHSET A" ]ﬁ% ‘%EHH% =4

ATE ] HALS L}E}q{q “1’ ° AALE Ul THE
O] fIfotATEES ougttt, FF "H' U “S"7t 8ot
ATE o539 ERE fAsH, "H & gt ok
ZEE AREsto] AAtE Rl ATES ot
(Wood et al. 2006). E3F 2™ 7|4 |F3lotATE
FAISH7] flste] “PT(E )9 LT (el 2ol AR
=

TAe} falolamEe] Aaee Aol B4
\‘jj_lé's J_].E:]o] O]OU:] Z-]X]—E'ﬂg] SFA 1—% 6‘]-0:] %Il;l_]—?}j
°2 471A]9] Z2|H(natural latex, synthetic latex,
latex styrene butadiene rubber(SBR), styrene
butadiene styrene (SBS))7} AMEEI gty oz A
A FAL 2.5~3%2] vl&= H7bE )

i
do
i

h8 [e]

1 SEOIAZE

v leAvfERtelu 320 WA A4S algste], of
FHOZ AMREE= 25—4 3ot AT E (CRS-2,
CRS—2L)E Agstlar, &1 7d S4& B71sh]
9Jste] SBS HHME 7tste] /A% CRS-2P7F A
SE AT A7) 3% FIfotATEE YA A E=
5ol

A AMREE fElotATE S BEAS Bt
Asto] AR A ok CSS-1HSF Z2H 2 H Road
ScienceAl?] PME-A2 Hammaker EastA}2]
PME-B 5 359 f3fotATETZL 485},

N
N
ik

N

it oz e AvfEetoly FolM = et A7t
do) AR ALGEC 2 A7E 95t ARAA AL
FH= 2 =d3 I st YA telo]
Bl AW 2712 B, Zgeled stgsisich, 2
29 Zujsly] 9Ig Hoh AAE AL oheo
.2.280] F=3hitt.

_I_L

=
Al

u%; mﬁ oo m
mﬂ =>.4=

4.2, duy

4.2.1. Bitumen Bond Strength(BBS) Test 71
FrefoATES ZAEH Y A
2ES =4357] ¢Y3slo] National Institute of
Standards and TechnologyAte] PATTI(Pneumatic

OFATE HholY EL

Fig. 1 PATTI Device

f=c2sts =28 - Al6H M55 3



Adhesion tensile Testing Instrument) &H|7} A&
Hok(Fig. 1). oFAZE 2 A 2o 7idE
AASHTO-TP 91| 7|d=lo] lon], oprme 2
Al¥(Bitumen Bond Strength(BBS) Test)o|2til &
gt

fEIAZEL 2wo uet 3§ 54 U BUAE
o tEs] fie], L& EA2 slotss] $istel A
RIS A AYLEE FAL 4 G A SlolA
AE, AP AL LG SES 2WY 5 Gk
2 ool 4 WL Fig. 2= AA| 3 SlolA] 713

5= BBS Al Y Bgs HoE

(b) Fog Seal

Fig. 2 BBS Specimens

4.2.2. BBS Al HMZ M=

ich
0

=4 b i |
HAEE S S AOR SEIATE MBS B
Azl 4 WSl FU ABLANA W
2o AW7)9 HEWA

120mm X 120mm
A2k of ARg-E ATk,
AR A 9]
gfo] welg lofs)
slo

oo
ot
) Al d
fr
e o
-1
-3
>
o
ol
02
rio
%

=
2 AEe QAT Ew
2

Jo

= r
N 3 e B2

>
S;_l‘
m
1o
i
9
IS
=2
u
2
o
s
~
=)
Ad
2
ﬂ-]'lo l"lO il

1
uj
ich
£
3
(op)
(@]
@
1o
olN
Sl
-
T
HIo
o
[op)
(@]
Ehs
ot
2
|

(v o

Ase AAsks e A &, 30x7
ol A 304 olhHE ARESt] A Y RS
&tof ARg-SFRITE

MEY] dAR AEHA Y FAE FAIsH] flste] A
2l AEo EEAE 20mme] o] 9l 400mm X
400mm AR HF)eb FA3kE 2719 pull-out
stube ARSSHITE SR HAA DA FAYE M
Z2 pull-out stube BEYUCEHN dAT HEHAT
FAE A 4= Sl

Pull-out stub> AE|QIH A AR TSR &
SPobATE  pull-out stub, I ZAEHLS] A
2k 915k pull-out stube Tk
oF gt} Pull-out stub 3Fdtofl+= 0.8m
o] QlojA fItotATE WES FAS 2HT 4 S
), Q¥ 2= FIOIATES HYE o 9l 4
Ao & 7HAIAL QiTt,

felotATE MEY Tz F&EH 9 A7)
o Zofl B GRS FAY WES AREStofof gttt 1
e 2704 fIfotATES AL H7HE £9 Hl&]
A FIletAERY 1Y) o] Hoh W HA4a
FAAZE ES et 53] 8 3 AE9 AH
L AEs] Eo157] Wizl A falotATE A
£ pull-out stube AHEE = §li= AR ofof
= 91t AP A olA FA f3fotATE
TS ME AEro] E7Fs sl AR ol
Qa, E3A AFLE Y5k pull-out stube] 2
ZAsto] A MES Aot v oY

e =
o
o o

[+
N o

T
gl'.
X
B gy
41 K
X
Y
of
ok
2

e
rlo F_R

W o
s

=
(o)
w
rlo
g
I
1o
Wi

4% A4 24 AE EEe) 917

EFf ™ Fig. 4= pull-out stub®]

=
i
x
1o
H
i)
o
i

4 International Journal of Highway Engineering - Vol.16 No.5



bl i SRl

; ]

= '

' |
i (]

L}

Fig.

e
re
Y
2
s
rlr
oQ
o Il
>
N
N,
M
i)
2
)
lud
ox.
=
rfo
H1

©
=
o
>

o rlo ox
ol
2 g
)

o]
T

Pad
S
2
=)
oy
%
ft Ho >
> 8
Emﬂ e
oo |m Z
o?:ﬁ[‘_,cl
= o =
ooy X
P o
H
o _(|>L313 jucd)
o by
N oo
(/) =3 l
ol O T oz 1o

=

(" o PElrRClBehioihe agersaeis subsiraie
W ond healif upiioleslinoempeciune)

Fig. 5 BBS Test Procedure

goloramEo] Hatele PAlo] AT BT A
e AL ofshaly] $I% BT A4S Fof dhuol
o AToAE fololamEY Hake 54 /e

(o]
02 sto] J4| F84E /15 Slsto] chekt
RAZHBOR, 605, 1208, 2408)3 SE=(15C, 25T
357)°) A BBS A13S S35ttt

’

QPN BUT 270 B4 T ool
of PYEHS WAL SIshel 37H WUE B3

Utk BBS Al thefet FAHAIZHB0E, 60+, 120
B 2408), FHL=(15T, 25T, 35C)0A 3=
o}, Al FY AF F FYEE A RAIS
7] $15ke] BBS Ald 9] A o2 2=xHo| 7Heet A
] Qhof|A] =e=|gich 5t A RHA A 712 A]
AE Astglon Aagle Hat ks ARSI

Fig. 61} Fig. 72 A FIfolAZEE AMES 2%
¥ BBS AlE 235 YERT,

Fig. 694 &2™ 7|d {3 ZE (polymer —
modified emulsion, PME)& 7A & R] &2 §3lofA
FE(CRS-2)Et}t et J2te E4E Ho2ch 1
g 15T A1d Axk= CRS-29] Hztgol o2 ™
FIfOIATERT 2 J2ES Yehdct ojdt 4
e 2 EAS 18T o oS ER] o2 Aol
o, AFo A3E ASdH] flste] SBS CRS-2P&
ARgSto] 15T ollA 7S =aEtgl o 7129 4
Yo} A AIE Alrt,

i
2
B
(g
o
=
>
o

jg_

%'41:‘ “rbr AT T

EHr} Wolx]7] giiolztal gtEth HELo] =
t AL fFolopaTESl BReke] HEHo| Yolx=
AL oulsiy | §& HEHH2 FUSH 2 A B} &
3 Hz2g e ey "o, Z8y A Gslopazt
Eo] JA2 dnty oz AR e FIlopATE 9]
AAHEL ooz A B Ago AR CRS-22] 3
F80] 15T =AM 7P 93 AoE Algd
t},

o
H
H
tu
o
Tob
i
HO
1gal

|- Hdied M5E 5



400
OCRS-2 15°C
ACRS-2L 15°C @
ESOO | OCRS-2P 15DC
= o
.—C_.m [m] A
<200 o
= (o]
73]
o A
s 100
m
0

0 30 60 90 120 150 180 210 240
Time (Minute)

(a) 15C
400
OCRS-2 25°C
ACRS-2L 25°C
E 300 _OCRS-2P 25°C ]
= o
& g = o
$200 o
7] o B
b=} a
5 100
a 3 A
O 1 1 L 1 1 1 1

0 30 60 90 120 150 180 210 240
Time (Minute)

(b) 25°C
400

OCRS-2 35°C

ACRS-2L 35°C
E3OO | ©CRS-2P 35°C
=
=
k=
g 200 o
»
- g o
2 100 : 8

0 1 1 1 1 1 1 L
0 30 60 90 120 150 180 210 240

Time (Minute)

(c) 35°C

Fig. 6 BBS Test Results using Chip Seal Emulsions

Fig. 7oAl AT ol o2 2k WskE v]ast
7] 9J5ke] 4417 ¥ 3 BBS AlY AWE 7|EC g 3}
of Z} eFAYAIZe| W AutE 2= HE YERf gl

Ui
Ao 27] YA FH0~60), =
A Z7171 o|FojA| | 1208 o]Fol= F7}8o]
FolEx AL ¥ 4 Qloieh aes P4 A 3
oA 27] 1AZF W&l e] FAYAIzte] Aoz F-84

12

1.0

0.8

0.6

04

0.2

0.0

1.2

1.0

0.8

0.6

0.4

0.2

0.0

1.2

1.0

0.8

0.6

04

0.2

0.0

0CRS-2 15°C oCRS-2L 15°C

AaCRS-2P 15°C

30 Min.

120 Min. 240 Min.

mOCRS-225°C oCRS-2L 25°C

aCRS-2P 25°C

120 Min. 240 Min.

mCRS-235°C =CRS-2L 35°C

@CRS-2P 35°C

120 Min. 240 Min.

E4 GlOIABEY PYEAS FIe 9t
50 o

oF
180+, 24A17h),
(

CHFSE AFAYAIZHB0E, 608, 90+, 1208,
frafotAZE 285(0.27, 0.54,

0.86, 1.13L/m” (0.06, 0.12, 0.19, 0.25gal/yd"), ¥y

=%(25T, 30T, 35C)
Tz U o Haz

P

oA ST, et A

o AL-5(0.27, 0.54L/m»)NA EA7} HAE

M OR §ololABEL 60~80%0] olAHE

6 International Journal of Highway Engineering - Vol.16 No.5




X

£ THohd x4 f3fotAamES] e &
fJste] L1EAR)] BlER & AlolA M4
o 2ol AA| BBS AlE AlHAIE $, AJHS] A

AlZtell wlEsto] FHashA| Hlot, A= olgh A
& ko] TAEHT} pull-out stub Alo]ol ZE3t
27

ORi
m

o ye
e
N

_IZi o
03

N
_l_u
B oz

¥
ke

2

o)
e m

1S BHealA] BahA| Ho| AlFA 9l A%
Fo17) oA Hrk olo] & Apore W
. 0.54L/m)T 7H o Aes(dubAol E1A

ni‘éfr

.
HgRe 20517 GRS A 113L/m (0,19
gal/yd))2] ZIpHe =&3ko] B3

1000
OCSS-1H 25°C
APME-A 25°C
= 800 [oPMEB25°C @
o @
= [}
£ 600 |
g o
% 400 | 8 = - -
4 O
c
o
o 200 |
D 1 1 1 1 | 1 1
0 30 60 90 120 150 180 210 240
Time (Minute)
(a) 25°C
1000
OCSS-1H 30°C
APME-A 30°C
= 800 - oPMEB30°C
o
=
£ 600 | @
= a Q
2 e 9@
=
i 400 | a
2 5 o °
o u]
@ 200 r
0 | 1 1 1 ! ! |
0 30 60 90 120 150 180 210 240
Time (Minute)
(b) 30T
1000
OCSS-1H 35°C
APME-A 35°C
= 800 FoPMEB35C
o
=
£ 600 |
=)
c
=
i 400 |
o 6 o © 2
= @
m 300 | m] [m] m] o o
O 1 | 1 1 ! 1 1
0 30 60 90 120 150 180 210 240
Time (Minute)
(c) 35T

Fig. 8 BBS Test Results using Fog Seal Emulsions

Fig, 8941 Zej0] 4 fetopAdEL AL ¢
£ fololABECSSTHNT S48 U3 54
Uehich, 341740 9P T M2 vl o, Feo
A gafol sl Yarele e oz 0SS-1H 4
2elo] ouf A= e ATHE HolE

lm

1.2
oCSS-1H 25°C  aPME-A 25°C  @aPME-B 25°C

1.0 _ 7
0.8 |
0.6
0.4

0.2

0.0

30 Min. 60 Min. 90Min. 120 Min. 180 Min. 1 Day

(a) 257

1.2

oCSS-1H 30°C  aPME-A 30°C  ePME-B 30°C
1.0

0.8

0.6

0.4

0.2

0.0

30 Min. 60Min. 90 Min. 120 Min. 180 Min. 1 Day

(b) 30C

1.2

oCSS-1H 35°C  aPME-A 35°C  @PME-B 35°C

i i B
0.8
0.6
04

0.2

O

0.0 - -
30 Min. 60 Min. 90 Min. 120 Min. 180 Min.

(c) 35C

Fig. 9 Bond Strength Comparison of Fog Seal Emulsions

Fig. 9olA= AT wE Hate Hals )
5171 fiste] 2447 FA = o a%s
2 5to] ) ARl mhE A9E 2 R YR
Ak,

ol
we]
we]
[@p]
>,
i}
&

=283 =23 - Mi6d HMss 7



Qi =] 7g

S UEpion] 27] AT EHO~608), TR

of kel 3718 e A 1208 olF ok 27180l
o

Fase AL 4 ek 2gER 234 AF
AolA 27] 1A7F Ul9]o] oFriA|7to] A Aoz I8
Ao 283 9 AR 2R 5= Ao g AR EH T}

6. 22

# AtolA= %O gk 27 sloll A opeFet f3fops
B7tst7] fiske] 37kA] JA & 3t
o}AZE(CRS-2, CRS-2L, SBS CRS-2P)¢} 3714
EZIHE [FEfotATE(CSS-1H, PME-A, PME-B)
£ Akt JAE fElotATE FHUE S5kl
CHFSE BFRYAIZHBOE, 60, 120%, 240
5(15"0, 25T, 350)olA 3= on x

OIATES AMERE A& FAAITHBOE,
08, 908, 1208, 180, 24A|17h), F3lotIAZE 2
£5(0.27, 0.54, 0.86, 1.13L/m* (0.06, 0.12, 0.19,
0.25gal/yd?), 2= (25C, 30T, 35T) =7
A QT A|H O] kAT AY 2 e E oA

op
Ofr

us]
oy}
N
T X
o= ot
l‘l-o flo

’

= K
~
oo 0
:|o

=i

=i

SHAl frA18k7] flste] BBS Al@ 9] Aapye 2=z

o] 7Faeh HH QoA paEglon] FUT HYP=

oA Al e AlHE AAsGen AY A=

AASHTO TP-91 Aol &JATI] Btats AHE-sH3

ot & AtolA o B2 AES =SS

1 9% 27 stollA Eejv N fafotAdEE )
Aw)A] ok f3lotATE Hs| 943 A £
3S Herdich

2. &, Zoin] Hd ffolaTEL 945t HAte B4
oz Qlsto] EAEHYA 2 27|wEHEe] B4
& Hole Aog weEn

3. E3t U 27 stoA ZH WA [F3totATE
7rol A& EAQLS AL FUd AS T 4= 9
At

4, 27] FAATHIAZE oY) B3 90% ol4Fe] &
o] L mg A U x4 FHE ALY & 27
FAYAT o] T8 S8 dFS A= AR
HotE ot

References

American Association of State and Highway Transportation
Officials (AASHTO). Standard Test Method of Test for
Dertermining Asphalt Binder Strength by Means of the Asphalt
Bond Strength (ABS) Test. AASHTO TP:91-11.

McLeod, N. W. (1969). A General Method of Design for Seal Coats
and Surface Treatments. Proceedings of the Association of
Asphalt Paving Technologists, Vol. 38.

Gransberg, D. D. and D. M. B. James. (2005) Chip Seal Best
Practices. NCHRP Synthesis 342, Transportation Research
Board, Washington, D.C.

Shuler, S. (1990) Chip Seal for High Traffic Pavements.
Transportation Research Record: Journal of the Transportation
Research Board, No 1259, TRB, National Research Council,
Washington, D.C.

California Department of Transportation. (2003) Maintenance
Technical Advisory Guide (TAG). In Caltrans Division of
Maintenance.

Asphalt Emulsion Manufacturers Association (AEMA). Asphalt
Emulsion. AEMA Brochure.

http://www.aema.org/downloads/AEMA % 20Brochure.pdf

Wood, T. J., D. W. Janisch, and F. S. Gaillard. (2006). Minnesota
Seal Coat Handbook 2006. Minnesota Department of
Transportation, Office of Minnesota Road Research.

Im, J. H. and Y. R. Kim. (2013). Methods for Fog Seal Field Test
with Polymer-Modified Emulsions: Development and
Performance Evaluation. Transportation Research Record:
Journal of the Transportation Research Board, No. 2361,
Transportation Research Board of the National Academies,
Washington, D.C., pp. 88-97.

8 International Journal of Highway Engineering - Vol.16 No.5



