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ABSTRACT

In general, it is well known fact that the stone mastic asphalt (SMA) pavement has a high resistance against rutting. However, performance of
SMA is not well measured by general method used in the laboratory. The objective of this study is to investigate an applicability of deformation
strength (S,,) for performance estimation of SMA, and to find out the correlation between rut depth and dynamic stability, and §,, of SMA. This
study carried out wheel tracking test and Kim-test with optimum asphalt content (OAC) determined by mix design. The results indicated that the §,,
of SMA was very poorer than those of dense-graded asphalt mixtures. Sp showed similar WT dynamic stability and rut-depth level. It was found
that Kim-test was not reflected higher rutting resistance of SMA like as indirect tensile strength (ITS) test and Marshall stability test. Also, it was
revealed that dynamic stability and rut-depth of WT had some problems to estimate rutting resistance of SMA mixtures.
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strengthi Sp)E N
2o QJeH (B 2005). Sp= Kim Test@rv* ]‘ﬁ‘ﬁg 5
st} oA = OV\”J”E EZ‘LD«] 1 HPAFAL JERY
= Alstste] FAIAZE 2)E w7t
1 %oi 2& 35 soll A W] A
] A=E dE Aolth(Doh et
17]_9] Oﬂ?‘oﬂlﬂ o] 011: 3?:6‘1—
HHE. =3 (Wheel tracking : WT) Al&<]
of AWM RSzt 9SS Ho F

R2>0.90% B
AR 5, 2007)

meb & Aol HAL AN w2 29N AP
& Hol& SMA &3HEdl tig MPgresl A st
o F#A A4S Bt SMA EFE] tid W= A

2. = U
2.1. XM=

E LA o} AT E viRIG & 7|Eo g AT =F pen.
60~80(AP-5)S A3t} /A ATE HICIHE 9)5}o]
NAAEE #30 A& SHg HEtolo] L2 (Crumb rubber

modified: CRM)¥} A4 A= Z2]o|e @l (Recycled low-
density polyethylene: RLDPE), AH = Zg]o|€ &l (Low-
density polyethylene: LDPE)Z} €2l Z2gdl vl B
# 2{¥ (Ethylene propylene diene monomer rubber:
EPDM)& g3t AREalith. 3 18 2 7ol AR of
22 E vRjIT] o] WA 7L w2 Uit

E 1. Designation of binder and description

Designation Description Method
AP5 Base Pen. 60-80 binder without any ~
modifier (Control)
i i | 0,
R10 Mod|f\¢d binder with 10% CRM by wt. of Dry
total binder
RL5 Mod|f\§d binder with 5% RLDPE by wt. of Dry
total binder
Modified binder with 4% LDPE and 5%
LAETO EPDM by wt. of total  binder wet

Agoa ik, £ 27 154 FE B
Eih =1 H«] HA = 13mmet
<A g woll TRy
Screemngs;: /\} 3o, H—,% H 2= MBS A} L5
At & 29 2 1L 7 7 B Ao AlSE ZAje] EA
o Q=g ekt

I 2. Property of aggregates

Classification Apparent ‘ Absorption Abrasion
specific gravity
Specification limit >25 < 2.0% < 30%
13mm 2.74 0.69 15.28
Granite 10mm 2.74 0.96 21.56
screenings 2.78 1.94 -
Filler 2.75 - -
100 —&— 13mm /“‘_ ; 1
90 —&—10mm|
80
70
£ @ /
g =m0 1
/
0 // y
20 M,,r_f—r:_’:. T
10 ==t 1 [
0
#200 #1100  #50  #30 #8 #4 10mm  13mm 19mm
Seive size

1%l 1. Gradation curves of granite for SMA mixture
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SMA &3t29] wighdA ZAIA Alxe 2= 35 v T2 9

A eF v 2 e T 7] (Marshall compactor) & o= st 14, steAl 4= (30mm/min)
o] g AT nlF YL} EEXE AL E ettt £ 23 FAA A (FVE) S FHHA HesE
3& SMA E3=9] uigadA 71+ vepdt o Fa slvk 2 25 H2o] AHE skl A=
~ - o Uehie 42 ARE Bat] de HuelE(P)3 WY
3 3. Standard specification of SMA mix-design H(9)S teleto] MEAEE A&l Aol
Specification
ltem

19mm [ 13mm|10mm| 8mm | 5mm

Minimum asphalt content(%) | 5.8 | 6.2 | 6.6 | 7.0 | 7.6

Air void(%) 2.0~4.0 D=40mm

Minimum | Airvoid 2~3(%) | 16 | 17 | 18 | 19 | 20
VMA Airvoid 3~4(%) | 17 | 18 | 19 | 20 | 21 /‘\

Minimum VFA(%) 75 H=20nmm {r=10mm
Maxi drain down loss (% 0.3 H+2x
a><|T“n‘um rain aown OSS( > \ Iy
Minimum DS(cycle/mm) 2000 P
SMA £3E9) WFAAE 99 TAAE 175C 2w Specimen
A 5.5%~T7.5%2] 5714 o}A~ZE shapd g o 7539

vHE S felel Azstdnh e BAAE BAS
Asla o} ARE Fake] 2yl wlel ¥ 39 7]RSo] W3l a8 2. lgcabg;‘ri]ggulzzt;%nvaihrcg;ggi—;t:ndetaiIs at the bottom of
she S aelste] HAHol~FE FEF(Optimum asphalt

content: OAC)= 28It} & 3014 VMAS] 4% &%
o weh 2 VMAZF thedl vt ek B Aol

Kl
.y
i

O

T FTES 2~3%% 51= 319 13mme 10mme] VMA Sp= (104_% (2)
£ 7 177 18 ooz Hata wddAE 3Tt 1

2l =9l thE AP 1kgdl EF}ES TVt 29 e

ol 24 B 170+2T LENA 1A1ZF Bt} ol & A7|1M 5, = HEA=(MPa)
ole] FAl= Akl SH ] lojof at BE &l o P = A5t (N)
slo] FUg A7]9] Folot M ARE-stolof gt} Egk Fol y = ¥% g(mm)
o] FAE 1AIZE B9 170C QEoA B3t o A7

o] EFES A Folnks QB4 Hasta Folo

A A% 330 1A § B4 EFES AU

WA EFES v Fol9 FAE St} =l o

+ AR S Foldl Fe £FEY &4 TAE EFE

gk vl &2 AP e gholth. 4 (1)& =89l oh Al el

Axr ot

Loss weight of mixture

Drain d %) = x 100
rain down(%) Weight for iginal mixture 1)
222. 1°J’J_._(SD) Al
37 F olx] ]
MR MY i 12 vhd R AN o}—g Agheel 12! 3. A slab specimens cut into one pieces for wheel
U}’Q‘?ic’] obd =Wl A ] g 35S 718 A& tracking test and three core for Kim-test
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YA H-E A7 200mm, 3 50mme] A E Al
TlA 6AI1ZE )% ?Péi}% FAIA flel A
100psi(700kPa) & oF713l= Fots= 78t =3
AAEAT(2005) 1’\1 NE < 40cycle/ming] 4
90%31(5.400sec) F 3.600cycles F33Ict. wHa-
= As¥ =3 LVDT (Linear variable differential
ato] FRNE 3HzO 2 3to] 7FFE e

HHE A H o] Al EAYEE

i)
;

transformer) & ©|-&

5ol BH °

A AR E BEUE A S ARt kst 4] (3)
< KS9| Ata oz B 21cycle(42pass)e S22 605

7} Aég*&‘]—.‘: /\]fﬂoﬂ/\ig] 7537/}51 01-5—]_04 ?_-5]__1:_ NO]E]— ,3]_
I

qd& —?63 OPM#EE *—1 (3)& st

=3 DS—80><
22-5/(d36007d2700 % /\}%5‘}93"/}.
DS(pass ! mm) = 42—
P =X 60— d4s @)

714 DS : F4<MHE =(pass/mm)

d60 : 60%clA 2] M3 F(mm)
d45 : 45l A9 ¥ & (mm)

KSS| BAMHE WY& oksBE ERBY At B
o WA Z10e BAZ A B9 He
ol xlth= A o] Qlt}. o]df & Aol = 2] (4)¢F o]
z7], 371, @719 Fat 1Y =9 7]1E7]9 dFE T4 5t
AHEShE F 2o A W (13 5, 2006)= Wask
Q78 Y

DS,..(pass !/ mm) = 2(m+ my+ ms)

500 1,800 3,600 ()
=2 +

DSOO DI,SOO D3,60()

047]A1! DS”(’"V : %Zi ?—}-%]E

Dso - 500cyclec|A2] Hs}z o] (mm)

Disoo - 1,800cyclec A1 9] 31z o] (mm)

Ds g0 © FZF cyclecl ~1€] A3l o] (mm) o]t}
a9 4% KS9F Aj2e] /dE A =] 2S¢

3 =Aglet ade HojEr

4.0 +

my
DS, =2(m, +m,+ms) /

m _—14D(Digag=Darco)

20 s

m AHQ0-67.5)
10k 0S.5=80 (at/4D)

Rut Depth (mm)

Bieoo 2700 D00
0.0 . . . .

0 500 1000 1500 2000 2500 3000 3500 4000
cycle

1%l 4. Dynamic stability of wheel tracking test

3. &9l nE
3.1. HHEHAA

WA & 7 A (S 9 259 Fe=A A
214=(13mm, 10mm) 83l 4714 BFIE (Control, R10,
RL5, LAE10) & F 87k &3&ol st sasi3itt. &
4ollM & 5 9ol SMA Edt=2] WjgAEA 71ES WSt
© TRIIA HA o} ~BE S A

& 4. Optimum asphalt content(OAC)

Jesgaian OAC | AirVoid | VMA VFA | Drain down
(%) (%) (%) (%) Loss(%)
10AP 6.7 2.42 18.00 86.54 0.12
10R10 6.4 2.93 17.92 83.67 0.10
10RL5 6.7 2.72 18.38 85.22 0.13
10L4E10 6.5 2.90 17.74 84.31 0.13
13AP 6.3 2.64 17.28 84.72 0.17
13R10 6.4 2.39 17.33 86.23 0.08
13RL5 6.6 2.46 17.91 86.25 0.12
13L4E10 6.4 2.66 17.57 84.85 0.11
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E 5. Result of wheel tracking test

Mixture Air Void | Dynamic stability(pass/mm) | Rut depth

Agg | Binder (%) KS New (mm)
AP5 3.05 3500 2572 5.08
R10 2.71 3818 2633 4.91

10mm
RLS 2.19 5478 4012 3.20
L4E10 | 2.20 2520 3499 4.02
AP5 2.90 3600 2956 4.53
R10 2.79 3213 3519 3.81

13mm
RL5 2.49 7875 5590 2.26
L4E10 | 2.60 2571 3529 3.97

9000
mKS
8000 HmNew

7000 T

6000

7S vl aszeln

I 6. Sp of 10cm core specimens

Mixture ir \Voi
©  [Arvoid)| ) ymm) | Sp(MPa)
Agg. | Binder (%)
AP5 2.68 1872 5.39 1.684
R10 2.71 2252 5.70 2.004
10mm
RL5 2.19 2479 481 2.316
L4E10 | 2.20 2290 5.00 2.105
APS 2.90 930 5.85 0.815
R10 2.79 1829 525 1.654
13mm
RL5 2.22 2164 4.50 2.061
L4E10 | 2.60 2562 6.35 2.225
25
2 7i ) -
s 1 ..
z
3
1
0.5
5 : 3 ‘ |
10AP  10R10  10RLS 10L4E10  13AP  13R10  13RLS  13L4E10

Mixture

T2l 6. Sp comparison of 10cm core specimens

ol FH

B

67 1% 6olA & 5 =0l
AP DTS Hole ZoR Yt o] Az
ANF A FAA &3 3 2] 558 14
o wlate] gAAe] 277} Ao SW Felo] Hrjdon

JJr‘— =] xﬂ?G o7

gee =

13O0
=

= —J—-O:|

T Az werelel, A 8ol 15eme) AT FAAE A2}
§ 4000 04 %%%’EA]%% -?53'3}9114. it “/}‘ Fﬂ\j % 7"11'7"]( 15cm
" a0 A3t FAAS] HEAES o] & S35 HE Hwd 3l
2000 O]ﬁl—
1000
0 I 7. Sp of 16ecm gyratory compactor specimens
AP-5 R10 RLS L4E10 AP-5 RLS L4E10
10mm 13mm Mixture : H
Mitife A\r;/owd P(N) y(mm) Sp (MPa)
Agg. | Binder (%)
T2l 5. Dynamic stability comparison of SMA mixture APS 3.95 1273 4.5 1.816
R10 2.96 2461 5.0 2.263
10mm
HEITIE AlS] RL5 3.65 2683 4.7 2.518
3.3. HEZE Al2l(Kim test) L4ET0| 3.18 0941 49 0559
M= A= 918l 17em= AH 3 SefE FAA A APS | 2.6 2519 46 1.880
AE°] 10emSl 37H9] Fo & AF st WFAE Ald= R10 | 3.74 2469 3.9 2.308
) = — - - _ _ 13mm
Pt £ 62 AP SHE HAdjste Wy 3 Wy RL5 | 3.64 2705 45 2501
s Yehd Aol 0 62 £3E ¥E WIdgre] 2 L4E10| 4.05 2336 5.1 2.133
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So(Mpa)
e

10AP 10R10 10RLS  10L4E10 13AP 13R10 13RLS  13L4E10
Mixture

& 7. Sp comparison of 15ecm gyratory compactor specimens

A7 2 B E 15cm sA1A12] WE~
2AA ] WP aqiu}—t— =
7

3.4. AT BN

SMA E3E] digr W34 =e] 485 n33}7] 93]
WagEe] A9E 29uave] 4ol L WE T
7 H I H
® 5010
e s s S
5 | . 1684 gy
..._ e AUQUﬂrC
Tl M e ‘-_"."1'333-. X 3
2:} S OO SO NS S o W 2316
o :
i ® 2020
5 i
RZ = 0.1643]
1 H
0

05 08 1.1 14 17 20 23 26
Sp (MPa)

(a) core specimen, diameter 10cm

CENIE
6
1816
5 L W 2763
W T
" 255
24 ] o 2
£ 518
z3 ‘
W 2584
2
R? = 05773
1
0
15 17 19 21 23 25 21 29
So(MPa)

(b) gyratory specimen, diameter 15cm

112l 8. Correlation between WT rut depth and Sp

st T Aol W2 AYAF(R)E B Bl
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it
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M
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0

30
SD15 vs SD10 i

g 25 55055"
= _‘Bﬂ&‘! 7263
- r-’__,..- O 2133
o
a Qb Q1816
E
E 15
2
T 10
& ;
» R? = 04378

05

05 10 15 20 25 a0

Sp of 100mm specimen (MPa)

1%l 9. Correlation between Sp of gyration specimens and
Sp of core specimens

7000 7
i[DS vs Sp10 O
6000 + B L E—
0DSks | R =00311 o
L] 2z
000 | mDSnew| RZ =018z e BT
E
£ 4000
b Q
] —
23000 . e
a
2000 [ B R
1000 | B e
0
05 09 13 " 21 25

Sp(MPa)

(a) core specimen, diameter 10cm

DS vs Sﬂ O

0 DSks 2= 0‘191‘8
IDSnE£E = 05649 O.
Emoﬂ /
E <
3 o ,/';
g 14 Q

(]
23000 :
a © om e}

10 14 18 22 26 30
Sp(MPa)

(b) gyratory specimen, diameter 15cm

T2 10. Correlation between DS and Sp

30 Journal of the Korean Society of Road Engineers / gt=E 2

55| =27

M1 M4z &3 422 2009.12



%7} ufe

WA _
o ,ﬂ ﬂnx FOI ;&HLE
EMﬂ_ﬂ__H‘ we o N _ipwu #
Jﬁmom.wcvﬂ MW.WuL‘uNOﬁO A7 _%Aw
o o TR =l : ; 5
4 R Ly B% 2 ELET o X g
W o< o 3 oo o & = B o =2 b i Bs 5 £%
B o= ol o REEES ol F1 1D 3l ™ o = byl g 3 -
K o A He LN o N N o Kr 0 : o = 0 g g s £
v P au%@arm«% o XL F 54 e =Y E: N8
o Nro_zbdr@%mwﬂ N o EhuN % dEmony B 33 Y- << o
N < ﬂo%}? FJ wogumx z W0 mef %o z 3 4 3 3 = o
Vo@% QMﬂuzﬁ%.{ of ol ﬁoaomoﬂ = m W W s 2o SRl SR=g=
mLA_a T n iﬂﬂ_dﬁ MMA %Mﬂzgo ;APD,_O_E@ 3 o 2y RS SR
B RrENAlE 23 S T AR O
—_ —_ = . :r,o4 g S
N R .Eq@@ﬁw@q o TR R By £8 B3z T
%%ﬂdr%;. mo%ﬂo_a% z ° o/;ﬂﬁ_iAﬁWM_% o Yo g3 S5 G = 3
ﬂﬂmom_oﬂmﬂanﬁ%@ag ) EEMOAFI_%NTOU ey g e - 2 -
o B m) E]qgﬂomﬂ o o EEEEM&%DI),M = ol qulf(.m X 5§ kI <0 <0
o (- nox o o o ﬂi,_gnsﬁéfroaoﬁ_ 30 ;ﬁ,_%me. c ~ =
udmn_iaaﬂnp»lm quZi OF < ﬂ_i___g).lo%ﬂWA/.Wmo ﬂoMS.en.mmm
— = fri%ygmﬂaog < o ol I SR g2 R
,mwo ﬂl N NO o] ~ H__v‘ O F: %_‘I mazw j.oEEr._ N o —r ‘mqo H.mom
urc_mxﬂ%m_mba;ﬁimm o 0 mM_MEmﬁi_waifm mfmmgsw
T Wwe o ® ao,,wcocox_,oL = or MO.WWQHJN_}&EEQ@H ,__ow.unm & 5
ﬂjﬂowﬂﬂo_a%ﬁﬂiﬁ Uy IWTﬁ)@W&%%EmD %m mmﬂMmU
E.Urmoﬂ%wxrmﬂma _Jimw mwwﬂmmwﬁw%ﬂm@wz* m}@m,mﬂ,n,,mm
13 S m D @mmmm@moxtf%%% M%_SMWHmm
© g &3 %l ETET%AMMT&§§Oﬁ|ﬁD .aﬂoy.mnaH.mw
< < W %%pgloo|7w§§u 29 Gz 3
. = e = OOEEEQIuO/mrAﬂ) £ 2 § E © S
d|E1rL I T = B EH B U i ,:._Oﬂéﬁ_m%muchwWMnh
-5 = \mq \U| N | MIE 0 TR H o Ko - Mo ol oF &) <X . S N .m g
&N WS = ) iﬁ}.%:ﬁmo oF W0 W of %@#Wlmua W.hA
LR o Eoap s ISR +TQEW479 - 2 & 55
Ur%_/o& B BT - NN & wofo,mmnwm
! 7 L0 A ~ <v g -
:,L ‘Mﬂ ,wu Lf m ,,.Wm.o — O# wi S \..,mﬂ HT_ ol dl _ = m km o)
g%abm &u%uMm:__ M@iﬁd s m W oo A
o BB & 8 o XWX M o< W R T w
.A.ﬂ oK ~ o E._@IU] o —_—
W R TN L A o T o = o B o
e Nr = aﬂﬂm Wlmﬂ < zﬁMnSga mﬂmﬁ%aumli ﬂwmmow o g
— g i h X —_ =t .
;OU VI EE _OL vAI Ju..ﬂ ‘.#O 6y EO ﬂl \Nﬂ o EC 2[ 1:A_l.._ m rvf E._ XU ‘U| ‘_._mo HL m _ ,_IIH ol ‘,w
o zoqwf ™ B o N o o /oﬁe_,of,mu ok
w2 %%ﬁi@% 2B 2 oy HT43AMn%ﬂA o= A T W8 o B F
= g ) ﬂﬂﬁmo#ﬂ% RMNML uoﬂﬂs%é =T OMmaHMIAMnm@ -
Teom Gk SEE Y FELD ﬂﬂ%ﬂﬂﬁ WL TERET v g X
MoK g A mﬂrlﬂm@ _o%_zmm N B SRR HmA%i R
K - E.Eﬂ S N ,Ul.ﬂm_ o o W.m m-ﬂMMmmo Jo g WH%LI Jp RO 7B ol Wo = W e ol Ic 3
oo — B — < XU o Nr =2 o} ™ dl_om.,_A B ol
= T TR oy o 2 o < oﬁennél S M M- zT_JIOf]_L 7o
E].?fguo L_Lq,._,/xﬂ%mu:i. N .Iﬂ.lm,u.‘_r:] E,WN_MOM FL],ML ,Aﬂ.l,.vmo.
Jrd X = =0 iy %0 o z N B 5 ~ = R _ S
N oy < L BT o e Egeo]:: %a«i ol 3 ~ 5 oAr B T
o < ®° 2 F K = K n Jo dly 7o rd o i~ L ok X° N o <0
oE 5 S EIETE 2ET S SEwz i Ehw VeriifEas
<° = & o j : o Mo ~ = T w X
8o < ﬁi —_ _O#LQ.*O — il A..:l _~ — IFLH J|1A)A
" E.ﬂ# G TS H O~ ~ CARE e < < oL]7 .ﬁ.dﬂu o (3 —_
ﬂaﬂgw]ﬂﬂlﬂ%ﬂ%ﬂﬁ o X B R ﬂ%%o.wz M@M%M@Eeﬂoo__%;i@
@ﬁmﬂﬁmmwoﬂwﬂﬂﬂﬁ Z3 N EE %mamurﬂ% s%_ﬂ/uuﬁmmour%mmo@w_g
NO O oR I Mo ”T = 1 s} prd M,_ﬁM]JI o Hoo#nﬂo_,ooizA
W T U T = ®E X oo O S
ﬂ%ﬁm%@uﬁ%%%%?% E%ﬂm@%% _1L%%nmﬁ% moﬂwgwmrgmramwmwmmwﬂmflﬂid%mz
o ~ —~ B 'O o KO = < BK @ 4 BT o B o o X M° o
oo < B o 5 o g y el ol < i
KR ol o) \I_ﬁl B.f ﬂ:._ B EO Erl 0 M ;I._W = = O:c . < ;Of % «Of o :&H T \%_um mmo M_W ) MM B Of
ol Uy = 4 ~ o) B o = JR 1]
olp By R e o ow I 4 )RR S o TR D
< ol =T o7 ol . @ to Tk Gl T I T < X ol e
) — ™ on = E o1 T < X mo O Y -
R S M 5 ¥
i LA ) ™
) = ]
™ T o = 5
Aga%MsM
[ap) n v m
<t

31

2009.12

=3

S S 42

=3

H11H X4

X
=

o=
[

ournal of the clety Road E eers OPEE 25t
orean Sox oI RO: =
K S ngin I‘S/




