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SPT test of high temperature performance of asphalt mixture in
middle surface layer of RIOHTrack

ZHA Xu-dong', FAN Xiao-lin', LIU An-hui', WANG Xu-dong®

(1. School of Trafflic and Transportation Engineering, Changsha University ol Science & Technology,
Changsha 410114, China; 2. Research Institute of Highway, Ministry of Transport, Beijing 100088, China)

Abstract; To select the optimum evaluation indexes of simple performance test (SPT) for
the high temperature performance of asphalt mixture, the complex modulus test and repeat-
ed load test of SPT were conducted to evaluate the high temperature performance of seven
kinds of AC-20 asphalt mixtures in the middle surface layer of the full-scale test circular
track in Research Institute of Highway, Ministry of Transport(RIOHTrack). By means of
the five evaluation indexes of dynamic modulus, rutting factor, flow number, ratio of per-
manent strain to flow number and permanent strain slope, based on the power function rela-
tion, the evaluation indexes among the same tests and the different tests were fitted to ana-
lyze the correlations among various indexes. The research results show that the SPT can
effectively evaluate the high temperature performance of asphalt mixture. According to the

comprehensive average value of correlation determination coefficients among various
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indexes, the rutting factor and the permanent strain slope can be optimized and selected as

the evaluation indexes of high temperature performance of asphalt mixture in the middle

surface layer. The corresponding evaluation results have good consistency.

Key words: asphalt mixture; simple performance test; high temperature performance;

rutting test; determination coefficient
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Table 1 Test results of main performances of asphalt
5 CHERE/ 10 ‘CHEFE/ 15 CHERE/ 25 CHFARE/  #Abs&/ W/
UIR=EUES

mm mm mm (0.1 mm) C (gecm™?)
30# - - fife 22 61.0 1.038
50 # - 119 1326 52 52.5 1. 031
70# - 373 =>1 500 72 48.5 1. 029
SBS1 285 487 — 63 72.5 1.024
SBS2 294 479 — 63 75.5 1.025
AR 67 — — 38 70.0 —

1.2 BE&&IT e, SRS ) B 0 7 455 B & 7 B AC-20 1

TR R AR R BCSE Ry AC-20, R
it 2. 36 mm G FLAYBUE 7T 20 R AHZE 500 1 i
WL e 3 AhE . Ik 2 Bk, Ho . g
M, el I &wam, & [ /v T =& 200, ¥

x2

RA Rt B A b i T A5 2 45 1R AR S £ T
A, 3R, 7 7085 -K-11 #1 70 2-R-1I
ARRIBINT &R B 8% M RA BT 4 BN (KO
G H R TR 40 %I IH RAP IFIR SR (R),

@ 2 AC-20 A4 4 R A B

Table 2 Composite gradations of AC-20 mixtures in middle surface layer

e 38 i F AL (mm) 0 0 T 42/
eyl 19 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
I 100. 0 72.9 52.6 30. 4 21.1 14.7 12.0 9.5 7.7 5.9
100. 0 70.3 49.4 25.1 16.6 12.2 10.4 8.6 7.3 5.8
Il 100. 0 84.0 62.6 32.7 26.1 18.4 14. 4 10.7 9.3 7.5

x3 FEEAC2 RASH R4 L
Table 3 Optimal asphalt-aggregate ratios of AC-20

mixtures in middle surface layer

Ak AC-20 iRk A A/ %
1 30#-1 4.6
2 50£-1 4.3
3 SBS1- 1 4.5
4 SBs2-11 4.5
5 AR-1I 5.7
6 70 -K-1I 4.9
7 70 % -R-TI 3.1

2 SPTE#H=IRE

2.1 REHARRIFMIER

¥ SPT A58 & L 56 B I /Y U 7 TR & h il 1
JiE e S5 AL, K HE B AT B L B 42 100 mm
150 mm B B AR AR, & SPT il S 4
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Table 4 Various master curve parameters of AC-20 mixtures at reference frequency
|[E- [Fh& S5 o FMLESH
AC-20 &R
Al Ag To Tx 900 A Tc w
30=-1 4. 60 1.37  54.88 16.03  4.18  29.48 51.86  22.23
50=-1 4.62 1.58 16.12 15. 87 3.43 29.05 45. 00 24.43
SBS1- 1 4,54 2.13 38.56 15. 26 3.55 27.43 41. 89 26. 31
SBS2- 1| 4,54 1.79 41,41 17.54 4,22 26.53 41. 88 26.70
AR-1I 4,46 1. 65 48.08 17.35 4.13 24. 83 46. 84 25.89
705 -K-11 4.56 1.73 14,87 17.56 1. 66 29. 32 45,70 28. 86
70 #-R-ll 4,54 1.94 42.04 14. 39 4. 94 27.88 43.95 22.04
50 £S5 AC20 ®AA SPT A HEZ KB FMLER
4.5 Table 5 Evaluation results of SPT complex
4.0 modulus test for AC-20 mixtures
<
[=
E 35+ |E* |/ o/ |E*|/Sing0/
5 a0l AC-20 5K . i
= MPa ) MPa
23 30#-1 534 31.7 1016 1
2.0
505-1 300 27.5 651 7
15— S
0 10 20 30 40 50 60 70 80 SBS1- | 399 25.2 938 2
T/C SBS2- 11 314 25.3 735 6
. R AR-11 390 26.0 891 3
B 1 AERET AC20 ROMFAE T LWL
. . . 70=-K-1I 372 27.6 803 4
Fig. 1 Dynamic modulus master curves of AC-20
. 70 24 -R-1ll 335 26.3 754 5
mixtures at reference frequency
- AT 5 AR D R AR E A
sl TR F|E " | /sing XF 7 Fep )2 AC-20 B4 K
’s 1) e M R HEAT PR BT AR A 45 HE Y 45 R o7 e
_ i, A0 T A SPT 4t 00 75 TR ME
\< 20 I N — N 4
s BIPE A 6 b, HOOE O 45 SR B A B4 — Bk,
15¢ — —1
@ TEMFREFEET HRE L8 3 MAFDE
10g IOk 4k AC-20 1) 5 1 HE BB %5 HEIE O 30 % >
30 10 20 30 40 50 €0 70 80 SBS1> 50 # , HAE 7 FiR &k . 30 -1 19 i
T/%C PERE FefE, 1M 50 # -1 My SR PERE e 22 . BT Y [E |
B2 kAT ACo0 A FE™ |/sing 430 25 & W 1. 78 {5 F1 1. 56 . 3%
[Z] S C-20 WA FHARAL A WA .. . B B .
B AT BERE AR 5 B b MR SBS Btk i % vl A
Fig. 2 Phase angle master curves of AC-20

mixtures at reference [requency

MG E RT3 5] 60 CH RIBRE N IE" ||
@ FIIE" | /sing 455 M AC-20 1R & # i iRV Be
AL 25 HEF sk 5 i .

B R AR = TR 4 AR ) s L 1T Y 3 FROAS
VD AC-20 1 G By & iR YR Re L 45 HEF Ry
AR >70#-K >SBS2, Ut B I I 75 Al RA $1 4 5t
FIRER I Mk e TR A R R e . © 70 = -R-11
B i TR BE AL T 50 2 -1 SBS2-11, 136 BH B8R B8 i



20

kb ®E I XFPFRHROE XA F R)

2021 ¥ 3 A

HIRA R R 20, (R 2 AW IH RAP IR ARG 2
AAF TSRS &EPEIEER., © 5@
WiTF IR A R L, SBS, AR Hl#5 /0 RA $i Z2 Hi 5
O T IR A OB AC-20 (19| E | Bl IR B 1Y A5 4k
MR A /N, EIRE#EE 72 CE. B EIR AR
() ve e 1 RE A T 5 9 TR A R Y, R B
HL R ) v I RN R PR BE L T S B TR TR B B
R AR X R A

3 SPTEEMHIRE
3.1 RBHFERITNIER

SPT # & fuf 2 i 56 r 4 5 B A &2 50 7Y
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R FRE WA IR ] 3 B Bt i SPT
Bl SRR s EEAA . O WA
UECF , HoE SO RS SR AN IR 0 4 5L 550 i F iz
FIMZE RS Q HESE e, /FuHe, HIAER
BOGF I Y 7K A7 5 (D) R i B K K I 742 it 280 Tk B
AL R ¢
3.2 AWERSW

A4 3 A TAT IR SPT & & fy 28050 7T
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Table 6 Evaluation results of SPT repeated load test for AC-20 mixtures

Fx €p Ep,/’/FN C
AC-20
g gL/ L g/ gL/
B4 # HEr ) Her HEP HeP
w (X10%pe) (pe s K™D (pe s K™
305-1 613 3 141 3 23.2 2 10.9 2
50#-1 209 7 134 1 69.3 7 31.7 7
SBS1- T 1148 1 171 5 15.1 1 4.8 1
SBS2- 11 354 5 188 6 54.0 6 22.7 6
AR-TI 405 4 163 4 40. 6 4 18. 6 5
70 #-K-11 329 6 138 2 44.2 5 15.6 4
70 # -R- Il 627 2 201 7 32.3 3 14,2 3

SRR 6 A D Fy.e,/Fy flc 3AN48FRXT
Wi IR AR R IR R BE MY PE O 45 SR AR L R R
PERE B AE 4R SBS1-1, M & 22 3 R 50 # -1, [
HHRAS R F o S5 # B 5. 49 £%, 1M 5 # 14
HS 8 e, /Fn AR AR ¢ 4300 2 10 1)
4. 59 FE A 6. 60 %5 W e, /Fy Fl ¢ WITEMHEIT
Fr AR-TI A1 70 #-K-11 i3 BLR e 40, R 3 — 2,
Bk, SPT 84 fif il g0 >k Fave,/Fy Flc 34
PR PEN P IR AR SRR R AR . © Xt
THE T M 3 PN W7 456 B AC-20 IR A
L3 AR IR HEF $0 SBS1>30 2 >50 %,
P W SBS gt 7 BE A ACEE = T IR A R IR
PERE; [RIE .30 # -1 /Y Fy {2 50 % - 1 (1 2. 93 1%,
Ut B R 5 AL 1) o T T TR A R e IR R 1 ek
HVE R . X TR TT Y 3 A (8] ok 1 O 75 4%

BRI AC-20 IR S8 3 DB IL S HEF B
FAAE AR HE P SRR 4 ~6 £, WA A
o ) 0 e L R 1Y R S RO A% A L HE DL TR
XL . © 70 -K- 1A 70 # -R- I Y &5 i
PEREB M F LS 502 -1 1 miRMERE, H 705 -R-
ISR HEAE BT 5, 2R W7 b 5 0 P B a7
o EH RAP R -G8 a] DL 48 SR 5 R 8
RITEILRET

4 MHEXMESH

B SrHr & B, SPT &2 A5 12l 36 1) 2 45 it
|E" | RZERAFIE " | /sing B~ 48458, LA & SPT
HE MR AR ERE Fy HES 8 e, /Fy A
KA AE R ¢ 3 A T8 bR ER RE A S E A U 7 IR
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T3 R DG 43 B 5 DT PG 32 HR 5 LAt 37 411 48 8 =22 ]

FHICME S i 2 1) SPT IR 6 45 - E B W H IR &
REE RYERE R P FE AR . 4 Fh 4 A0t 56 5 R B
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B PE M 48 b 43 0 S s kR 2 JE DL E R B &
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Table 7 Summary of rutting test results for AC-20 mixtures

SRT HWTD APA FRT
AC-20 / ,
ESL DU s M e M e r HEF
(K + mm~1) (mm -+ h™1) mm %
30=-1 7 144 4 0.476 6 1.96 5 2.79 5
508~ 2 369 7 0.394 5 2.04 6 3. 06 7
SBS1-1 7 952 2 0.292 2 0.90 1 1.93 2
SBS2- 11 5 654 5 0.237 1 1. 30 2 2. 89 6
AR-TI 4 360 [§ 0.311 3 1.62 3 2.01 3
70 #-K-1I 7 995 1 0. 355 4 1.67 4 2.31 4
70 £ -R-1ll 7 342 3 0.665 7 2.09 7 1.43 1

M 5~T7 W LAF A TR 4 o 98 07 % F
rEy 7 B Z AC-20 TR REBY I R A HE 4
RZEFBOR SOWE T I RS R R R A 1Y i 5
T PE 45 b1 2 H 45 R B SE — Ay a8, O
I R T R BSR4 AN 4 A 22 18] 9 A 5%

P, HA G B[R — R AR 9 F 2 R R B(E. JeXd
6] — 156 7 ¥k A TR PR A B R® HES (E P AN T
BT B R A, 5 A B A dE AR ] R°
ML BIE . 45 R N3 8 PR .

R8 FREIEMIEARZ N 8948 KM F) T R

Table 8 Correlation determination coefficients among various evaluation indexes

SPT & & & SPT 4 fif % D, R Ag P
AN SR

[E*| |E* |/sing Fx e/ Fx ¢ (SRT) (HWTD) (APA) (FRT)
|E ™ | — 0.876 0.287 0.472 0. 346 0.248 0.029 0.001 0. 000
|[E*|/sing  0.876 - 0.508 0. 664 0.558 0. 356 0. 000 0.102 0.031
Fx 0.287 0.508 — 0. 935 0. 893 0.521 0.015 0.289 0.333
ep/Fn 0.472 0. 664 0.935 — 0. 952 0.481 0.017 0. 247 0.205
¢ 0. 346 0.558 0. 893 0.952 — 0.531 0. 000 0. 383 0.202
D, 0.248 0.356 0.521 0. 481 0.531 — 0.014 0.120 0.233
R4 0.029 0. 000 0.015 0.017 0. 000 0.014 — 0.525 0. 200
Ay 0.001 0.102 0.289 0. 247 0. 383 0.120 0.525 — 0. 005

P 0. 000 0.031 0.333 0. 205 0. 202 0.233 0.200 0. 005 -
R? & ¥{E 0.254 0.324 0.412 0.410 0.415 0.236 0.153 0. 202 0. 140

WS Hr e 8 Al
@O SPT EHEHIRIHIE" | 5[IE" [/sing B
A PRIE] . LA S SPT & i 88 1 Fy.e,/Fy

e 3 M RbrER R® HP#L 0. 85, HIF & 1Y
R* {H T Ry, W [R] — 86 77 ik A [R] 438 o 18] 1) AR 5%
P BT BRSPS AR AR O AR 38 T i
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