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tion, in case of the specimen of waterproofing polymer-modified
asphalt with a basic composition, filled with 5% CaCOs; as a con-
ventional filler, the requirement of water pressure of water pen-
etration resistance (i.e., 0.3 N/mm?) was not satisfied according
to KS F 4935. However, in case of the specimen of the hybrid
waterproofing polymer-modified asphalt filled with carbon fiber
(2.5%) and stearic acid-coated CaCO; (2.5%), the requirement
of water pressure of water penetration resistance was satisfied
according to KS F 4935, even though water even penetrates at the
water pressure of 0.4 N/mm’,

Keywords: hybrid waterproofing polymer-modified asphalt,
carbon fiber, stearic acid-coated CaCOs, hybrid fillers.
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AT (2.5%)2] A 2AHE 717 slo] By
= A H7HE StelB|s W S Fot A" ES] 790,
stolHzl= 2AAN Qe 7ERA e B4R 1=
FAA Gl 5% ZAVE TR Hge ot
Eo} =24, KS F 32119 A%, A5 2 A9 =e]
[IZFAS DI TS 7B WU A Fo~TE
o] 712 FAA erLE 5% ZANE 7R E W= )2
of~FEL ALolE $%0] 0.3 N/mm? 7359 FrE o)A
KS F 49359 BRI A 83218 T=EA171A
EaRou, HAAHRANE 717 slolHE|= vk s doiagt
E Ao that EFEATY T AldolME 0.4 N/mm?e] $%
oA F7t HASE Bskal, 4] 0.3 N/mm? 7390l
E5ER] ot FFA 85l A KS F 49352 WA ZiTh

Abstract: In this study, an optimal composition of hybrid fillers
was sought to be filled in hybrid waterproofing polymer-mod-
ified asphalt. The hybrid waterproofing polymer-modified
asphalt filled with carbon fiber (2.5%) and stearic acid-coated
CaCO; (2.5%), which was turned out the optimal filler com-
position, satisfied the requirements of tensile strength, elongation
and tearing strength of KS F 3211 unlike a waterproofing poly-
mer-modified asphalt with a basic composition without the
hybrid fillers or with 5% CaCO; as a conventional filler. In addi-
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W - TE S V& FAREA S vSS 850 4
JA RS THAR SEEIL AU vIHstS ek A7)
F2 AT Qo) H|F0] 2.71~2.830 2 AR Fo H]
& A, vjgsiel ebdg A= d9siioR =& 3W
AR &} 2k YAAZR 38l FHE G| dojdtt. Bt
g BA FHS S 98-S TR BER BISAES e
71 wi7iA e} x1sko] wig- Ah! wheba Bkt AR
He| TP o R st HIF/AE we JHEokATES} Y] 21
slgo] ofale] JHOFATE oA iE4te] HA] e &3
o] WAYste] ot FES] BRI ofHt. o e &
2 A EEjelgd] B FejzagalA] sdAe] A
7Vl &8-f5, T B AAlgo] st 93|
AE Ad@Ael AskEArkal BAE|RIet? 22} Rai®t Singh’
= EP2HAY ey E9A] AT eAEES Tt
SHA] gk ZR|2ERl BRI B E, 9304 (fracture
toughness) B flexural strength”} 7]41=]oA, B =& 7]A1%]
=S BHval BEth. Cardone 52 7 Hol~TEY
A3]t ARkl FAAE S IS multiple stress
creep recovery(MSCR) A& 35+ A=A, T4 54
2 AN} A o] X9 FEjel wEbA H3Fe] G
d(rutting)oll thek W73 74 2 €A G397} vhar
R3St} Mazzoni 5-2° SBS/I|Zo~BEZRE bitumen
o] npoly] AJE-Ql v 2~E](masticyS A|Z3)L, nj2=Eof A413]
(limestone) THAAE S E3A| e SA= AE573A
bitumen’d WF-ollA 7Hd 47 2Heste g 44 ks
Fole A& |2 (fatigue) 2 A7 HE S (self-healing)] 7A]
oM SFTial RStk Arabani 520 AlEFelAdf2) o}
ZE E3AoA ] ZAIH A tigh S ek 2AKE
T, 3% AT IAFE H7FE ofATE H3A| 9
71AIA Aol AU HFA L] ST H2E




ATt

AR 545 Axdte B A7 Ho gl &-at
AL BN e AR H /YRS ok ATE B o
T= vl A& Holt}, Khattak 52" gL Ao}
2~ZE B9 (carbon nano-fiber modified asphalt mixture)”}
oISl W vlA] I3 (crack)yS HAAZ|ZL TlA] Z <]
AuE WAoo, 513 A& (permanent deformation-
resistance)S 7N AT 7313t} Santagata 52" 7}
HUERH (CNT)E oF~ZE (bitumen)l] 0.5% o4+ 3718}
Rg Woll F58H SA e 9T MHL, CNT=
of~TES] XA A& (rutting resistance potential)}
g4 =z (thermal cracking) A &S A IA|FA T B8}
ATk Xiao 52" A ok=ZE BRIl 0.5, 1.0 B 1.5% &
Fol SR E FURE 539 58H SAS A
st 7HE gl Ahe] B} g B B complex
modulus), B3 A4 (elastic modulus)E =LA 3132, 24 HE
A B (rutting  resistance)S RS AT EATE E3H
Amirkhanian 5= BAWEYAE ofSTE] 1% o) H
7VetiS woll ofAZE B4 i & FEE T B
R oA

o]} Zro] Al BAAfY, B RE T At
o] 7499 tEA|, A WA TE B Ao
A 'R, A3 e A T 71 A A
o= 71717 4%l FEAY e 23| A= ATk
ke B v FEste] gk weba] o2 d 3lgde] 7
FAA ] 71sE Askelr] flsted HISA fIEE
2 NS NE At BSA f71EE e 2151
< NAske] FELIe f71Ed A84d0] E3E 4 ok

2 AFolM e e, e, 2ol LAy e
ZF(stearic acid-coated calcium carbonate) = 552 B4
Aot ZElotEibay eREES AR SAg 742
sto| B = W< AT E A HE A|lxstar, AlZE Al
HES BN E S Fato] 71 SAA mE sfolH = W
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& NAolmgEe] 71AH 5L EAee AAe) F4A)
T A 2Av)e) solue= FHA 23S wEadr
EF w2E A2l A4 wE sojue=

TG ol = P AfholBE Aol the £
ol me AhAEEe s

4

AlSf A MYE. AT E(AP-3)Z SKoUA| oA FFk
3, g2 A 714A (P-31, S-0il, 0.8666 g/mL, 101 viscosity
index(ASTM D 2270)), A3 SBS(LG 501, LG Chemical,
0.94 g/mL, 13.4cP(5% toluene, ASTM D445), 31% styrene
content), C57] 234-=A](HIKOREZ® A-1100, Kolon industries
Inc)E FYste] slo|Hel= W= JfEo AT ES] 7|4
QA2 ARSI, B (Sigma Aldrich, <30 um particle
size, 98%), ©F4&4d-f(CABEN Composites(HK) Co. Ltd.,
7 um(®) x 74 um(L), 10 aspect ratio, 200 mesh, 1.76 g/cm®)
9 2ol 4k d ©4H44(Hezhou City Yaolong Trade
Co., Ltd., 1250 mesh, 98%)& TH3led A= ARSI

S} AILE slo|=2|E g JHEOIARE M= ¥
HEZY TE. 150 °ColM =9 o2 E, vy 7haA] 9
MAIEAZA A3 SBSE atolH|= W /HotaTE
o] AP AR sk, 7|6t /WA RA CHAl AF7AE
TVt sto]He| = Wk J O ABES] VR LR
SISATE 2 AellA slolHe|= W T ot AT ES] 7|
TG ofAE, vEhy 7hAl], AE SBS 2 C5A| A
FrA e 2L 247 750, 6.8, 13.6 2 4.6% FHE(F
100%)= SISt o9} & 712322 (basic composition)®] &
(100%)°l thated 0, 2.5, 5.0, 7.5 2 10% 352 A4S
Table 13} o] ST Hgt T4Al] THE FHRE
(mode)=, Table 13+ 7o] F3-7(control, Test 1), Bz
(Test 2), BHAAd-f-(Test 3), ZHIoFHALTE A (Test 4)
Te T gaidfrel ZeloleihaE] ek E3tE
¢] slo| = Z=HAY(EMCS-HF)(Test 5)2 EH3t). ©]
A3 2 ES 180 °CollA 2A17F FRF 1200 rpm &2 wHa}

Table 1. Filler Materials and Their Used Mass Ratio in Accordance with Test Numbers

Total filler mass ratio (%)

Filler 0 2.5 5 7.5 10
CaCO; Test 2
Cabon fiber Test 3
Stearic acid-coated CaCO; Test 1 Test 4
Equi-mass mixtqre-hybrid filler of carbon fiber and Test 5
stearic acid-coated CaCO; (EMCS-HF)

Test 1 denotes a control without any filler, the composition of which i

s 75.0, 6.8, 13.6 and 4.6% of asphalt (AP-3, SK Energy), paraffin plasticizer

(P-31, S-Oil), asphalt-modifying polymer (SBS, LG Chemical) and other modifier (C5 petroleum resin (A-1100), Kolon Industries Inc.),

respectively.
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AAZ FAF 5 AholiBES] ABAZ D FEAGY
% AFS KS F 49359 weby $3stgith £ 54A 3%
2L 95le] BN B REEES sl B
=gtz gFE] He dgEor A Jo slo]Ham

W Aol HE AR P, Y REBEE 2o
3 AR R BB ADsth 24417 o4 4R
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(phase) 7+2] 7 (compatibility 2 7ASIHATE gkA, gkat
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Figure 1. Tensile strength of water-proofing modified asphalt with-
out any filler (Test 1) and ones filled with fillers of a specified mass
ratio according to legends (i.e., Test 2(CaCOs), Test 3 (carbon
fiber), Test 4 (stearic acid-coated CaCO;) and Test 5 (equi-mass
mixture-hybrid filler of carbon fiber and stearic acid-coated CaCOs
(EMCS-HF)). *Each mechanical property of water-proofing mod-
ified asphalt was determined to be an averaged value of the results
of experiments performed according to KS F 3211, in quintuplicate.
*Each symbol in bar graphs of Test 1 indicates the corresponding
control (i.e., basic composition without any filler) to each symbol

of legends.

oIk, olsh 7ol Ao W] FAA el
fle] 790l e DA FAA B A

SAA
B4 A

ZAA YAl THZH o] AR wWE FHA e} EAA
) Aol FHANURZS A3 3RAZAA] B o] H

ZRFo] Zyigel e 2RA Aksel $7ge) A E
L 2R /ABAAESA ARdA e o gsst ~2EH A A
Gell™ 712lske wel, 2 Agsl A TR 20
EQo] A wE 3 EA-=AA B3A|o] 71A1d EA 7
2 A SHT FAAARADEY ALole] Fokad A
Rl 71180k Wb 2 Age) Fa) TYolA
ol 2 2EAL ARz FH o] HulR AldEria 7
FHEOP HH A4 *Eﬂo}"/‘“-:’% R (Test 4) 73
SR}, B (Test 3) 73971 =7} 2F 10% A= o

713, EMCS-HF(Test 5) 45-2] ¢ WJEE oF 20% o] A
328 0.61(£0.04) N/mm*]|$1t}. A EMCS-HF(Test 5) 74
oA stolBe|= FAol o7k AR &7t AR T
olg]3l stolHe|= AR g, 22 ZH|opkAY
Abzbgpo] = whAie] Z7|THA|IQl wlo] A8 H ¥ (crack) THAI
oA slo|H = HoAE BHAtshs Wi, & ©adf=
g 2 A e] AgGANN AR FFEAE Est] AAH
(bearing capacity)S A7 7]¢l&kATh

A, AdE(Figure 2)°] -9+, TAA7F F7H Test 2,
3,4 8 559 tjiite] 77} Test 134 & ztol7} glojA] &
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Figure 2. Elongation of water-proofing modified asphalt without
any filler (Test 1) and ones filled with fillers of a specified mass
ratio according to legends (i.e., Test 2 (CaCOs;), Test 3 (carbon
fiber), Test 4 (stearic acid-coated CaCOs) and Test 5 (equi-mass
mixture-hybrid filler of carbon fiber and stearic acid-coated CaCO;
(EMCS-HF)). *Each mechanical property of water-proofing mod-
ified asphalt was determined to be an averaged value of the results
of experiments performed according to KS F 3211, in quintuplicate.

AR g 245 AxEIHA A ek 2 ek
F(Test 2)2F B (Test 3)°] 212t 10% 51¢] 73-5-oll=
AgEC] 717} oF 20% B AlALEo}A 2} 2934(+37.16)%
9 2851(=42.34)%C 1tk B8t Q1945 (Figure 3y 1747
9} vV 2 BB (Test 2) 745145 557 (control,
Test 1) 73-5-2F 8 Zpo]7} glor] FxAlel ogh :1894d59]
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HF(Test 5)> Z~H| o}l 2k b4 (Test 4) > T4
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o] T AT} 2 o] fFEA 7}z THA 24 5.0%
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glo}e] 2T ebrbzhr(Test 4) 73-9-7F BFAAd-(Test 3) 73
SRk Ag9A%5o] 9F 10% A% o 3L, EMCS-HF(Test 5)
Aol A8450] B (Test 3) A-4-Hh F 33% A
¥ 3.87(x0.11) N/mme| e}, wbA 91894 ol = <13
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Figure 3. Internal tearing strength of water-proofing modified
asphalt without any filler (Test 1) and ones filled with fillers of a
specified mass ratio according to legends (i.e., Test 2 (CaCOs;), Test
3 (carbon fiber), Test 4 (stearic acid-coated CaCQO;) and Test 5
(equi-mass mixture-hybrid filler of carbon fiber and stearic acid-
coated CaCO; (EMCS-HF)). *Each mechanical property of water-
proofing modified asphalt was determined to be an averaged value
of the results of experiments performed according to KS F 3211, in
quintuplicate.

G452 Ao, B (Test 3), ZElol2Ah-T8 gkt
Zr47(Test 4) 2 EMCS-HF(Test 5) 2H2+e] ZA$-olA 5% =
AA el 71 =& BAAE B 2 FolA = EMCS-
HF(Test 514 7HE =& E4XE HoiA] sto|B= 54
Aol AR gAE BT}, ey AFES] Aeols &
AR T/ R 28T A TSl webs ehAaE(2.5%)
9} ZHolAk-TE B (2.5%)2] AAZANE 71K 8t
olHE|= FHANZE H7HE sto| B = W WA TET}
=EH0T 2EE slo|B|= W NHOFATE 99,
71BZRA B 7|82 71 A ] 5% =
AR 7R WS Aok~ ES) ThEA, KS F 32119 &
TEARIAE, 0.3 N/mm?® 0]/ A4lE, 600% ©7d; 1E
A%, 2.9 N/mm ©]74)E Table 29} 7o] THEE35ISITh,
HExMH[o| slo|EE2|E SHME &UIsH slo|e22|= &
T INEOIAEES| SFXNEME. 7|24 718 FHAIU
ko] 5% ZAHE TRE W s FolaTES] S

Table 2. Characterization of Modified Water-proof Asphalt Property

Modified water-proof Tensile strength

Elongation

Tearing strength

asphalt (N/mm?) (%) (N/mm) Remarks
Basic composition 0.46(+0.027) 2642(+15.81) 1.88(+0.03) learing Str:;it?y e g"’ﬁ‘ﬁ“ﬁﬁmem to
Hybrid filler-modified 0.61(:0.04) 2594(+19.07) 3.87(£0.11) Requirements of KS F 3211

water-proof asphalt

were satisfactorily met.

- Hybrid filler-modified water-proof asphalt contains hybrid fillers of 2.5% carbon fiber and 2.5% stearic acid-coated CaCOs;.
- KS F 3211 requires that tensile strength, elongation and tearing strength exceed 0.3 N/mm?, 600% and 2.9 N/mm, respectively.
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