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Performance of Polymer-modified Fog
Seal Materials
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Abstract: The traditional indexes test, multiple stress
creep and recovery (MSCR) test, amplitude sweep and
frequency sweep test were conducted to study the
rejuvenation effect of fog seal material on aging asphalt.
Then,

stripping test of Marshall specimens soaked in fog seal

the freeze-thaw splitting test and Cantanbro

materials were also conducted to explore the effect of fog
seal materials on the durability of asphalt mixture,
respectively. It is shown that the waterborne acrylate and
waterborne polyurethane play a synergistic enhanced
effect and improve the elastic properties of asphalt. The
fog seal materials with carbamate and carboxyl polar
enhance water

groups stability and anti-loosening
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performance of asphalt mixture significantly. According to
the significance testing and grey relational analysis, the
regeneration indexes of the fog seal materials present a

strong consistency.

Key words: road engineering; fog seal; waterborne

additive; emulsified asphalt; preventive maintenance
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Tab.1 Basic properties of base asphalt and emulsified asphalt

PERETR bR Hfy 705 [ AR bR NSRS
B ABE(25°C,555,100 g) 0.1mm 71.2 60~80 T 0604
Ak (REB) C 46.3 =46 T 0606
60 “Csl 17k Pass 192 =180 T 0620
15 CHEfiE cm >150 =100 T 0605
I (15°0) gecm 1.035 >1.01 T 0603
NS C 276 =260 T 0611
o GEIRERL) % 1.7 <2.0 T 0615
iz =z an By SBRELILIITT SBS FLAL T M T %
RAEHIEE (25 °C) 13.0 4.8 T 0622
KRR i % 59 62 T 0651
i 1Ay (1. 18 mm) % 0.06 0.06 T 0652
B FL A FHE T (+) FHEF (+) T 0653
AR EME(L d) % 0.3 0.5 T 0655
fEafEE(S d) % 1.1 1.5 T 0655
gL 12 T T 0658
F2 KEMMEFIFEARMER
Tab.2 Basic properties of waterborne additives
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Fig.3 Penetration, softening point and ductility of aged asphalt with the addition of fog seal materials
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Tab.3 Characteristic parameters of linear visco-

elastic region

WiIEFE i /kPa FFERiaE/kPa WERA AR e /%0

EDiE 3.89 19.28 25.15
SBR 2.54 13.86 31.62
SBR- N HRTR 2.84 14.09 25.13
SBR-+ %% [k 3.51 16.01 15. 86
SBS 2.49 14.03 31.64
SBSH MR G 2.77 14.53 25.12
Star Seal 2.20 12.05 0.50

FIRE 1A T REAIG, S PR 2l it DX R IR I AR A Fr 344

R, RN LAERETANE DA TR, R BLH S5 B =AY

30 590
251 T 80
< g
§ .
220 _ 470 ~
@ 7 ' “
156 — ZWE 7/ | ~
R - - -SBS /16 &
= -~ SBS+FJEM d
410 F SBR+E & & 150 =<
» — Star Seal
5 4 40
0 \J | 1 30
0.1 1 10 100
HiZ | Hz
a SBRILALIITHE A A BT V1B & S5 AR £
30 490
95 | b 20
£
220+ 70, .~
- P
15 -
= -~ SBS+PMEHARY =
4o 10 Star Seal 150 =
i
St {40
0 30
0.1 1 10 100
FE /| Hz

¢ SBSHYIH FEALH BY PIA & 5 AH AL

XF AR T B AR . SR, 7J<'$B~ﬂ?ﬁ%@§ﬁﬁ
FUKPE R E R B AL T 2R A7 A
AR {sz/J\T%%WE%@EWErj , 2]
IKPE P TR TR AR PR R 2 R 1 %5 £ 2 A &5
PEER 3, B i 1R Ay X 5 A G AR R A i e 4
R—2.
2.4 ETMEAHOBEIRITEM

FH S AR R0 ] A5 2045 U 1 R b R I0R
AR A DT DI R FARAL A, DA i A A G B
R, I 2 SR N 5] 6 TR o AR 5 D0 38 3 45 1)
fa AR 10 Hz /RN RIS R IR R &
BYDITE A A A G A 4 s .

30 ¢
— ZNWE
25 + - - -SBR :
-~ SBR+N RS ’
s 50 | SBREREME :
& —— Star Seal !
Mogs |
15
&
W 10
5 L
0 ! .
0.1 1 10 100
A% / Hz
b SBRIUVLITTEHAHEREAE T
30
— EWIH
25+ ---SBS
- SBS+W%%E§EE ;
= i Star Sea 4
g f
M
&
#

100

iF /| Hz
d SBSAMWIHREAHEMEA T

E6 SHERFAfL%

Fig.6 Frequency sweep curve

B B VIR R AL AR PTSIE 1 fiE
PFEMEE%%EJL{FWFJJ*%E% RAIUE =R A NNE RIS
4] AR, B INEAUR B AW K, 5245 87 1)
i T4 v L AL A 2 IR B O N
HHEE SBR A SBS S FLAIF , /K PR IR T A 7K
YER AN A Mo HR MR S & By DI i
FI8 /NG5 £ R ORI AIOL A, 52 B SR TR RE ) 4

SRR . RN TS T 2B I UIRLE AIAH

(L LS IiHJ%T‘?F%EH*HEETfTTTW(’Eﬁ“

FERIPERE . HCH I IR SR8 B Al AAS LR &5

S B R PORHIE A SRR AL e R (R )Ht
BB GRUE 7, BEBT 7 AR N i ae

ﬁFNEWEFH s PR (g il ) AR A A A 1~ AR

FHZEAK  (H SR AT BT R, DLW 25 02 ARG



1478

6] 5% K 2 2 (A 4K BE 2 B

% 50 %

R4 10 Hz THREFWISTESH

Tab.4 Characteristic parameters of frequency
sweep at 10 Hz
Wit R HEWIR ) FHOTE
H/kPa kPa

s 3.999 84.95 3.634
SBR 2.767 83.27 2.786
SBR-+ NN 2.874 81. 64 2. 905
SBR-+ %4 [k 3. 345 78.13 3.418
SBS 2.743 82.99 2.763
SBS i AR TR 2.821 82.14 2. 848
Star Seal 2. 341 83.03 2. 358
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Fig.7 Moisture damage and splitting strength of asphalt mixture after freeze-thaw
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Fig.8 Stripping disease and Cantanbro stripping test results
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Fig.9 Schematic diagram of crosslinking and curing reaction of waterborne polyurethane and acrylate
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Tab.5 Significance statistical analysis of fog seal materials’ performance (2=0.05)

1% HZBORHERER b P

P =] =5 2 oy

PEREHE PR SBR- Pl FaTE SBR+E &Ik SBS-+ AR

B 0.385 0.103 0.678

Ak 0.208 0.111 0.070

HEE 0.004 0.009 0.062

Jwon 0.010 0.015 0.015

. 0. 004 0.012 0.122

R, 0.008 0.003 0.006

R,, 0.001 0.002 0.033

W BRIV A €, 0.004 0.001 0. 006

KRS 0.593 0.003 0.412

RAlEF 28 15 L 0. 860 0.391 0.054

JRE IR A 0. 002 0.003 0.007

*6 EHEMPBERRKEXESH

Tab.6 Gray relational analysis of fog seal materials’ rejuvenation effects

A AEREREBRAY K (0 S KL

Y‘Jﬁzls*il:l
i A Hfed A Too Toss R, R, WA, R T
ZALT 0.429 0. 667 0. 454 0.429 0.429 0.674 0.518 0. 449 0.429
SBR 0.519 0.439 1. 000 0.518 0.513 0. 806 1. 000 0.429 0. 555
SBR+ 4R ES 0.540 0.515 0.429 0. 468 0.477 0.552 0. 506 0.449 0. 520
SBR+ %4k 0.547 0. 556 0.452 0.474 0.455 0.429 0.429 0. 502 0. 445
SBS 0.575 0.451 0. 459 0. 584 0.576 0.785 0. 862 0.429 0. 563
SBS+ AR 0.563 1. 000 0.438 0.458 0.489 0. 445 0. 469 0.449 0.535
Star Seal 1. 000 0.429 0. 440 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
AR R T AR FepERe 22, T I AR YR 2 I AR R 4T
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Fig.10 Gray correlation coefficient of fog seal

materials’ rejuvenation effects
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