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Abstract

In order to evaluate the water damage sensitivity of MIST test and analyze the water damage re-
sistance of granite asphalt mixture, the road performance improvement effects of six anti spalling
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measures are evaluated based on AC-10 asphalt mixture and AC-16 asphalt mixture. The results
show that the evaluation conditions based on MIST water damage sensitivity test are more strin-
gent, which can more truly reflect the water damage resistance of granite asphalt mixture under
different anti stripping measures, and provide strong support for the evaluation of water damage
resistance of granite asphalt mixture.
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1. 5|8

EAER, B [ SO0 HE Al Bt BN AN AR S DR RO AN T T 3, N T IR AR
AP0 PR SRR T R ROk D, B i AE AW 2T, SR IS R4 Bk SULFEI, JRE G
BEEEMENE, MEOVESIE ORI, FEKREEASERE, ERZ TS
Hm LN SHET, (BIERA B R . W YERE L. MR PE RSO AL, PR UE AR R AE A
TR AR PURBIAPERE, X3 20 i 2 1 ST IH B e S 40 4 3K e

BEE ) OCE R TAEE K ABRABIT, Rl 0 AOK A ESER AAm B M4 . ARt
TS OB AL b 5 -5 I 75 IORG R S 7 T R RBRUE PE R AR b, BRI TTH 1 ARIBCHRT . JREG 7
AP E SR, H DR EIEN SRR PUKSIRRES . AW T MIST 5, KM 6 fiit
FIVEHEE, IR E AC-10. ThiKAE AC-16 BRI IR AR K BIR BURPE AT T 07T .

2. ERHER &S SRR R
2.1. [Ferdt

2.1.1. &

FERH TR A RRRRAE TN 70 5 A HIEHAT ML AR SBS BT, ARYE (AR TR
i BVIERE BRI IFEY JTG E20-2011 X7 FIARS M gEHEATAS I, RIGEE R I3 1 fi3k 2, i
JEMTE R AR TR,

Table 1. Technical index of 70-A road petroleum asphalt
= 1. 70-A BB A A B RARIERR

-_ N . B 15T TFOT

U g T o o

mp (5C,100g55s) - HEFE (15 C7)3/ B8 25°Chf AL fE A,
/0.1 mm e fem(gemT)  NEEH/%  (10C)em 1%

R

i 66 0.44 465 163 0.991 68 12 -0.13

BoR 60~80 18~+1.0  >44  >100  ikBast >

o ~ —1.8~+1. > > RIE IR >58 >4 —0.8~+0.8
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Table 2. Technical indexes of finished SBS modified asphalt

2. AUA SBS MR B RAIEIR

AN e B scamm o
WRETH (257,100 g, 5 s)/ . oy B 25°CkE . ~
0.1 mm # RIC fem it EEGTCYem A%
k6L R 41 0.32 93 243 85 12 -0.071
HARE R 40~60 >0 >60 >20 >65 >4 —0.8~+0.8
2.1.2. &8

e A EERIME N 10~20 mm. 10~15 mm. 5~10 mm A1 3~5 mm, ZHEERE FHLHEP(0~3 mm), 1H
b - R A A 0K, HEORTE AR 4370 WA 3~6.

Table 3. Technical indexes of coarse aggregate

3. HEREARER

Eizga iRIIEEPS HOREK
ERHEAE/ % 18.8 KT 26
3~5 2712
SR 5 P >0 2ot AT 2.60
10~15 2.621
10~20 2.630
WK Z/% 1.8 ART 2.0
XU R B 2 AT 4 2%
B IR RORL 2 8% 9 AKT 15
KB <0.075 mm Bk & E/% 0.4 ART 1
BAOETE % 1.2 AKRT 3
BEFEEEZIE) % 19 ART 28
Table 4. Technical indexes of fine aggregate
= 4. WERHIARIERR
izt SRIECES HARTEK R Tk
FRAH T 25 & 2.658 ANF 2,50 T 0328
EVECHNT 0.075 mm HEE) /% 1 AKT 3 T 0333
4 5/% 87 ANTF 60 T 0334
T /(g ke ) 15 KT 25 T 0349
Table 5. Technical indexes of mineral powder
= 5. WMERRIERR
REJRE VS /%
R H RN BIKE Y%
<0.6 mm <0.15 mm <0.075 mm
PRI 45 R 2.632 0.68 100 95.8 86.4
FORE R >2.5 <1.0 100 90~100 75~100
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Table 6. Technical indexes of hydrated lime powder
= 6. HAME AR

iz BAR R iRl EEES
RIS >2.5 2.612
<0.6 mm 100~100 100.0
7 /% <0.15 mm 90~100 97.6
<0.075 mm 85~100 86.7
FIKE% <1 0.4
R R <1 0.4
IHYETRHL <4 2.8
SR Te FhL 45 e TeFhL4h e

H13% 3~6 W1, Fri s i AERRUR BOR T AR 2203 BT VE 2K

2.2. FRIRED

LA L THZE AC-10 FIRHJZ AC-16 TR G B RS . AC-10 1B THRBC AL X A 5~10:3~5:0~3:
Wy = 44:12:40:4, AC-16 [ ITZRIL VAL K 5 10~16:5~10:3~5:0~3 mm:A ¥ = 22:40:7:27:4, RS KK

FoZH e L 7. & 8 MK 1. K 2.

Table 7. AC-10 mineral aggregate gradation
= 7. AC-10 TR R EL R

83T R A% L (mm) 5 B 0 (%)

B
132 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
HHl 5~10 100.0 91.4 6.4 1.4 1.2 12 1.2 1.1 1.0
Rl 3~5 100.0 100.0 80.5 6.7 3.0 2.2 2.0 1.8 1.6
Bl 0~3 100.0 100.0 100.0 80.8 63.8 50.3 345 18.9 8.2
L 100.0 100.0 100.0 100.0 100.0 99.7 98.0 85.0 67.7
Wit R 100.0 96.2 56.5 37.7 30.4 24.9 18.5 11.7 6.6
HBCHE 100 95 60 44 32 22.5 16 11 6
FIEER 100 90~100  45~67  30~58  20~44  12~32 9~23 6~16 5~8
Table 8. AC-16 mineral aggregate gradation
= 8. AC-16 i R REL &=
I FLIE T 2R (%) . N
Wilmm WA T Wi T o e é&faa i *’”“;'f
10~16 mm 5~10 mm 3~5 mm 0~3 mm
19 100 100 100 100 100 100 100 100
16 55.2 100 100 100 100 97.6 95 90~100
132 26.3 100 100 100 100 88.9 84 76~92
9.5 3.9 91.4 100 100 100 69.8 70 60~80
4.75 0.6 6.4 80.5 100 100 41.6 48 34~62
2.36 0.6 1.4 6.7 80.8 100 27.1 34 20~48
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Continued
1.18 0.5 1.2 3 63.8 100 19.4 24.5 13~36
0.6 0.5 1.2 22 50.3 99.7 14.5 17.5 9~26
0.3 0.5 1.2 2 34.5 98 11.1 12.5 7~18
0.15 0.5 1.1 1.8 18.9 85 8.7 9.5 5~14
0.075 0.4 1 1.6 8.2 67.7 7.1 6 4~8
BRI 22% 40% 7% 27% 4% - - -
100 —= o:
—h— W e C
30 ——-@--- ¢ B S’ 7
- - - QTR e il
= e .
< 60 -
@ ,t" 7
j,—v L d 4
Q 10 —— —
V4 - =
e -~
20 - ——o=
0 h sk : : : : :
0.075 0.3 0.6 1. 18 2. 36 4.75 9.5 13.2
G LR~ /mm

Figure 1. AC-10 mixture grading curve

& 1. AC-10 SR &R RECHRL:

100
—a—
% —e— i i
—— i T
£ 60
)
B 40
20
—_—
_—
I~ .—0
0 = : : : —
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G FLR ) /mm

Figure 2. AC-16 mixture grading curve
& 2. AC-16 SR AR R Al phLL
HEHLER 7 A1 8 DR IE 1 K 2 8 I i VR Ak 3 3o AC-10 FiT AC-16 i 1R AR B AL Lk
fic, HE— AT B A R E
2.3. miEHALR
s JTGF40-2004 (AT MM THAMIEY , FNEEMANRLETRELERAY, ¥FHY
BURTESE TR A 5 HAS[E 0 A b bR dE S8R IREE, 5545 5V A = HAS 2] AC-10 Fifd i
FEEN 5.3% [1][2] [3], CATIAG AT EE e, SGREUBATEE 4.3% 4.8%. 5.3% 5.8%. 6.3%; XTI
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E8AC-16, FfEHA N 4.4%, % 0.4%RIBEAELL, HL 3.6%. 4.0%. 4.4%. 4.8%. 5.2%. 5.6%75/NA
[F A b . FE R A TR AR AC-10 F1 AC-16 T S 8RR A AR AR Fa b A g 2 Fa bk Be 45 3 L 2
9. # 10 FKE 3~6,

Table 9. Test results of AC-10 optimum asphalt aggregate ratio
9. AC-10 HEMALLIREER

WETH%) ERM AR R R 2R T A fa R Jil FL
’ AEXT % B VV (%) VMA (%) VFA (%) MS (KN) (mm)
43 2.287 8.21 15.74 47.87 12.9 2.8
4.8 2.311 6.52 15.30 57.39 15.7 3.5
5.3 2.329 4.25 15.12 71.92 15.4 3.1
5.8 2.380 3.02 13.7 77.8 14.4 4.4
6.3 2.360 2.95 14.90 82.0 13.9 43
HiARIELR 4~6 >15 65~75 >8 1.5~4
10 2.4
8 ' 2.38
g
. i 2.36
# \\ & 2.34 —
4 3% 2.32 // .
% \_. % 2.3
2 & 9 98 N
0 s 2.26
4 4.5 %6%9%5 6 6.5 4 45 %Eb{:% 6 6.5
(a) (b)
100 16.5
80 — 16
£ 60 / #£15.5 \\
% — B 5 2 <
ﬁm B1as ~.
i 20 ﬂé 14
0 13.5 e
4 4.5 ?EHEI:ISE/)%E) 6 6.5 4 4.5 %way/%S 6 6.5
(©) (d)
20 5
° 4 '/‘
% g3 - *
X = 2
% 5 a
£
0 0
4 4.5 ?EHEH.’.?%S 6 6.5 4 4.5 ?FHEHS%BS 6 6.5
() ®

Figure 3. Marshall test results of AC-10 graded mixture with different asphalt content
E 3. AC-10 REAEHBERER SR DH/RIAELER
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Figure 4. Determination of optimum oil stone ratio

B 4. sEMALLAIHE

% 9 K& 4 FE 5 43 OACmin = 5.1%. OACmax = 5.4%, /& 3 F1E 4 7] LLFE BBkl 56 s 75
FHEJE BN, % BE AR OE FE I AR, BT LB FR 22 FH{H a3 /24 OACT, OACI =5.0%, OAC2 = (OAC
min + OAC max)/2 = 5.2%, OAC = (OACI + OAC2)/2 =5.1%, % EAHifiEEFmnE T AC-10 AL A
5.1%.

Table 10. Test results of AC-16 optimum asphalt aggregate ratio
= 10. AC-16 JfEMALLIKIGLER

‘ EAH A FORHAIRIR R e

i He (% o o . LA FL

A CR) R 35 VV (%) VMA (%) VFA (%) MS (KN) fiffl FL (mm)
3.6 2.288 7.2 15.4 53.2 133 2.59
4 2.304 6.1 152 59.9 13.92 2.74
44 2315 5.2 15.1 65.6 14.94 2.84
48 2.335 3.8 147 74.1 15.8 3.24
5.2 235 2.8 144 80.6 14.64 3.79
5.6 2.344 2.7 15 82 12.97 4.18

BORER 4~6 >15 65~75 >8 1.5~4

236 8

% 2.34 e 6 \

& 233 — S \

=232 X ¥4

231 o ~-~—

£ 23 7/ o

2.28 ‘ 0
35 4 45 5 55 6 35 4 45 5 55 6
A E /% At /%
(a) (b)
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Figure 5. Marshall test results of AC-16 graded mixture with different asphalt content

& 5. AC-16 RECAEHE A E

H2 10 flE 5 458%

B D BRI R

C I VR LR AR R AR HERS H -

OAC, = (a, +a, +a, +a,)/4=(52+48+4.7+4.6)/4=4.8%

0AC, = (0AC,,, +0AC,,.)[2=(4.4+4.9)/2=4.7%

B AT L OAC = (0AC, + 0AC,)[2=(4.9+4.7)/2 = 4.8%

RTINS NN ENE G, AT RGEEESS . K. R U EEN. it
5 R8N G 0 I AW T R AR, RIS 2 S A AT A 4.9%

3. KRR R AT

3.1. FEHEER SR

BT AC-10 TR AR AC-16 TR AL PO 6 FhPTsEH#5 ti (10 2 F VERECSGR ACR, DIk HH
M7 I 1. Hrp oy — A AR 84K 3/8 Bk, RSB 5 % —HHE A AR 4K 3/8 1)
WA, SR 0.3% IR s 77 & = F A A B4R 3/8 By, R SBS etkilis: 77 %M
KHZEBTE , ABCET K 0.3% MDA RI(ELBGE, HEDTHREE ) SRS B R 0.3%): J7 %
TR 5% B A BCET s T7 5N R E E Attt & Ma ICET 8 .

3.2. AR HE

TR A BHR KA E EAD SR R AR B 5%, 54T B 3h e 8 E MR I3k 77 ke i/
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WYIMR[4], H AR K S R s L2 O R 55 206 R 25 FE 2 11l PR, AW FEa A 17 /K 358 35 UK
PERR B I 6),  IUKAN (7 0300 ¥ 15 i (14 16 B 5 30 75 VR A bR R ek

Table 11. Anti spalling measures

=11 REEET R

s HE
E D 70-A Wkl A Kb =43
HE?2 0.3%HEHE R eI & Wk E AR =43
T3 SBS I E Wk E A KR =43
EX 70-A (0.3%HEST L5 7 EL %) L)
ER 5% S ok
JE 6 B2 A S s

Figure 6. Water damage sensitivity tester MIST
& 6. KIREHRAMEMAL MIST

ISR BB M A — P E I 2 A N B R & R DL R R I3 B, MR e S T
TEH R B T AE e S B TR AR R AR R FUBR K R ) 26 1F R kAT, X ERF SR SRR AR AL . /K
AT N 1 HSLIREE[S] [6]. KAEFIEHLERZ RS EE M mR) UEOKIAEE, KR
BURAE M ACRE S SR HE DL - =R R, BIUK. NOUATER, TR R A R E A R 7]. % K EE
58 MR 5 B — SR I IR], 1 7K B R G A P AN I R R FR 2 4 /e, T AN R A
B, FTEEHERIEL T DA BB b R
3.3. PR

¥ AC-10 1 AC-16 FTXT L1 6 Fistl 77 4% IR BYE ZER B B BRI, AN 7 R85 8 S HIR
P, Oy BT DEURFE B WA R R B R R B 2R B R L, MIST Bk AR & /% MIST 5%
B L ARG

MIST SN AR B E S HON: 3500 IRAEH. 140°F (60°C)~ 40 5.

34. REEER AR

PTG T B U (R IG 2 AR, X 6 Py 22 Y I AT AR P R B 2R i R ke B e B R
B BR 5 B LG B MIST 568 Ji5 (% B e A B s B R0, FRIAFRE 4 SR 36 12, % 13 I 7, 181 85
B B B AR IR 45 LA 14, £ 15 AE 9. 10,
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Table 12. AC-10 MIST residual stability results
= 12. AC-10 MIST RBREE LR

‘ 127K 0.5h 12/K 48 h MIST J&
ﬁ il FL FRESE JitfH FL FasE B WHIERE  JMH FL FasE PR E
(mm) MS (kN) (mm) MS (kN)  FasE E (%) (mm) MS (kN) JE (%)
VE D! 3.4 18.89 4.2 16.03 85 3.0 13.94 74
UE Y 3.8 17.17 4.0 15.51 90 3.6 14.11 82
TE3 49 22.20 4.8 20.47 92 4.4 18.03 80
LEX 3.3 16.62 3.6 16.58 100 3.4 13.45 81
HES 3.6 21.17 3.8 17.9 85 3.6 16.71 79
LEX 3.9 20.06 4.1 18.88 94 3.8 17.16 86

Table 13. AC-16 MIST residual stability results
F* 13. AC-16 MIST BB EEER

#/K0.5h 127K 48 h MIST J&
Wik
K5 VG FL g A8 FL e TR iAH FL FeEE KRR
(mm) MS (kN) (mm) MS (kN)  F&5E (%) (mm) MS (kN) (%)
ES! 3.9 15.66 3.6 13.32 85.1 4.0 11.78 75
LEY 4.4 16.06 4.1 14.32 89.2 4.4 13.22 82
TE3 42 16.46 4.0 14.70 91.5 4.6 13.02 79
EX 3.5 14.39 4.1 1435 99.7 4.6 11.25 78
HES 3.6 17.66 3.8 15.70 88.9 43 13.34 76
ViEX 3.9 20.06 4.1 18.50 922 4.2 17.30 86
120
100
80
§
M
60
S‘l%
B8
TS
20
0

S Tr 2 TT A3 TT %4 TI %5 T7 56
OF H5k B R L OMISTHL B 9 tE

Figure 7. AC-10 MIST residual stability
& 7. AC-10 MIST 3% BBR2 E &
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Figure 8. AC-16 MIST residual stability
[ 8. AC-16 MIST 3% BB EF

B 12, 3 13 AL 7. & 8 ATLAE H, 2 /KA EURMEIRAX 3500 Pt il 5 24N 77 58 Fodt B (1)
B B et s FEE AN IR 7K 1) BICR 15 H I B AR P R A AR B, LR Bk B e P U R K S /R IR 5% B
Fasg B BARA BT TR, 433 MIST J5, AC-10 1 AC-16 FRR RIS DT R, RETE 6 HaEai
PEWI IR A RHEZ 7 3500 Yl 75 IH I R TS R T35 T 85%MIER, i FLIKIR /K B #id s AC-10
FTAC-16 TRt 7SN T5 Sk B Ao BE AR REIH 2 K T-58 T 85%IM 2K, 1 /K A BURR A AN i 7K
SRR 25 At SN2, 8 B0 S S ST ZE 0 2 AR F T Bk s 0ok B T R R R A FH 8]

A LA H 225 7K AR R U DAY 3500 VRIS AC-10 HT AC-16 7% B A% R FE IO LA AL [RTItk
PL AC-10 BI7KARIRBBURAE MR 50 25 AT 2007, 5K G HUR RIS RIS 45 AL, S K BER
BRI A 3500 Uikl fa BIRAE S K R FE R/ . TR AR E A /N MIST JE 7% 1(70-A). FTE 2
(0.3%TFEREABIBE) . 7% 3 (SBS BT ) T 4 (EPTBELEF) . HE S C%atilhi). FE6(BaE
AUETIE TR E R E M EIK T 13.0% 9.2 % 11.9%. 18.9%. 9.4%. 9.1% , AR ASMENEH
TRA R B B AR e B PR IR B/, 11 HL MIST S5 475 1H 6 2 RV L SR, 4 5 006 465 7] () 5k B o FE BRI B K
M H MIST Ja ARG HRbRAE, Ui AL T 300 B2 B T PR IR, /N b S8 9 8% e v A8 o 3 4 e ) FR0
R A Btk

Table 14. Residual strength ratio of AC-10 MIST splitting test
= 14. AC-10 MIST B3 ZA IR KR BRI EL

RIS BT RS MIST J&
J% e L2 TR B BE LRI 1) {27 B BRI
g SH GE: WREERT  HREGRAELL (g4 SREERT  BREAGRFELL
PT (N) RT (MPa)  PT(N) (MPa) TSR (%) PT (N) (MPa) TSR (%)

JE1 13,0025 1.28 10,794.8 1.07 83 9594.8 0.95 74
Ji%2 11,0875 1.09 9688.0 0.96 88 9212.4 0.90 82
JE3 144175 1.43 12,799.0 1.26 88 11,542.8 1.13 79
T4 12,8300 126 11,710.0 1.17 92 9376.1 1.00 79
RS 13,9500 1.37 11,830.0 1.16 86 10,438.3 1.03 75
Ji%6 150825 1.49 13,420.0 1.33 89 12,496.9 1.24 83
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Table 15. Residual strength ratio of AC-16 MIST splitting test
= 15. AC-16 MIST B3 RIA I KR BRI EL

FrfEEERL VRRhEE L) MIST J&
e IR Bz TR EExd EE R0 IR EEXd BRI 1
faf R ff 3% MEFERT PR faf M RT  FREGRELL
PT(N) RT (MPa) PT (N) (MPa) TSR (%) PT (N) (MPa) TSR (%)
HRE1 14,5567 1.44 12,082.0 1.20 83 10,590.9 1.06 73
TE2 14,9667 1.48 13,170.7 1.30 88 12,121.7 1.18 80
HE3  16,196.7 1.61 13,281.3 1.42 88 1175.4 1.23 77
FE4 183533 1.84 16,701.5 1.67 91 14,767.4 1.46 80
FE5  18,850.0 1.88 16,325.1 1.63 87 14,922.5 1.43 76
FE6  16,106.7 1.61 14,496.0 1.45 90 13,573.9 1.34 83
120
100
80
S
@60
b
& 40
®
20
0
FEL R OHE3 O HE4L RS K6
5 HUTk R L OMISTH B 5 5 L
Figure 9. Residual splitting strength ratio of AC-10 MIST
& 9. AC-10 MIST B2 245k ER5RELL
120
100
w
- 3 . X
. = 3 B ) RIS
“ Na NBE NE NE Ne NE
& R HH O BME HE HE HE
i 2 SH O BME BE HE HE
= 3 e HE HE HE HE
S HE HE HE HE HE
E 3 e NE HNE HE HE
3 HEH BME HE HE  HE
= = = g = B
o M N NE RNE HRE HE
Vg3 HE2 OHFRS R4 RS HE6
B K% B L b ONMISTHE B 5 & L
Figure 10. AC-16 MIST splitting residual strength ratio
10. AC-16 MIST B335k B5R E tL
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B 14, 22 15 F1E 9, |8 10 /T RAEH, Zad /KIRIA UMM 3500 (Rl 5 % i RITE 77 20
(1) B% 24550 1) B B e P LR 4 B 6 1 e B e B LU AR AL, 7E AC-10 R AC-16 FITK LI 77 5
HFIE TR 2 (FEFRESGIRIT R 6 (A B A SN TTEST 3500 Ul fE 475 11 2 B K F 45+
80%IMER, MR RES ZLALS 6 FhTRITE J7 S350 L AR B i B LU iR, XU B X I 7 TR A BHEEAT K AR

SEPEVPATIN, ACEG B RRE I BURKAER], TS B R AR /K R AR T TR S R KRR
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