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Performance Evaluation on SMA-13 Mixture by Different Molding Methods
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Xi’ an Shaanxi 710064, China)

Abstract: In order to compare the influence of molding method on the performance of SMA-13 mixture, the
pavement performance of SMA-13 mixture prepared by vertical vibrocompression testing method (VVTM) ,
Marshall method and superpave gyratory compactor ( SGC) method are studied, then the performance of
SMA-13 mixture is evaluated. The result shows that (1) VVTM exerts vibration action on the mixture, the
aggregate is in the state of vibration, the static friction force is gradually changed into the dynamic friction
force, the internal friction force is reduced, the aggregate moves more fully, and the compaciness is easy to
be achieved, and the skeleton structure is complete, thus improves the road surface performance; (2)
compared with Marshall method and SGC method, the SMA-13 mixture prepared by VVTM has higher
density, lower optimum ratio of asphalt-ageregate, and lower porosity and aggregate porosity; (3) the
compactness and crushing rate of coarse aggregate of SMA-13 mixture samples prepared by 3 molding methods
effectively increase; (4) compared with the samples made by Marshall method and SGC method, the samples
designed by VVTM show a significant improvement in Marshall stability, dynamic stability, shear strength
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and splitting strength under the same gradation of mineral materials and each optimal asphalt-aggregate ratio,

the mechanical properties are improved by at least 30% and 5%, and the high temperature stability is greatly

improved; (5) the fatigue equation of VVTM has larger intercept value and smaller slope value, and the

mixture designed by VVTM has better fatigue resistance under different stress levels, and the fatigue life of

the mixture designed by VVTM is increased by at least 31% compared with Marshall method, at least 10%

higher than SGC method; (6) the short-term and long-term aging process of SMA-13 mixture is simulated by

laboratory test. After long-term aging, the performance of SMA-13 designed by VVTM has better ageing

resistance, and the change range of performance is small. Therefore, SMA-13 mixture molded by VVTM has

better road performance than Marshall method and SGC method.

Key words: road engineering; performance evaluation; molding method; SMA-13 mixture; mechanical

property ; fatigue resistance; ageing resistance
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Tab.1 Technical properties of SBS modified asphalt

i MiRME B
25 CE-AEE/(0.1 mm) 72 60~ 80
5 CHEHE/em 43 =30
AR (FRskik) /< 83 =55
135 CIBNHiEE/ (Pa - 5) 2.0 <3.0
15 CHE/(g - em™) .04 SEiesR
B/ % -0.29 +1.0
RTFOT %% 88 ¥ AR/ % 70 =60
5 CHEFE/em 27 =20
(2) 4ifert

AL F B PE 5 i 10 A KA ML D, 454
PRI 2,

(3) HHAH

FHADEHME R A B PU R 0 X ROA A, febn
W3,

(4) W L4

A R BV S 05 365 P S AT R m) AR e A
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Tab.2 Technical properties of fine aggregate

Ei MR PR(ENI=E
FMHEE/ (g - em™) 2.78 =2.5
% [/ % 4.7 <12
45/ % 90 =60
W/ s 32.8 =30

x3 HEERERMER

Tab.3 Technical properties of coarse aggregate

AR SRR TR

. B
£ 9.5~ 4.75~ 2.36~ i
16mm  9.5mm 4.75 mm

FMAAR B/ (g« em ™) 2.98 2.98 2.76  =2.6
B RIR SR B 5/ % 7.5 6.2 <12
JE#-AE/ % 14 14 14 <26
JEFE(E/ % 15 15 15 <28
JEOLE 43 43 43 =40
XWH R (20 5.0 5.0 5.0 =5

MKy, SFHERAIN R R A4, 484 0.5%,
TR
(5) i
LA SMA-13 TR AR TN R, SlE 4
Far,
R4 SMA-13 HFERERE R
Tab. 4 Mineral grading of SMA-13 asphalt mixture

LR /mm 16.0 13.2 9.5 4.752.36 1.18 0.6 0.3 0.150.075

100.091.2 63.5 28.8 24.5 20.4 15.2 13.3 11.6 9.5
HH/ %

1.2 REAHR

(1) Jiteng

SMA-13 tEfig i SRR e (MS) | Bt
BRI (7,) . BIREERE (DS) . BFRIRE (R) .
RIRZ AN A (e,) ., FRERRERE (MS,) . 5%
JEEL (TSR) “RE 34 it (A TRWIH M iH
IRARHRIGHARY Y (JTG E20—2011) R AYIREG )7
kAT

(2) &fkiknag

FHEA . F/NSPERIHLLE AR HE 2500 T $E AR
Ak, PERIAIG DL 21 kg/m? B RERERI7E AL, L
AMEFRTE (135+3) °C 7B 5 il 3 KA T 4 h,
IRA BN BPE—R, e it

Kb, 7650 a2 i S5 mh b, HIAE 3
P IT R, ABLAETE (85+3) C IR iR
ARG LM S d, HRBRHALT 16 h 2F

i, ZEmRIELL,

Was e HEARZ AR , A O il B A 4
AR, BREVERYE L, RREEOE TR
R OIEBR ROk, B0 IR T 770g, B HFIE]
KT 30 min, K5 R I B A B 75 A h 42 W e D
o, AR iR 2 DS R 2 BRI RN T 8 h

(3) BIitERE

K MTS810 T3 RETEGHLIEA T [H] 47 i 55 1,
R SZ P AN RN RN, AR e
MM T SEPRIIE, IMESA 10 Hz, M)
AKFESHIHN 0.3, 0.4, 0.5, 0.6, 0.7, IREIREH 15 C,
1.3 AEEITFEEITSH

3BTRS AR S

&5 SMA-13BERNZITSHE

Tab.5 Design parameters of SMA-13 mixture

TEJ ik SMA-13 Bt

WIS
VVTM Marshall 3 SGC ¥
RS /mm @100xk63. 5 ®101xh63. 5 ®101xh63. 5
JEST) Wahdist 65 s WUET P 75 K BERETE 55 100 I
VV/% 2.5~4.0 3.0~4.0 3.5~5.0
VFA/ % 74~83 75~85 70~80
VMA/ % =14.5 =17 =13.5

VVTM R FH AR B4R 30 Se O a WL 1, T4E
A A T L 1) 7 AR DR SR AR T, TGRS R
T, XS H., THEEZN3.0kN (LERSE
1.2 kN, FZEZ% 1.8 kN), TAEWi% K 37 Hz, %
SCHRWE 1.2 mm,

W —H FHI% &2 40
— R4
TRt b e AL
FRE
N7 2% — §
REE —
i 000 oy z s

B 1 fRehid Lk aiE

Fig.1 Equipment structure of vibration compaction tester
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gER LK 6, Marshall ¥ SMA-13 f LA LD T 0.3%, %5
%6 =K SMA-13 EARBERALR BRRE T 2%, 1%, VWABIE/NT 1.2%, 0.2%, VMA
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Tab. 6 Best asphalt-aggregate ratios and volumetric

parameters of SMA-13 mixture designed by 3 methods

ANEJ7 251 SMA-13 1K TS5

Bk -

FAEMA Lt/ % %A/ (g - em™) VVW/% VMA/% VFA/%
Marshall % 5.7 2.52 4.2 17.0  76.1
SGC #% 5.4 2.55 4.0 16.5 76.0
VVTM 5.4 2.58 3.0 150 81.0

w6 o, 3 AR N IR A BHR AL A
FARFABEOIA FEARTE, VVTM F1 SGC #: SMA-13 It

BT 0.1%, 08 VVIM i PF 0 Se R i R, iX
AR VVTM AR, XHE ARG TRl
H, SERHETIRBIIRAS, 0B 45 0 32 W 72 Sy ) P 42
71, WEERH 14N, SRS sy, Sk
L, I HE ARG R, DT B s B e
2.1.2 4

SMA-13 IR A BHR AR A H TR RS2y SO
ST R R L 7, SR AR 4. 75 mm
DL A SRR R LI 2,

£7 FARAEZHRXFMEZINT SMA-13 X GFR BT EE

Tab.7 Gradation comparison of SMA-13 specimens by different compaction methods and compaction power

M FIALALE (mm) FRE 5 %/%

ey EN
g 16.0 13.2 9.5 4.75 2.36 1. 18 0.6 0.3 0.15 0. 075
JR 2R e 100. 0 95.1 62.6 27.0 20.5 19.0 16. 1 13.1 12. 1 10.2
Marshall50 100. 0 95.4 63.8 28.8 21.3 19.7 16.9 13.6 12.7 10.6
Marshall75 100. 0 95.9 64.6 30.0 22. 4 20.3 17.1 14. 1 13.2 10. 8
Marshall155 100. 0 96.9 66. 8 34.5 23.4 21.1 17.8 14.2 13.1 10.9
VVTM10 100. 0 95.6 64.0 29.2 22.0 20. 1 16.9 13.7 12.6 10.5
VVTM65 100. 0 96.3 65.7 31.1 22.6 205 17.3 14.2 13.2 11.1
SGC50 100. 0 95.4 63.5 28.1 21.3 19.6 16. 4 13.6 12.5 10.3
SGC65 100. 0 95.7 63.8 29.2 21.6 19.7 16. 8 13.6 12.6 10. 4
SGC130 100. 0 96.5 66.3 31.6 22.7 20.5 17.3 14.2 13.1 10.9

. Marshall75 #H A BHiBE % 22 53 51| B AR 0. 96%, 1.09%

ol 10.27 SGC130, VTM65 % Marshall155 HLEEFHE #2431 [

£3.97%, 4.65% ., WESZYEEK, SGC ¥, VVIM

8 S . N NS vy = >, P

§ 631 Marshall EEIR LA R B8 3 LG R b R, X & A

%6 a0 “h Marshall 32 F 52 2 5 o o 4 T 06 0 B B0kE % A B

st 221 258 201 SRR R SLROR, B W AR 2 B RR ; SGC

22 Lo ﬂ § BAEBUPE RS BT, SR BERE PR, 0% it
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M50 M75 M155 S50 S65 S130 V10 V65
BT
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Fig. 2 Fragmentation rates of coarse aggregate above

4.75 mm specimens by different molding methods
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Tab.8 Mechanical properties of mixture with optimal

asphalt-aggregate ratio by 3 methods

AFEJ5 5T SMA-13 J124 1k fE

M FE bR
Marshall 3% SGC ¥ VVTM
MS/kN 14.3 19.0 21.2
DS/(¥K - mm™") 5758 6914 7 450
7,/MPa 1.2 1.5 1.7
R./MPa 3.4 4.2 4.4
£,/ pE 3216 3287 3081
MSy/ % 90 91 94
TSR/ % 85 87 88
50 [ZZJRV/RM
15 F 1.44 [ ]RV/RS
1 o130 77 130
] L16[7]
L7 71.08 1.05096 1.041.031.041 o1
s 1.0 H J 70.94
5 / zul’ Bl7
1
oSt 7 % ’ /
/ o
0.0
MS DS w R & MS, TSR

Tyt
3 EREXTLE

Fig.3 Performance comparison
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5% ., [RIAS AT LS e i s R s A R R SR T AR
TR E WA PR AIG; KARE IR T 3%,
2.2.2 ImELIERE
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Tab.9 Influence of ageing process on asphalt performance

JERE  Marshall B SGC #: VVTM
W¥HF Ry R, Ry R, Ry R,
HAJE/(0.1 mm) 65.0 53.0 45.5 52.5 44.5 50.5 46.0

Wi khE

SR/ cm 41.4 32.6 23.8 30.8 23.5 31.2 24.7
Bk C 85.0 89.5 104.5 91.0 105.0 91.5 103.0
FhE/(Pa - s) 20 2.4 31 25 32 25 3.0

Xt 9 A [RITR AR B 0 IR R 2R AT
X, SR 4,

Lor S
K1y

08l 079 074 075
Ad
PR 0.6 -
<]
BE o, L
x 04

02+

0.0

Marshall SGC VVTM
R T
(b) TR EALEE

15
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E 09 -
N
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Fig. 4 Comparison of asphalt ageing performance
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Fig. 5 Splitting strength test result
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1
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I

=aln N - alnu, (1)

1 fE2p
Ly=hln—, x=InN, B=alnu, K (2);

y=ax - B, (2)
X, o HIBRSEG o WREZE, N W55
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Tab. 10 Fatigue test result

ANTFINE 3K S KT f4 95 57 B N

Bt Irik

0.3 0.4 0.5 0.6 0.7

17 130 4 694 2071 717 306

22 697 5764 2 345 889 415

Marshall 19 831 3577 1217 1135 460
23 135 4229 2 849 1216 675

17 119 4 700 2074 715 306

23 429 3745 1527 840 419

22 718 6 137 2413 1158 684

SGC ¥ 19 362 4 641 3412 1373 535
26 696 5823 3012 1528 482

23 048 5 089 2 590 1224 536

20 454 4 258 1715 1014 485

25 324 6111 2520 1 209 592

VVTM 26 462 6 658 3 475 1 475 743
28 292 7 190 3751 1 588 811

20 451 4259 1725 1 004 486

WRAEEC (1) 5 10 43 B[R R 1K FF f [l
HRE o, B HALERE R, 1EA RN K55 1F
T, LAEFIMSCHERE R ¥R T 0.9, Weibull 43
A b PG4 2R LA

H1E0 (2) REAFRGMART SMA-13 EE#
Weoiaean N, RIFRH (3) IS5 R A &
BOMMCR B (R, SR WE 1 PR,

InN=a -blgS, (3)
Kb, a, b AITRAFERIAREG S ALK N
NPT T
®11 EFAEOEARBREXRY
Tab. 11 Regression coefficients and correlation coefficients of
fatigue equation
it R ARRBHR (%) THIFITERREL
Tk B s 10 20 30 40 50

1.4197 1.5718 1.7278 1.8270 1.9023 1.966 0
5.0983 4.9078 4.7151 4.5906 4.4970 4.4182

Marshall “

i~ R* 0.9950 0.9965 0.9973 0.9973 0.997 0 0.996 5
a 1.7235 1.8342 1.9380 2.0026 2.0523 2.094 6
SGC¥: b 4.5635 4.4816 4.3988 4.3476 4.3080 4.274 1
R* 0.9824 0.9877 0.9912 0.9922 0.9923 0.991 8
a 1.7333 1.8404 1.9600 2.0343 2.0913 2.140 1
VVIM b 4.4737 4.4134 4.3383 4.2925 4.2572 4.2263

R?> 0.9654 0.9780 0.9879 0.9924 0.9947 0.9959

WEoERM, W STE S=0.45 255 Haw N K1k

KRR 43R5, SR S=0.45 #1798 55 F A
o, SRR 12,




2510 19

BERE, 4. ARRSATEE SMA-13 JR&RHEREEM 41

R12 0.45 fAKFTESF0H
Tab. 12 Fatigue life at stress level 0. 45

N ANV T3 F 9 57 F
PRI/ %
Marshall ¥ SGC ¥ VVTM
5 1 603 1941 2201
50 2 987 3 749 4159

2 12 A[ 1, VVTM B39 SMA-13 9% 57 75 fi
4% Marshall 5 /D8 T 31%, 38 SGC i /D # &
T 10%, BB VVTM ¥E3TH9 SMA-13 Y i iR & B E A
SR 97 T RE

SMA-13 R & RHE 97 7 28 (3) H g EIH R E
a K, FAENVEHT ORI S5 PER a5 [mlH
FE b BN, RALMORLXT N ) AR AR AN UR, AR
P 57 e REREAr >, R 11 AT, VVTMa fH7E
B KRBT i KT Marshall 31 SGC ¥, b {8
258 /NTF Marshall 341 SGC 2,

WP 11 P8R, L lg N AR, 1g S kAl
bRz, WE 6,

4.5 'y
e —~—MS  P=5%
i&\\\ —a—MS  P=50%
RNty —e—SGC  P=5%
RNV N —=—SGC  P=50%
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e 3.5 SO N
- NN
\\.\3§0 &&\'§t
SR A
\'\'\'§ N
3F V. '§'
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Fig.6 Lg N-lIg S curves of mixture by different methods
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(3) FA=WIRE T LB SMA R 58 R 1
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(4) AT KRS, 9% 57 B 28 %
B VVTM 955 )7 PR IR o (ERE R, R b (HH
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