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alphalt, BRA) sy BI04 S4B R K274k RS LT 4 A1 2 A 21 46 5 HEAT % ML RE B 9T, 45 S W48
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MR, RO —T -2 M (Styrene-Butadiene-Styrene , SBS ) BICHE I 7 HUAR IR A 5t 58 11 847, 7E
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00" JEJTT I 7 A1 SBS BICHE I T 1 K MM REASIN A SR Ik 1 B

®1 2HHEFHEAEERNER

FEE FFAJE(25C 100 ,55) /(0. 1 mm)  (SRBRIE) BOLA/C HERE/em W /C
90" 3 i I 87.5 45.6 132.07 241
SBS Bt T 70.9 63. 4 47.2@ 275

ORI N 15 C;QRBIRER S T

e RIG IR BRI AW P AT L BT D) 25 0 7 45 5 Rk, m B TR A Il IS 9 5. 0%
BB B 45 S R PR R AR AN 2 PR

R2 BNSEEFNNHBTESHBEREER

iH Ak i/ C HEEY/em FBE®/ (Pa-s)
90" KL T 63.0 52.7 2.3
SBS UM 78.6 68.6 2.1
A gsR =10.0 =10.0 <3.0

ORI A 25 C; QIR 135 C,
SRR AP B F 5 B v ) DL 040 I D ML A B e, KA 0 5 > 18 ~ 26 mm > 11 ~ 18 mm  >6 ~
11 mm >3~6mm 0~3 mm, LABEARAIM B By ARYESCHRL 1S IR ARRAEA TP RN, BRI 25 T H A A
PRETE R EoK . AC-10 I AC-20 PFPZLBCZH AL AN 3 BT/ , AN R FE 2 000 75 1R A5 bR A 42 ) I 4t 434
N 4 7R o I DORARBT 71, 15 8] AC-10,AC-20 B D T BT B0 5. 7% 4. 4% .

%3 AC-10 1 AC-20 ZKE AR

fiii fLi K/ mm 26.5 19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
AC-10 1T/ % 100 100 100 100 96. 1 60.2 38.5 30.4  21.1 13.9 9.8 7.1
AC-20 i it %/ % 100 95.6  84.9 70.3 56.7 39.2 27.6 21.7 14.9 9.5 6.6 4.6
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AC-10 36 21 38 5

AC-20 16 28 15 10 28 3
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TEWIE IR A B AR HR oI A BT 530K 0. 4% 0 A 57, il 28 s i U i R A R R . 5
B IRA R L, 4348 hn s s 1 7006 W 7 TR 5 i FH MR R A 52 ), DL A s B it U 5 TR B RHEE A R 75
PR 5 RARA T B TITERE2E 5 o N EAE , KRB IS B E R N F RSB NAR S HEHEG X
i A AC-10-SBS AC-20-90" (AC-20-SBS, B i m S F M H R SRR S EHA ST ich
AC-10-SBS(H) .AC-20-90"(H) ,AC-20-SBS(H) ,

RO R AR IR B 70 °C Fzfpl 5 1 MPa S50 AR & m B i U 5 TR G oBHA R, 44K 300 mm |
$& 300 mm & 50 mm 5 E]hFRE B, DUR ERUAEE 2K 2 A H AR 150 mm | 5 60 mm FFRIE R R
AT A 50 C K ¥, #2fil s o4 0.7 MPa, DL 4248 08 He ol & o8 52 W/ min #1708 1K, 280K R
12.5 mm SR 2 J7 AT 45 R0 o 38 o AR R U ESORI LA ZE 408 B DA iR A e T PR B

TR 2 6 2K K 250 mm |, $E 30 mm 5 35 mm ({/NGRRE B TR EE N -10 °C IR AE R 2
/b 45 min A BCEAEES AR 200 mm AR L SR B RHRIEHL UTM 78 /N G244 it on i 282, in
N 50 mm/min, 753 BB IRTR B, R F 7 B8 A% B A8 0 Sk U B SR e A 5 R B B X g e 2 AR
B IR ARREAT 6 Ui, B 6 W45 R0 V- B AE N e 28 TH AR BIPU B R AR Ry, i KA 7 b
ey PSS EERR S,

BB I8 o RN AL AST X755 150 mm, B4R 100 mm (34 [RAT A4 it fin A B8 1 5% I8 il
W R T, A BN RN R (15,25 .45 °C) Anag 5 (0. 1,0.2.0.5.1.0,2.0.,5.0,10.0,20.0.,25.0 Hz) F
B e 4 sh A . IR A R (41 15,20 .45 °C) T ORI 4 b, BRI 1R A R 4%
4 AN E

RS S 0 38 2ok VRIS 0 T TR SR 5% B R B L R AR BTOK A T R T, TEAK TR IIK T U R
AR B 2458 B4R BN PUK IR AR ) A . BRI IR AORMRIAE 8 ANl Bl 4 2
5 1 AR EE S 25 CRIZKI ORI 2 ho 55 2 AR A JR AR 10 mL /KAy 3RS
BT - 18 CHYEIRAR 16 h, FEECAIREE Ny 60 CoKIE ORI 24 h, 7R BE N 25 CRIZKIRTH ORI 2 h
Jo AT VR RS R4

SR g 25 i 57 1 0 I O 75 VR A BHIRBU EE &2 A B e 7. K 380.0 mm, B 50. 0 mm, 5
63.5 mm /NI ERIR B 15 C IR 4 h, 2R BEE R 15 C gl by Lk ok 10 Haz, 5 i 15 22 1 A8
2.30x10™ (BT HEAT VU 0 2 e 57 IR o I8 57 A5 A AR S AR R Ry 12 A0 e 20 A o 7 o
20/ G
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3.1 Eimbe

M5 2 TG BT RO AR A0 I A R gk 5 R,

x5 ARHBERERIGHERLRMNEEHALER

R e/ (K -mm™) DURTERIRE/ mm NG HEERE/ (K - mm™") DU TERTR B/ mm
AC-10-SBS 1443 4.7 AC-10-SBS(H) 2 814 2.9
AC-20-90" 1891 4.3 AC-20-90*(H) 8 976 2.4
AC-20-SBS 2458 3.6 AC-20-SBS(H) 8 635 1.6

i 5 nJ . 5 AC-10-SBS ,AC-20-90" . AC-20-SBS Mt ,AC-10-SBS(H) ,AC-20-90*(H) ,AC-
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20-SBS(H) 195 B4 B K 95% 375% \251% , T AR ZEHI0R B 43 5198/ )N 38% 44% \56% , 5 i1 v #i
7R T B AR v R AR AR E . AC-20-90%(H) 9 BhRaE FEWE KT AC-20-SBS(H) , BB &
R AR AR R U T IR R AR SRE ) L 2 28R il s AC-20-SBS (H) B DUER R IR B /N T AC-20-
90" (H) , BIYER /KB 26 4F T, i B it SBS BCHE: I IR AR e IR - e RE S 4f . AC-20-SBS(H) (1Y
FhFAE & AC-10-SBS(H) /Y 3 1%, MR BE L AC—10—-SBS(H) /]y 1.3 mm, AJ WL ZK e % i 45k 30 95 4R
PR SRS E BER MR AR . 4o R0 U B2 th 60 “C Y 28 70 °C, DUAR 42 Bl {30 4 15 X1 1 432 i T 5 o
0.7 MPa 3 % 1. 0 MPa, iz B 7 75 1R -G RHI R 4= AR B TF B -, 28 A A B g PO B2 A B 1 4
Fe T2 N I T IR ARHIA B A S IR DT R B
3.2 {RiEfERE

RPN AL e, AIRALDIH RS RR TR . 2508 2 FalH )7 S sE A7 (R 25 i, 45 ) A
xO6FIR,

f# 6 Al 1. AC-10-SBS,AC-20-90" [ AC- ®6 TEFAERARMRENKEMLRE
20-SBS iR fr i AR /N T 2. 600x 1077, N NG R,/MPa £/107 S,/GPa
R U IR A ORHE A JE XN IR IR 1 B AC-10-SBS 11.81 2.23982  4.846 94
KM, AC=20-90"(H) (i f5 K 25 LN A H AC - AC—10-SBS(H) 14.27 2.835 91 4.192 53
20-90" 3/ 2. 613x 107", R B A e A5k )/ IR ik AC-20-90" 9.56 1.987 53 5.135 04
HURTERE T 5 AC-20-SBS(H) [ R & Hi i 22 ik AC-20-90"(H) 8.58 1.726 25 5.380 83
B FES ey XN e A I TR A RMIG IR Bt 247 AC_20-SBS 10.07 5 18724 475807
REHIBRIE, L AC-20-SBS 3K 20. 4% B AR B AC-20-SBS(H) 12.01 2.633 47 4.371 86

FIAT i 2 = SBS MU IR A R AR BT 2
SR RSB T E ST REYS SBSE RO -T Zh- RO min B RYIRA G, ERA
b 20 EEA B /N , B SRR T AR T U RE F7 L STEL SBS etV T 5 E R A S BE 02 g
i SBS Wi IR Ak, AC-10-SBS(H) 1 SBS i 5 Jiii 18 /3 A3 K, AC—10 AU 5 1R A B AR IR 22 30 1 44
S, Fe RSN AR E#E G AC-20 B IR A .
3.3 HIBEE

AL ] FAEA RHE SN Ak (AR 2l L bl SR B fer 2 ) T RS T ok o e 2 Bl kil
BAFEIFIR GRS BB R NFR 7~9 PR, 3R 7~9 v S &R 5 R 3 2515 i i
JEE B T sk /), BE N 2R B AR R S o R AR R X B v PR TR | v A B s A e 1 RSB A I
B RZA K 30% ~60%

7 FEME S AREEET AC-10-SBS #1 AC-10-SBS(H) fizh S8

AR/ MPa
Tz it/ He RYIRE N 15 C SRR 20 C IR 45 C
AC-10-SBS AC-10-SBS(H) AC-10-SBS AC-10-SBS(H) AC-10-SBS AC-10-SBS(H)
0.1 3564 4 889 2 416 2 883 314 338
0.2 4 266 6 072 2932 3575 371 415
0.5 5 150 7219 3783 4530 475 523
1.0 6 147 8 615 4516 5417 584 647
2.0 7174 10 043 5400 6 460 809 894
5.0 8913 12 278 6 832 8197 1094 1229
10.0 10 284 14 297 8 008 9 626 1 409 1 549
20.0 11 684 16 317 9235 11 041 1819 2 009

25.0 12 320 17 218 9722 11 635 2 105 2 310
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®8 REME S RERET AC-20-90"F1 AC-20-90"( H) MZh A IS8

AL/ MPa
In#kk Lt/ He WEIREE N 15 C IR 20 C IR 45 C
AC-20-90" AC-20-90%(H) AC-20-90" AC-20-90%(H) AC-20-90" AC-20-90%(H)
0.1 2186 3575 1418 2 463 189 267
0.2 2 882 4572 1910 3283 212 315
0.5 3936 6317 2786 4 643 249 358
1.0 5155 8 261 3629 6 047 306 428
2.0 6 472 11372 4700 7 843 345 474
5.0 8 379 13 408 6 357 10 495 674 943
10.0 9 931 15916 71753 12 822 843 1 090
20.0 11 529 18 477 9193 15 378 1074 1413
25.0 12 178 19 317 9738 16 239 1379 1929

*9 FEME & ARERET AC-20-SBS F1 AC-20-SBS (H) Mizh A& S

5 HE/ MPa
TNz e/ He BRI A 15 C IR 20 C B A 45 C
AC-20-SBS AC-20-SBS(H) AC-20-SBS AC-20-SBS(H) AC-20-SBS AC-20-SBS(H)
0.1 4047 5344 3020 3 463 454 552
0.2 4706 6311 3567 4168 522 627
0.5 5 801 7557 4483 5171 642 776
1.0 6 808 8 986 5261 5842 748 899
2.0 7932 10 170 6219 7201 947 1137
5.0 9 585 12 573 7 687 8793 1263 1477
10.0 10 957 14 463 8 962 10 343 1575 1 880
20.0 12 418 16 587 10 310 11858 1996 2394
25.0 13 031 17 209 10 764 12 305 2259 2719

TRIRIRE 9 15 °C, k5 AR/ T 10 Ha, @5 B I 75 1R AR A F (9 3h A i 14 GPa, i 2
%ijz“‘" o« AC-10-SBS(H) \AC—20—90#( H) . AC-20-SBS(H) Wsh &K E L AC-10-SBS AC-20-90%,
AC-20-SBS 433K 39% 60% 32% ;5. )% Jy 15 °C iz 5 AN T 2 Hz,AC—20—90#( H) Y sh S48
Lt AC=20-SBS(H) K, Ji PR A 8 AR BT s & i A A2 U 1 B8 1 o3 1 R A W 30 45 U MR 254 ke )
IARAE 5 5L g 45 °C,AC-20-90"(H) B I A Bk [t AC—-20-SBS(H) /I, 15 W iy 2 A 5 B S0 6
Ko AC-10 Fil AC—-20 I miftita SBS Wi iR A RHALEFE IR B A 15 °C B sh A AR , 26 WA R i 30
AR 2 R URLR A2 B RS/
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38 o 4 B 20 B 75 3] AC-10-SBS ,AC-10-SBS(H) ,AC-20-90" .AC-20-90"( H) ,AC-20-SBS .
AC-20-SBS(H) {5 fld i B 2L 149 3] A 82% .89% . 78% 85% 80% 87% ., AC-10-SBS(H) ,AC-20-
90" (H) AC-20-SBS (H) VR Flt 3 J3 B 224 L 4470 o e A 00 74 TR0 M) R 8 B 4 L R T 80% g
R, AC-10-SBS . AC-20-90* .AC-20-SBS SRR 8. 5% 8. 9% 8. 1% , B A BTN G IR EWHE
TRARH KR EE, AC-20-90"(H) ARl BB 24 Hu He AC-20-SBS(H) /v, JEU[H & SBS dir I 75 fig [
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5, FEARIR RAK A E B AT R T BB MR A 2 . AC-10 Rttt SBS st i 1R A kY
PRRlaR BEBFZLLY L AC—20 AU, Jit PR 2 i A5 i 0 7 Jo o 0 AR A 388 KA 0 7 MR B2 1S K, KA By ik A 75
TRA RS, KR e M 4
3.5 JETIkRE

WA DS P ST IR A DT IR AR R 10 AERSRARAGNMBYEEENES S

FERIAE N 2.30x107" N AL S5 F 4, A3 10 Fim . B VIGHE R MPa S A/

F e 10 A1 A g U 5 TR A RHa AF 0 9% 57 AC-10-SBS 6 538 1 307 039

%ﬁtt**ﬁbﬂ%*ﬁiﬁu Eg%%?ﬁ%%*"l’ﬁ;Ac_lo_ AC-10-SBS(H) 7 294 3 152 356
# g 2B

SBS(H) ,AC-20-90"( H) ,AC-20-SBS( H) [1")J% 57 AC-20-90" 7396 485 361

P ~10- —-70-=90" - — 4

7:5:‘13”3 [:[3 AC=10 SBS‘AC 20-90 _;IEASA 20-SBS ﬁ AC—20—90#(H) 8 778 2 372 583
i £ £ e S KR S 2% i R

jjjia j(%l- 4 1|:|‘\1;7 ’fl:u 1.9 ’Tl:u Uik xi&q&igfzd AC—20-SBS 6 843 967 684
[7 , 98 55 75 i Y IR A ] s AC—20-SBS (H) #4957 £

AC-20-SBS(H) 7479 2 845 441

Bt F AC—=20-90*(H) , JEU[K & i Mk SBS ik
W IR A BRI UG S R RN R ORRR N AR ANAS | T 32 1% 1 /0N, 952 55 75 fimifli 55 5 AC— 10 #5545 SBS
PR TR A R 5 MR U T AC—20 Ui i SBS Pt IR Ak, Wi 5 88 22, SBS WOk W 75 1 i 7%
IRABHOAE AR K TR B RIE e 185 o

4 g

1) B0 I 5 IR A RHA A AC-10-SBS(H) (AC-20-90"(H) ,AC-20-SBS(H) [ sl fa i J
It AC-10-SBS . AC-20-90* . AC—20-SBS 4 3|3k 95% 375% 251% , TV A% 70 850 B 45 ) 0 /)N 38%
44% 56% W FE R 15 CHF sS85 & 53 il 35 K 39% 60% 32% , ¥ fill 5 B 5 4 LE 43 0l 35 K 8. 5% 8. 9% |
8. 7% W57 F sy B K 1.4 F% 1.7 £i%5 1.9 £ FEMRIRTERE 1, AC=20-90"(H) AY# KA Hr B A8 b AC—
20-90" /N 2. 613x 107, i SBS BetE: U TR A R F AR IR BEHE i T IR MV R

2) FEMIFI I R, AC-20-90" (H) £ & iR P ZE 5 aE 71 L R 15 C I sh SRR T AC-20-
SBS(H) ; AC-20-SBS( H) 7EARIEPT 240 KB e P A 55 A T AC-20-90"(H) , AC-10-SBS(H) 5
AC-20-SBS(H) Lt , S AR AR B, 3R Y s RS B K, AC-20~-SBS (H) ¥ = il bt it B A 1
AC-10-SBS(H) ; AC-10-SBS(H) 7E{IRIRHT 241 KRR A 57 1 i LA T AC-20-SBS(H) ; AC-10-
SBS(H) Y AC-20-SBS(H) 7RI Bl 15 °C Y s AR AT

ZEO R TURIG S5 R, IR FEH X AT AC—-10 LA AC—20 I i I IR A Rk, R0 B M ke
FK B -SBS Bt RS T
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Experimental study on the road performance of high modulus
asphalt mixtures with polyolefin additives

WANG Hao', WEI Jincheng'?, ZHANG Dongxiao®, AN Ping’, DI Enzhou’

1. School of Transportation Engineering , Shandong Jianzhu University, Jinan 250101, China ;
2. Science and Technology Innovation Center, Shandong Transportation Research Institute, Jinan 250102, China;

3. Shandong Transportation Construction Group Co., Lid., Rizhao 276801, China

Abstract:To analyze the application of high modulus asphalt mixtures in cold regions, polyolefin-based high-
modulus agents are separately added to 90" matrix asphalt and Styrene-Butadiene-Styrene ( SBS) modified
asphalt to prepare high modulus modified asphalt mixtures AC-10-SBS ( H), AC-20-90*( H), and AC-20-
SBS(H). The impact of adding high modulus agents on the road performance of asphalt mixtures is analyzed.
The results indicate that; The addition of high modulus agents can effectively enhance the road performance of
AC-20 graded 90" matrix asphalt and SBS modified asphalt mixtures ; the low-temperature performance of high
modulus 90" matrix asphalt mixtures decreases, while the low-temperature performance of high-modulus SBS

modified asphalt mixtures improves and meets regulatory requirements , with optimal values for Hamburg rut
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is established using the finite element software COMSOL to analyze the dynamic mechanical response of the
pavement layer under low temperature conditions and the coupling effects of low temperature and dynamic loads.
The results indicate that under low temperature conditions, the maximum displacement at the top of the
pavement layer reaches 28. 75 mm, with an average principal stress of 0. 79 MPa. Under the coupling effects of
low temperature and dynamic loads, the pavement layer primarily experiences tensile stress, with the tensile
stress in the upper layer being greater than that in the lower layer. The tensile stress in the pavement layer
increases from the center of the load towards the edges, and the maximum displacement of the pavement layer
increases with the increase of the load.
Keywords : concrete bridge ; bridge deck ;temperature-load coupling; mechanical response
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foaming agent are mixed in a certain mass ratio to achieve a flow value of 160-200 mm. Four different numbers
of geogrid reinforcement layers (0, 1, 2, 3 layers) and three wet densities (600, 700, 800 kg/m’) are used.
Square geogrids with a side length of 95 mm and rectangular geogrids measuring 95 mm in width and 395 mm in
length are placed in the test mold. After curing for 28 days, the specimens are demolded, and foam lightweight
soil specimens reinforced with geogrids are prepared. Unconfined compressive strength tests and four-point
bending tests are conducted to analyze the effects of wet density and reinforcement layers on the flexural
performance of foam lightweight soil from the aspects of displacement-load curves, failure modes, displacement-
load characteristics, unconfined compressive strength, and flexural strength. The research findings are as
follows: After loading, the reinforced foam lightweight soil transitions from brittle failure to elastic-plastic
failure, significantly enhancing the flexural performance of the foam lightweight soil by transmitting load to the
interior of the specimen according to the bonding stress mechanism; during the loading process, the foam
lightweight soil primarily bear the load in the early stage, while the geogrid mainly bear the load in the later
stage; the addition of geogrids significantly improves both the unconfined compressive strength and flexural
strength of foam lightweight soil, with the maximum unconfined compressive strength reaching 3. 16 MPa and the
flexural strength increasing by up to 168% ;a predictive equation for unconfined compressive strength based on
wet density and reinforcement layers is established, revealing a good correlation between the ratio of unconfined
compressive strength to flexural strength and wet density.
Keywords : foam lightweight soil ; geogrid; flexural performance; displacement-load curve TG TH)
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depth, dynamic modulus, freeze-thaw strength splitting ratio, and fatigue life. The low-temperature
performance , water stability, and fatigue life of AC-10-SBS(H) are superior to those of AC-20-SBS(H) , while
the high-temperature stability of AC-20-SBS(H) is better than that of AC-10-SBS(H) ; at a temperature of
15 °C and a loading frequency of 10 Hz, the dynamic modulus of AC-20 and AC-10 high modulus modified
asphalt mixtures are similar. It is recommended that in cold regions, AC-10 and AC-20 high modulus asphalt
mixtures adopt a combination of high-modulus agent and SBS modified asphalt.

Keywords ;: SBS modified asphalt; high modulus asphalt mixture; road performance
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