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ABSTRACT

PURPOSES : The study objective was to evaluate theology and physical properties of SBS-modified warm-mix asphalt (WMA) binders in
comparison with hot-mix asphalt (HMA) binders.

METHODS : Four different SBS polymers were used to prepare polymer-modified asphalt (PMA) binders, and three different warm-mix
additives (WAD) were used to prepare a total of 12 WMA PMA binders. The kinematic viscosity was measured at 115, 135C. The PG was
determined using DSR and BBR. The pass/fail (P/F) temperatures for high and low PG grading were evaluated for HMA PMA and WMA
PMA binders.

RESULTS : PG 76-22 binders could be prepared by modifying the base binder (PG 64-22) using 4.5 wt% of SBS. The kinematic viscosity
(KV) of SBS PMA was increased by 3 times higher than that of base asphalt. The SBS PMA with WAD showed 10% lower KV than that of
the normal SBS PMA at 115 The high P/F temperatures showed almost no difference between HMA PMA and WMA PMA binders. The
high P/F temperature showed very high correlations with KV (R* > 0.97). The result of SBS modification caused increase of low P/F
temperature by 2.7°C on average.

CONCLUSIONS : Since the PMA with WAD showed 10% lower KV than normal (HMA) PMA at 115TC, reducing PMA mixture
temperature down to a WMA level was possible in this study. The higher KV binders showed the higher P/F temperature. There was almost no
change in high P/F temperature due to the use of WAD. The SBS PMA, showing an increased low P/F temperature, might show somewhat
poorer performance at low-temperature, even though the lower PG grade was staying at the same level, i.e., -22C.
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1Y 2AWE (rutting) AFA, QA= (tensile
strength)®] £ ¥ %Y(cracking) AFE-S FAA|
71tk 3 ZA|F] &2 (adsorption) FAS EHE
(stripping) A4 $% 59 &S 7IHE = ot
olg3t A&E 5 SBS (styrene—butadiene—styrene)
= AT EY JNHA R 7P Wol ol EYH 5 o}
tolth, SBSE A7IE Ed W A ATE
(polymer—modified asphalt: PMA)= &&= 7174 9]
A Fol5e] 1 FE2E 60~80TlA ©ol
FEER AU ARt shARE SBS PMA+
L7} GolxH 2 A (workability) o] WA= T4
T Qlol @A Ay oA e E & ek A
T7b wobA o EEE U 4 Sl Ar|Hew
=shxlggo] Wl wdo] FHE7| = H(Kim et al.,
2004).

QT A Ropo| A e He 7|0 o] AR I
7F =3 Qloh, 53] SR xR R ANShe 7HE ol
SdES A F I olA Badt 2= fAE ¢
hFe] CO7F A E T, ofof e vRet X2
Al QR Z711g7H, oy
A2 Aok QR 2 T FHOREA Fi2 of
ATE (warm—mix asphalt: WMA) 7|&7ldbo] o] F0]
AL Sk, webs] SBSO| -84 SiE flsiAl= ol
WMAS] &&sl= A5 &3l 1 284S SRlT Zda
7} JIEHDoh et al., 2010, Kim et al., 2011, La et al.,
2009).

2 Ao BAE thfet T79 SBSeF #1123} A
7HA(warm-mix additive: WAD)9] A3 H7Hv]&
= Z2Asto] AHEREE WE WMA HRRIHE A6}
of uRjlt] 9] 112 EA& B7ek= Aot k3 il
3t H7HIE AMESHA] g2 PMASE WMA PMAS =
A& vt 4§ 754 Brkskleh

2. Mz U AlEy
21. M=

H Q1of A= Pen. 60-80(PG64-22) 552 Unt
ATES ANl AR S LAY SBS 3%+
&= KA SBS 1575 AHE-8HItHTable 1). SBS
PMAE &£112 &% & T157] 98] 3714 WADE At
2313}, o5 Al Evotherm(E), 25572 wax2}

S 233 Pexbol(P), 94¢1 Leadcap(L)o]t.

Fig. 1~32 & g7kl AMS-2 WADE EofEth,

]_

=
bio oil 5= &

Table 1. The Properties of SBS Polymer

Density |polystyrene Melt Index | Hardness,
(9/cm®)  |content (%) (2007, shore A
Skg) (15sec)
0.93 20.0 <1 57
0.94 31.0 <1 79
0.94 33.0 <1 84
0.94 30.5 <1 70

Fig. 1 Pexbol compound

EVOTHERM M1

Fig. 2 Evotherm M1

Fig. 3 Leadcap
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PMA AR+ ofATEE 185CE 71¥ ¥ SBSE
FH2 293 A A3 Yo Homogenizers
9-5}04 5,000rpm 2.2 1A|7F wHEsAtH(Fig, 4).
WAD+= wBF & 39 5EH AHGEEEE ‘%?‘21‘4.
SBSQ] FFol wak HMASF WMA PMAE A1 2319
o}, E3F ARS-E WADO] A8 Table 29F 2},

S 3 Z(kinematic viscosity) AlF(KS F 2392)2
BRI A=A (Fig. 5)F AHgste] &3 2594
135CeF WMA 29 #4229 N5ToAlME 5%
At OV\"LEQ} 2UES Ad2=0] 3027t J
3} A7l & 1587 2852 S-S E 20rpm O E &
A5t Dast HA torqued 182 HH02 33 =4
shaict,

G FA (dynamic shear rheometer: DSR, Fig.
6) A2 EetAd A4 (complex shear modulus: G¥)
2 94 7ZHphase angle! 6= Z74sto] HIRIE Q] 4
B2 SAEIATE GF/sin 6= HIRITE 9] HEH
Xé% ofl A I stiffnessE UERHTE

1dEOl-N

Ol'
- —

0_L4

B AgSL,

H(performance grade: PG)&

Table 2. Binder Designation

i i Modifier| WMA additives(WAD)
Binder type Naming
SBS P L E
HMA N* - - -
N (P) 1.7 - -
Normal No
WMA N (L) - 1.5 -
N (E) - - 0.5
HMA SA - - -
SA (P) SA 1.7 - -
WMA | SA (L) | 45% | - 1.5 -
SA (E) - - 0.5
HMA SB - - -
SB (P) SB 1.7 - -
WMA | SB (L) | 45% | - 1.5 -
SB (B) - - 0.5
PMA
HMA SC - - -
SC (P) SC 1.7 - -
WMA | SC (L) | 45% | - 1.5 -
SC (E) - - 0.5
HMA SD - - -
SD (P) SD 1.7 - -
WMA | SD (L) 4.5% - 1.5 -
SD (B) - - 0.5

% N:Normal binder (PG64-22)

Fig. 6 Dynamic Shear Rheometer

2ol A vlelt] 9] 7FA(stiffness)dt HIEES =74
5l7] $siA BRFA (bending beam rheometer:
BBR) AlA(KS F 2390)& s=3y5Fqleh. 82Ql & o]
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oA stiffness= 300MPa ©]3},
m-valuei= 0.3 O|F & A= o] Qi)

BBR Al¥-& 913l WA Rolling thin film oven(RTFO)
o= w3t g vl E dH w37
(Pressure aging vessel: PAV)E o]-&3lo] 7|3} A]
Atk 44 A stol|A] ofAZE H(beam)o] H HE9]
AT 35S 7P, 1 2% methanolo] S013&
ol o8 FASHTE AlE-E o] 125mm,
12.7mm, F7| 6.35mm®] F40]iL, AJHl| 100g2] &
< 240% F<F Astetoict. o1& Fall stiffnesset m-
valueE 7+5to] PG A5+ Ao &-8313ltt Fig. 7
2 Ato AM-H BBR AH| 9] Apxlolt),

3z
=
=

BENDING BEAM RHEOMETER

Fig. 7 Bending Beam Rheometer

3. Zut H nF

PG64-22 ofAZEC] SBSE 4.5% A7}59S o
BE PGT76-22 599 PMAE ¥3ith. Normal(N)
HMA % N WMA, SBS PMA®} SBS WMAES | %35}
IRl B4 AdE 3skeitt. 1 2= Table 3

off Leh it

3.1, Sz

Table 33 Fig. 83 Zo] SBS&E 7f&stH 115TH
% N HRoIE o] Blale] 3.1~3.78), 135ClAE
2.8~3. T =2 TAE & Yerillch ZeudE 2
¥ HMAo|| A= SB7F 74 3L WMAC| A= SA7} 3
o] 7P =941, SC7F HMA, WMA 2504 7H4
P FAEE Bt

Table 3. Results of Binder Tests

KV DSR BBR
) High Low
BInder| st | 1asc T%rgp. STegz'ge T(g:gp. S.regr‘gge
() (0)
N | 1392 | 472 | 677 | 64 -16 | -22
N(P) | 1,033 | 408 | 672 | 64 -15 | 22
N(L) | 983 | 350 | 66.1 64 -3 | -2
N(E) | 1,083 | 366 | 658 | 64 -6 | -22
Avg. 1,033.0| 3747 | 664 | 640 | -147
SA | 4983|1647 | 811 76 13 | -22
SAP) | 4547 | 1542 | 795 | 76 -4 | -22
SA(L) | 4417 | 1,450 | 805 | 76 -13 | -22
SA(E) | 4,684 | 1,559 | 802 | 76 -3 | -22
Avg. 145493(1517.0] 801 | 760 | -133
SB | 5161|1727 | 803 | 76 -4 | -22
SB(P) | 4,023 | 1,351 | 798 | 76 -14 | 22
SBIL) | 4102 | 1,475 | 778 | 76 13 | -22
SBE) | 4,841 | 1522 | 780 | 76 -13 | -22
Avg. 4,322.0(1,449.3] 785 | 760 | -13.3
SC |4400|1344| 782 | 76 -14 | 22
SC(P) | 4,243 | 1,334 | 78 76 13 | -22
SC(L) | 4125 | 1325 | 776 | 76 -13 | 22
SCE) | 4165 | 1,320 | 77.8 | 76 13 | -22
Avg. |41777(1.3263| 778 | 760 | -13.0
SD | 4747 [ 1630 792 | 76 13 | -22
SD(P) | 4,233 | 1487 | 785 | 76 -13 | -22
SD(L) | 4,251 | 1,413 | 781 76 13 | -22
SD(E) | 4,323 | 1,448 | 789 | 76 -13 | -22
Avg. |4,269.01,449.3| 785 | 76.0 | -13.0

WADE #7Fstd ZH2F HMA HRQIE|of vlsto] tha
Wo SAEE B Fig. 9, 1004 HojF%o] dut
ofATE| WAD H7H= 115T oA 25% o4, 135C
oA 20% ©1] THE At o, SBS PMA
oAz Bt 10% A% 2ot d arpal AL o &
et

SBS TRHE HMAS} H| WIS 45 HE=
115, 1354 3] SB7F 83% W= 7% Wi, S
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Fig. 8 Kinematic Viscosity (KV) of HMA and WMA Binders
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Fig. 9 KV and its Reduction Ratio by WAD at 115C
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Fig. 10 KV and its Reduction Ratio by WAD at 135
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Fig. 11 P/F Temp. and its Ratio of WMA
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Fig. 12 Relationship of P/F Temp. and Kinematic Viscosity
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Fig. 14 Low P/F Temp. of HMA and WMA Binders
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