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Analysis on the Key Indicators of High-Temperature Performance of
Modified Asphalts Commonly Used in Steel Bridge Deck Pavement
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(1.School of Transportation, Southeast University, Nanjing 211189, China; 2.Zhejiang Jiashao Cross River Bridge

Investment and Development Co., Ltd., Shaoxing 312000, China)

Abstract: High-temperature performance of three high-performance modified asphalts (A, B and C) and
SBS modified asphalt were characterized by multiple stress creep recovery(MSCR) test. Their non-recov-
erable creep compliance(J,,), percent recovery(R) and the corresponding stress sensitivity indexes were
analyzed. The high-temperature performance of asphalt mixtures fabricated by those four asphalt binders
were evaluated through wheel tracking tests and dynamic creep tests. Ultimately, regression analyses were
carried out between high-temperature performance parameters of asphalt binder and asphalt mixture. The
results show that the J,, of A and C is comparatively smaller and percent recovery is bigger than SBS modi-
fied asphalt and B under different stresses. In addition, the stress-sensitivity of A and C is lower than that
of B and SBS modified asphalt. Furthermore, the high-temperature rutting resistance of A mixture and C
mixture is superior to the other two asphalt mixtures. Comparing with tracking tests, the dynamic creep
tests show better correlation with J,, and R. It is more reasonable to use J, and R of asphalt binders at
3.2, 6.4 and 12. 8 kPa to evaluate the high-temperature performance of modified asphalt mixtures. The
application of A and C could improve the high-temperature stability performance of steel bridge deck pave-
ment dramatically.

Key words: modified asphalt; high-temperature performance; multiple stress creep recovery(MSCR) test;

correlation analysis; steel bridge deck pavement
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Table 1 Properties of modified asphalts

Asphalt Asphalt Asphalt Asphalt
Index

A B C D
Penetration(25 “C) /(0. 1 mm) 31 77 59 65
Ductility (5 °C)/cm 5 79 44 28
Softening point/C 68 95 87 76

Dynamic viscosity(60 C)/

4987 92362 133100 3905
(Pa -« s)

Elastic recovery(25 °C)/% 81 98 92 84
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Table 2 Design gradation of SMA-13 asphalt mixture

Sieve size/mm 16 13.2 9.5

Passing ratio(by mass) /% 100. 0 93.8 63.1

4.75 2.36 1. 18 0.6 0.3 0.15

0.075

24.5 22.3 19. 4 15.3 13.1 12.1 9.9

AN 7 S0P 0 T TR A R ) SR A U 7 Al Ao D
IRAR IS AR - A~D I IR A B B A L O
HAEO 0 6.0% .6. 1% .6. 0% .5. 9%.

AU 5T R FH % N G 0 0 S 2 A 05 A2 3 5 ok
PR SO U T TR A R e v e = RO
45 JTG E20-—2011¢ A % TR I M & IR 4k
RIGFLAR ), B8 & A A RS 28 300 mm X 300 mm X
50 mm AR A B B Fh Elor: U 7 R 3 B, Bha
U AR v L B S I R R S AU ST Sl 150 X

180 mm (1 2t Pk 5 75 1R & kL, 75 28 1 B s 5 90 #1145
FR 1R $100 X 150 mm 5 I A

2 KA E

21 ERHBTHRERR
AASHTO TP 70(Standard method of test for
multiple stress creep recovery (MSCR) test of as-

phalt binder using a dynamic shear rheometer

(DSR) Y i) MSCR 5@ H T 2 S0 S, 435 R



5 43

T 5545 A 00 B 2 P Ot I 7 R R R OB AR AT 835

0.1.3.2 kPa. 2y T 55 1 b J5 Wl 4 1 0007 7 ) IR M 28
FPERE AR SR AR ANE N T 6. 4.12.8.25. 6 kPa 3
G0 3. PR A SO T 5 2 71 R 9 MSCR iR 56
o B VEAAS [R5 5 7 9 R R B MSCR R 56
FEZR 181 2y 235 30 i P Ve L 4 e 0 2 AR S O

AU 5 AE 2 AR A 2w A 77 1 MCR-102 i
AL HEAT MSCR R 55 . 15096 1R B % & 64 °C L 2%
NS HEAT 10 N ERAG I , R IR AE A 1 s 1Y
TNER G BE Bz 9 s i EI AR I Bk

MSCR 256 4K 15 19 3= B2 07 4 15 br 40 35 A n] P
SMGAR o ] SO AR R R (R Hovp, T 38 H
VR T RS T B8 7 LA RN, iR
REER AT R WA % B W I3 7 v R T A b T A M e
— M DL SR AE MK Wi A SRR I R M b
Jo'5 R AR RN (D ~ (6) iR,

€1 — & T & (1)
€10 = & — & (2)
Ju(zsN) = &2 (3

T
I Sum[ J,, (z, N) ] 1)

10
— 0

O 100% (5)

1
R — Sum[eiér,N)] 6)

2 ceo Sy A A S0 0 A B B 40 R AR L 0% s
Ay A T SO 0 2 B B ) B 8 IO AR AL 06 se SRR
WM 52 B B 14 e 4 I AR AL 6 5 o St o i BY 1) i
1,530 0.1.3.2,6.4,12.8.25. 6 kPa; N J#H L
PR 5 72 P 5 J S8, A N ) R R 1~ 10,

AASHTO BLEEE T T Al R $5 45 14524 - A B
FESCT s N BUBMEFE AR T o o A1 Rue s BB T
BLIIHE 71 ~7 (o << )AL R P T FT R 48 A5 9722
R OL. —MAFOCN S T B T e e (L BR R HEXT 0
4 708 A BRI AR E ME R L A 22, T R 48 45
AT LA I 307 7 U5 78 0 S Sk B g ) SO AR B HL
T R {8 80/ FEBRPE R S PR BE 32 T 19 722 AL 52 R
SRR /N T e e P R F8 BRI 1153 WL (7) ~ (8).

(Jnrr? — Jnrr )
deamrl,rZ) = 171 X 100 % 7

Riiice, o) = X 100% (8

2.2 ENFEHIAE

ENERIRE SR JTG E20—2011 th T0719
177 V5 AT R I AL S S [ SYD-0719C-2 H 3l 42
RA IR IR E R 60 C. EROL RS R 2 J5 , v 7 4

B BT R B R BUR 4 7E 45 min B Y
AT d, .60 minft () BT d. DL IR AR
HEaE E DS, iR BUR — st 3 e oo 1k
P BIHEAE R 4 S E S5 5.
2.3 BHBETKRE

Bl 25 T AR 1 2 B SO 16 ] b i A G T ik i
TR RIS E S UTM JTREIRIGHL . th in#k &R 45 .
BRGNP R G 3 AR IR R80T R
TEA 50 L BE 22 7E (60 0. 5) °C Y [l . 2h 28 0 A8 3,
55 vhgh 1) i 7% 5k 700 kPa, H R % B 0 280k
JE K2 EBZ B Ak 0. 1 s J5 2% 0. 9 s, B 1 A4 i 7s
PR RN 1 s, 300 0 28 1k Z o 18 ) B3 0 A8 36
F] 50 000 pm/m 8 HEZ IR EGEE E] 10 000 K.

3 BMhEeRREMHRREERS
A

3.1 MSCR i 3 f7 35 fh £k 5> #7

B 14 4 Rkt E A9 MSCR 256 i<k &, i
B1 AT UL 4 Bt T R R0 AR Y BE ]
W 3 K a s, Hoh D Wi 1Y Bt A i KL B
FIRZ S ALC W A X AT 6 & BN, HAH 258 K5 X
T 0.1.3. 2 kPa 2 G/ 7 54 Felo PR 5 09 8 A2
BRI M R 1k 6. 4 kPa B, B.D Ui & 1)
I A% FEFE b A B 3 KR B, I AE 25. 6 kPa B A
FNWE(E s ALC WiTF1E 6. 4.12. 8 kPa T it 1 48 3475 b
THALA KT . BHLE 25. 6 kPa AW —E R K
PN Bt R AR BB AT, ALC I Y R IR AR
e BV BT B.D Wi, U HREEN KK
2.

600

W
=
S

Asphalt D

o

(=

(=]
T

Accumulated strain/(m-m™")

300 |
0.1kPai3.2 kPa;6.4 kPa12.8 kP: 5.6 kPa
200 ’
Asphalt B
100 - ,.,-:-""""FF P,.,.:-'-"""F Asphalt A
L s sphalt C
0 100 200 300 400 500

Timels
P14 FsctE 9 7 9 MSCR ik % i 2
Fig. 1 MSCR curves of four modified asphalts
P20 % 4 P E TR 12.8,25.6 kPa |
() AR5 L R AT B b o . T 2 SRy 4 RO T AR
12. 8 k.25. 6 kPa T iy MSCR i k. th & 2 o] W, >4
N 734 12. 8 kPa B s A C 0 5475 H AT 08 1) 855 A5 Pk



836 #® M

MooR i

824 %

SREST . B.D Wi B ISR K RE ) R 3 A 2
7179 25. 6 kPa I B.D P75 7255 1 A8 393 1) 1 28 i
Bttt B 1 B 10 8 AN 0 B G i B 5 i Ul WO R
PEeY NP BN N e R R 3 7 N R
BRI 3t AR A e AR 2 2k C T A

70 _—
e —
60 - 3760 1
ZESs
L E— .
50 =
< 54
40 L 490 492 494 496 498 500

Time/s

30
20

Accumulated strain/(m-m’")

10 12.8 kPa 25.6 kPa
0 1 I}
300 400 500
Time/s
(a) Asphalt A
70 z 0
g6
L%~ 66
60 ETE 64
Sg 62
S50 E @
g =
< 56
40 L 490 492 494 496 498 500
Time/s

30

12.8 kPa 25.6 kPa

20

Accumulated strain/(m-m™)

10 X
0 . |
300 400 500
Time/s
(c) Asphalt C

55 6 A SRR T 4R K A R L B B g — S /Y
TSR A2 R 0 L B N [ AR RS G PR R 2
AW RBL AL 10 A R I i A2 A RE T B 4
A WiTTE 25.6 kPa iy 10 A MIN — H A
HH B 7 05 7 0k A2 e AT Ak T A R FR KA

600 - ERREY

EREREN)

L~
500 F Bz 110

= -

= E 100

ERI)
400 - 8

< %

400 402 404 406 408 410

300 F Time/s

200 - i

yd

Accumulated strain/(m-m™)

; 25.6 kP
o 128KkPa a
0 : )
300 400 500
Time/s
(b) Asphalt B
600

260
250
240
230
220

500

(m-m’ ')

Accumulated strain/

400
210
400 402 404 406 408 410

Accumulated strain/(m-m™)

300
200 | 25.6 kPa
100 !
0 : '
300 400 500
Time/s
(d) Asphalt D

B 2 4 Bkt LE 12. 8.25. 6 kPa T i MSCR (i1 4

Fig. 2

3.2 MSCRIREIEIRE RN
3.2.1 AR NEAS T

ARG 3.1 By Hr. 40 J1oh 25. 6 kPa B, B.C.
D 3 FhsCHE W T ¥ A TS AR B N SR IR e,
1B 2 AN 2 (SR 58 75 1 53k i A2 i 0 T = A 1) 2R
TS B SR TS 25. 6 kPa R & W0 J. &
R 1H.

4 MM ETE 0. 1~12. 8 kPa T J . fEZ1LIE
SN 3 s, B 3 AT L RSN T AR LR
) 2P 0 1 1 T A 4 BEO R 20 /N B 53 Sk D i
SBUIE>AWIH>CUE. WA AR AR 3
() £ BE 43 B ] 0, C I 75 14 e Lk RE SR &> A W IR
Z ARG B .D W e iRk e A 2.

3.2.2  ANRIPR A TR ZE B N ) SUBHE FE AR
4 P E B T ao (WA 4 Fros. B Kl 4 7]

MSCR curves of four modified asphalts at 12. 8, 25. 6 kPa

120 o Asphalt A
e Asphalt B
100 - & Asphalt C
¢ Asphalt D

80

60
40
20t

t/kPa

(SR i & 7w o N [ DA B A A
Fig. 3 J.. values of four modified asphalts at

J./kPa™

different stresses

WA CHEMN Juano . o X Juaron. s.o B/NT
0, UL ALC U5 XN ) A2 AR 3 AN UG B



5 43

T 5545 A 00 B 2 P Ot I 7 R R R OB AR AT 837

DWIE B T oo 1, 5.2 IR T 50905 T aiseco 160 BIR
T 10000, FLHI# ZE0g R FJ5 3 . il B W5 XN
07 3 28 At Ry ORG24 N W S A 0. 1~12. 8 kPa
Z AL B ACC W E W T aico 0.0 15 IF 16 3
KA B /NF B.D Wi &, B D Wi % X B KW
IO7 3 A2 A AR REURE S DT iR R TR SC R E Y X
2 B E AE 25. 6 kPa A5 1 /NI ARk &R TR
B R IR B SRR C T A RO T A AR
BEMXT B.DHE BLEIE ST AWHF. U
HAE 25.6 kPa T RIS 6 NRAA LI T — & W
IR s AW T o airrco. s TELIR/ZIN s BOCHXT B R 1)
IO7 3 78 A AR R B e A DR B T HLRE 8 78 25. 6 kPa
T ATB PR AR R G ) A SV E

300 E Jm diff(0.1,3.2)
250 L 2518 DID] delﬂwl.ﬁ“)
den’ﬂol,\zx)
200
163.9
=150 140.6)
E 103.1 104.
<100 - 96.7
57.4
50 - 37.8
0 -34.7 %
Eﬁ"ﬂ.ﬂ ‘-35.2E:,Z'8

-50 ‘ )
Asphalt A Asphalt B Asphalt C Asphalt D
Asphalt type

B4 A M E 0 T ol
Fig. 4  J,.ar values of four modified asphalts

3.2.3 EEASKE R

A FPEsCPE D R [F] N )T B G AR K S R AN 5
frias. & 5 AT UL B.D Wid 9 R E K& N i i
i T 3085 /) o 150 B G M G 5 B B N D Y 4
g 17 S s X T ALC W, N AR 0.1~
3.2 kPa Z [A] A8 A i, H: R (B S0 52 3 Rt 3, i 2
T2 /IN B N 38 AT 8 B0 T AT N e R ) A AR
TAERAS BEE N T 5 5 SO TR (0 T e A 1
R PR T SR T DR S A BT AR R s 2
KT 3.2 kPa i, AL C 55 1Y 55 4 14 B8t T 1 Bl
JF 7 AR AT 2 T R AR R L 5 MISCR 56 v i
FIAK- 3 AT 3 ik 3 T 04 R R R R A fE £
AP RAE. 25 b, C Wil 0. 1~12. 8 kPa Z[H] )
PAPEWK S PERE B AR A IR IRZ . B I TR KN )
RETFH T A WA D W WK 2 aE
2.
3.2.4  BRARYRIE FE N ) BURE TR bR

(&1 6 A 4 FhEcHE D iR AR VK 52 23R N ) U AR A
R S5 & 6 AT 0L ALC W E Y R0 KX

O

80

60

RI%

40 -
m Asphalt A
50 | ® Asphalt B

A Asphalt C
& Asphalt D

0 5 10 15
t/kPa

5 4 Fp kR 9 78 A W BT R B R

Fig. 5 R values of four modified asphalts at

different stresses

Raitco. 6.0 B/NT 0, 3% 5 3.2, 3 $2 5] 19 2 1 5 i R
KB AR TAEREA K. B.D WH M Raro.1.50 X
R o BRT 0. H D WHHFMEEWE KT B
X R BN A2 51k D U e
REMRREAR s 24 18 7 7F 0. 1~12.8 kPa 2 [i] 25 fL i,
ACWEM Ruco. 1100 HEILIE/NTF B.D i, X
FEWRE KBRS AR A X ALC 75 BRE P AE Y 5
SR/ D Wi R (B2 0] 0 KT HoAax 3 Fhek
PEWI T L 3X R W] D 7 1 55 P BB X N ) 1 722 Ak B
S BURR SEAS  AE IV g 4 R o AR b R 2 LB R
2 YERE.

100 [ E ﬁdvﬂ‘(ol.} 2)
diff(0.1,6.4) 79.7
80 Ranoorns 7
0T 48.1
< 8. 44.7
" 40
~ 24.2 22.9
20 16.9]
7.8 6.7
0 7 .
=y -18701
_20 -9.6, . . . )
Asphalt A Asphalt B Asphalt C Asphalt D
Asphalt type

Bl 6 A ekt E 1 R
Fig. 6 Ry values of four modified asphalts

4 BERERANSRMEERRER
543

4.1 FHIKE

A4 BRI R AR RO ZE R LR 3. i &
3ALUL . A Wi IRARE 60 min WA B AL & /. C
WA IRE R KT A PiF R AR DB IHIRA R
SR B R R TRIPI . B B U5 IR A B



838 #® M

iR K Eahfa @ . A MiF RS RRK.C
W IR AR /N T AT .DIH RGBS 3,
B 75 10 G R 3 2 R B fie /. AR 4 S 5 1)
SER TR A TV I TR ARG R BT 4 O g
SRS A A THFRAGH>CHFTFREGH>DH
AR B W AR
R3 ERKRBRER
Table 3  Results of wheel tracking test

Dynamic stability/

Asphalt Rutting Rutting (eycle » mm 1)
mixture depth of depth of
type 45 mins/mm 60 mins/mm Test Specification
value requirement
A 0.908 8 0.954 3 13 846
B 1.5029 1.6125 5748
v =3 000
C 0.9311 0.9857 11538
D 1.3256 1.4130 7208
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Table 4

Parameters of dynamic creep curve of four modified asphalt mixtures

Primary stage

Secondary stage

Asphalt Critical Strain rate in secondary Flow
: : . R
mixture type Fitting model R point Fitting model R stage/(pm * m s ) number
A y=1449. 52”777 0.966 4 1661 y=0.725x+8 501 0.9927 0.725
B y=2849. 62"%"° 0.994 7 2 825 y=3.779x+16 836 0.999 8 3.779 6017
C v=2072.42"7° 0.979 4 1409 y=0.9572+10 660 0.997 2 0.957
D y=23198. 02" **° 0.983 8 869 y=6.273x+11 555 0.9957 6.273 3069
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