Hans Journal of Civil Engineering AR T#Z, 2019, 8(3), 576-586 Hans X
Published Online May 2019 in Hans. http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2019.83068

Properties of Asphalt Mixture Based on
Composite Modification of Rubber Powder
and Polyethylene

Hongyin Li*, Hailong Jiang, Wenwu Zhang, Peng Liu, Shanshan Wang, Fei Wang

Qilu Transportation Development Group Co., Ltd., Jinan Shandong
Email: "qljtthy@163.com

Received: Apr. 22™, 2019; accepted: May 7", 2019; published: May 14", 2019

Abstract

To improve the poor anti-rutting performance of traditional asphalt mixtures, this research con-
ducted integrated modification by using scrap tire rubber powder (CR) and recycled polyethylene
(PE) as additives, with the aim of improving the performance of asphalt mixture at both high and
low temperatures, so as to solve the thermal cracking of asphalt mixture at low temperatures.
Through preliminary experiment with two groups of composite, modified asphalt proportion of
asphalt mixture was prepared, and its high temperature rutting resistance, water stability and low
temperature crack resistance were tested and compared with SBS modified asphalt mixture. The
results show that the high temperature performance of composite modified asphalt mixture
achieves the level of traditional anti-rutting asphalt mixture, but its low temperature performance
is significantly superior to the traditional anti-rutting asphalt mixture, and even close to the level
of the SBS modified asphalt mixture. Therefore, the composite modification of asphalt mixture by
CR and PE can give consideration to the low temperature performance while improving its high
temperature performance.
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1. 5|8

IR E R AR WRITEH . HUZIER ) EZHIM R B RS 7 45 S R €t
PEE TR RS AR . FEIE RS RGO RE R, W0 BRI ERRZ H IR B, 2R RKSEERRR
MfER, RIStz 200w A IME R AR, RN 00 T LB PR RE M RASCIRS #3225 . AT
T ORI 75 TR 15k ) P R A8 FR O 2 0 55 PR OB S A A P RE 4 RE ORAIE B T ST £ i R A O 456 IR
& B, SR E R TERE— B E WA T E A1) 2] [3]. FHUE SR AT
TR —, WA R ) T B AR A R ST RO Sl B IR SR, I TR0 A2
AR IR AR R, TSR 7 TR SR e A B T IR A RE T, R BURE G RO
Mk W TIHERGREIREREIIBT L, EA A DA TR TE. RSB SIS RE
IMFLERGHRIIE R AR R . KA ENE . SRR TERE SR A EREREAT I R G S EUXT, A5 AR
T B I = TP INSUEROT BA — LB (4] [5]. mERRBTFURIL, o] LUE R & R
PR HUAHGHIA PCF Ht 45 A 77 Qo Hem AR 8 ME SRR T 2R . (HARAMEE T, IR E 1,
TR R KRR E PR R s e LN 6] 2RI, SUAERGIE N — BBV R TR BARBESE =i
JRAEH R, (ER TP BRI T AR R SR o 2 2R e B B AT B E TR, RARE
TRERIN RN A3 A B BOR I, EE eI = BN R, W5 BRGNP 4. ik, ##E
SR E G RN R AR RIR T RS, 18 3 5] el (IR IRE RE A H A

ASCIEIUR |F B R (CROMER TH 2R ZIG (PEME AN, s R e BT &8t HI2AE
PR R & R R DT MOERE R R, 3R HARIR R, AN B5GE TR A BMIR IR 3R el . 31
AT A T 4 EoRbale,  #0E 1 TR INRIRIL B R . BT TE RS RIEC & thicih, e 7 =S
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O T VR AR R . X B A SR R A B A IR YRR DL SR AR e M B EAT T, JF
55 SBS th i H R A RHIAT TR AL 7] [8].

2. RBEH R FEC & LR
2.1. KRR

2.1.1. T

A5 358 FH L Z5 A3 30 B R PR A B3R AL 70438 iR 3 T 5 & MR 9T, [N R —F SBS
TEN 5%M) SBS I H 5E A SETI IR A BT X LA T . KA A B TR LR A R
FFE(TG E20-2011)X6F R 75 136 AP ER 48 bn 04T TAGIN, S5 L3 1.

Table 1. Basic properties of two kinds of asphalt
F 1. AMIAEREAREEE

Eizp T4 SBS Btk I AR
BALA(C) 46 61.5 T0606
£ NFE(25C, 0.1 mm) 68 54 T0604
15°C %iE [ (cm) >100 >100 T0605

2.1.2. &8

AW TR FH AR L ARG SCHA R AR 7= A BCE Sk 3595 9 =4%(10 mm~20 mm. 5 mm~10 mm
A0 mm~5 mm). K (AR TRENE &LHHIRGEHREMEY (TG E20-2011)FHICE K AR ) A
PIERFEAR AT T RTINS A H LA 2.

Table 2. Basic properties of two kinds of asphalt
F 2. MMIAEREARIEEE

Ei=2an JoL At FAR LR R

FERAE, % 19.3 <28 T0316

WIZTUEBFEE, % 15.4 <30 T0317
4.75 mm~9.5 mm 15.7 <20

EF ORI A 2, % T0312
>9.5 mm 7.3 <15

5157 BRI PE SR 4 >4 T0616

RIS R, % 1.7 <5 T0320

2.1.3. @OFaRm

A FER B IR B AR (CROM B A 3R 406 (PE) . 3 T AR 927, B iR IH
PR AT R0 WS BIRR R Ay, R AR CHAE i AT 78 70 WS A ZREAR 9 0.4 mm~0.8 mm AR
Bro FRARCIHIEMEOR B TR IR RS W R, 5 IH R R e AT i e A T, Fd i
BUBFFGF LI HF SR FE, #3248 3.0 mm~4.0 mm ¥ 72E PE B0k PFRAs IR 00 4 W
FH 1.

DOI: 10.12677/hjce.2019.83068 578 T ARTHE


https://doi.org/10.12677/hjce.2019.83068

ZFULE 5%

Figure 1. Morphology of two additives (a), waste rubber powder and (b) regenerated PE particles
E 1. mMARMmARRSR @RI, (b)B%E PE Hk

2.2. BEIHESIE

TER % S A SN T IRA BN AT, 1 el B AR 5 0 T S R e i i, B R N
T KGEFIEMAE] 160°CEH B AR, P — O AR I C LT, R T
RIGHEFT, BN 145 RIEBCNAN T JE 55 R 1 11%81 15% [9] [10]. IIABKS LAJS Jaxd i 5 247 14
R, FREAVIS BRI SO A IION 160°C A BT 1 AN, B, XTI - BORR
BWIAE 5000 /50 FE T mis B ) 1 /e, fSEIRIRITE .

2.3. FECET

2.3.1. FKfciit

AHIE T AR R AR BC R A AC-20 Y. & R TR AH DCHUAE 5 RSk AT . SR S 8K
IR AC G LE BT R R RO T Ik, SRR AT AR R E, DA ORI RS
FHIRFRE 5 2K .

HECVAH RIS (A BIHE B TEARMIE) (TG F40-2004)3H17, fEERFFHNLEN, & %R
HHLL L =R = NRREACAC & L Z 3, s SR 05 2SR 15 H = AN (1 2 i 26 14
Wik 2 fios.

Table 3. Mix composition

%< 3. BL&thLARY

LT kA 10 mm~20 mm AR 5 mm~10 mm KA 0 mm~5 mm Wk
R 1 45 21 31 3
R 2 45 18 34 3
2 3 45 15 37 3

L 7
— R /
8 — i LI
o ) /
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Figure 2. Gradation diagram
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R RHBX PLAE AC-20 FIFE & LL &S, HIEEIiEHE 4.1%. =M & RFm R A 4.1%H0
it H R, 0.3%PT RGN & AR, A I 20 45 B A 10 SRR R EL A 147 15 75 VR A 8 ) S BOR
PRI, AP G R EC I S &R RIS AAR TR bR W15 4 FTR .

Table 4. Volume indexes of three synthetic gradations
= 4. ZME BRI ETRIEIRE

AL AR 1 A R 2 A MREL 3 PSR 3
TEHE, % 4.1 /
WA, g/em’ 2.405 2419 2.442 Sl
BRAKERHE, g/om’ 2.523 2.530 2.536 Sl
TR AV, % 5.0 44 3.1 3~6
W RHAIBZE VMA, % 14.2 13.6 12.9 >13.5
W WAL VFA, % 63.7 67.9 73.8 65~75
FaEE, KN 11.65 12.6 10.32 >8
JfE, mm 2.5 33 3.7 1.5~4

R CA BRI BRI i T H AR ITE )Y (JTG F40-2004), 45 & S2ub %085 vl DL, 20 19 AV, VMA.
VFA VLR RS B (B2 e VO ER, HE B v oK, DRI R D 2 /B AT 4)EE

23.2. REHERAEME

ARAE DI IRAC 2 1SRRG B AT I 5 TR A B S JUR RS, PRk iz & L AR 5 &
FEXT AR 2K TR SR TIRUE RS, AR E R 3.1%. 3.6%. 4.1%- 4.6%. 5.1% AN
HHEIHTSIORAE, SWHEHEF THDHURIRESE R NE 5. RKIE QBT s T AN
76)  (JTG F40-2004), R4 SCIGEHE T HARAENHTHERN 4.11%, S 4.1%.

Table 5. Summary of AC-20 Marshall test results
= 5. AC-20 BHEURIRIEERICE

PE A= 3.1 3.6 4.1 4.6 5.1 FORBER
HRKHEIR 2.568 2.549 2.530 2,511 2.493 /
THE, % 6.3 5.3 4.4 3.4 2.5 3~6
TRHARE R, % 13.23 13.50 13.62 13.81 14.11 >13.5%
MR, % 52.1 60.3 67.9 75.7 82.4 65~75
FaERE, kN 10.1 11.9 12.6 12.6 11.5 >8.0
i fE (mm) 22 2.8 33 3.7 4.1 1.5~4

3. IERAEMAESERS D

PRI D EUR RIS HEE R R, e AUl ERE RN RETEHEN 4.1%.
AR A RNRIR 45 R, AR SCER RN E A SO ATV R A Rk %, S EE A DN 1%
W (SEFMERERL) +0.25% PE (5IRARFEL), BN 15%KH +0.3% PE. JT4MILTHE R AR DL
IR R 1) % 5 AR i I 75 VR SR ) & R A AR R, AN R 2 AL R AEVIF I HTSE I FI2E PE I 5
PAERITFE 15 B AR BL DL, B e IR A R S 8RR RS RR e E, SRR AR R
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IR A RE V5 8 I P07 VR R BR R B A A AT R B 25 P2 B, SRATAN I 7 TR B R AR AR AR S 15
R A ﬂ%%ﬁhﬁ@@ BHORIRSTRNERE . RN, KA SRR AR 5@ 5 R Gk
AN SBS Stk # IR A R PR REREAT 1 EE AT

3.1. SEREEM
3.1.1. BERIBEE

KRS8 BE DO W i VR A R BOR R FERAT T IR, SEEHRE S IR (A B TR 2 i R A EHA
OHAE)  (T0709-2011)1AT o 1RI0 AT, 720K LR E TR 60 CHa /K T /i 30~40
arEP, RIS BRI SN K I R AT O o R0 AR AR N BOE B HI7E 50 mm/min + 5
mm/min, SEEGREE 7 B KA (B IR i 5 TR ARk iR AR e M PPN Fe AR . IR I8EE T 3 B

2 1652 4744

L 14.22
11.85 I I
0 J
o

Figure 3. Stability of multiphase composite modified asphalt mixture

E 3. ZEEAUMIERANNRER

OERBRERE (kN)
® o o

I

M3 FTEUE I8 R SR B BUR R E B, N 11.85 kN SBS M B IR & BHIY D
BURRE B RBIE R B R, AF T 14.22 kN. X FREASME TR SR, HDEURRE BT &
FEW IR SR SBS IR A KL, B3] T 16.52kN F1 17.44 kN, Hh B B E S HF RSN D
BURFa e B i o X T I Ik 5 A et BT DA 3 1 G U T TR A R R R e

3.1.2. BEEE

N T VP A S R A R R R E M, AW R ERGE IR, YR A RE R
(60°C) A T 7RZ I SR HEAE FIIRE 77, I8 I R AE SR R TR AR TR A FH I B (Bh A e FE)VE VAR U 75 TR
G R R AT BFRAR[11] [12]. B4, i Fe 0k s A £ RS 300 mm x 300 mm x 50 mm (1355 1R
GRMR, FREER A T AT 48 /AN FR4E . RIS Z AT, K IR SRR\ A6 1E 60°C 2644 T IRIE 6
NI, PRAEIR B A3 ) . DRIETE IR 2R N 60°C, &?%@Eﬁﬁﬁfo7Mm,ﬁ%?ﬁiﬁ%ﬁ
230 mm £ 10 mm, FHEEEN 42 W/ 0. REERET, RAMBALBRSE IR EREE &, hfaefE
DS)IHHEAXA:
N(t,—t)
dz_dl

DS =

(1)

A N ARG AREE, BN 42 W/min; div dy 57 B NIAE] ¢ (45 min). £ (60 min) {22 FE & (mm);

Kl 4 2R TARWFIRA BHERCTRIEH N EROREERIR RIS OL, 7T LAE 5 5 TR G R R 30R
FER R, RIGLE RN, HiK A ESEIT 4.5 mm. SBS St IR & RHK 250Kk L R h 75 B St
NG, HRHARIKALEEWILR] T 2 mm. M THEESENHRGE, KRR R AR
GRS, RATNERIRESR/DNT 1.5 mm.
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Figure 4. Rut displacement curves of different asphalt mixtures
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Figure 5. Dynamic stability of different asphalt mixtures
E 5. TRIFERARMNERERE

3.2. kiREM

3.2.1. BREBREE
B BA R FE IR K B /i /R Ao BEREG A, a8 IR /K B BROR AR e RV I 5 TR A BHIR T
IKIAFHIRE ST o BIK G JOR 258 755 br e Dy BOUR SEAS TR R A R, o i 2 3 AR R 2 A HE TR
K BRUR SEIG AR 75 AR LA A B 2 R A PR KR AR, 48 /N B KB E R S I R AR
HURTE FERARAL, DR B AR BEAE VPN AR bR, 70 B 6 S IR & BHUKIH 1R 7. il 1
IR BE R 5 B (MSo)#% X 2 i+,
M&:Mgﬂ )
MS

At MS. MS, 23 BINRAEE K 35 min AR IK 48 h G S &8URFEaEE
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6 Tos 1A IR A RER B R BE IR 4 2R, mT DATE H YA R & e 75 T 6 R L R B

B E B B B 1 92.3 M1 92.7, i TRFUMT 91.1 BI/KF. HEIRFRBAaE BEA5 RIR KT SBS Btk

AR, (HRoadrw . WHBRE T RSB, S& 0w IR &R 2K E I PR

IEE ) TSR B AU GORHFIR K AR B FesE BEAL A ARG RHIE S 0.4, U] B BUR G RHIZK AR E P RE
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Figure 6. Residual stability of immersed water

& 6. RKZEREEE

BREREE (%)

3.2.2. FrRESEURIS
T B R 0 5 U T TR A RHA R KR B R JE B R RL R (AR Ak, T AN RIS IR AR
KIAEMIRE ST AT RHRABUE I KB F IR, ks D 8RR AT B MK, SRS K K S R 1R
BT I N-18°CHIUKAR AR 18 /N, PR AR Ja BB I 37 BRI T 60°C BRI /K i Al v AR
24 /B o RIS TFF AR, W42 3 R BT I R A DA R AR 8 VR R A 10l TR B S L 1 25 °C g e /KR R AR
B2 /N o BUH R DUG SEEDXHR AR LA 50 mm/min (R AT RARE, 13315 BTk BT
PR FE (R IE ARG FATHHE
R, =0.00687P,, /h (3)

s P RARPFHIERCRGTBALWNV); 2 S ORI (mm)
AR AT A 115 0 7 TR ARk B 440 hy 5 B2 LU (TSR)FE Judabs, VR AN RN 5 VR A BHTK 3 5 1 B
HitE AKX 4

RT,

TSR = %100 4

1

A: RTy, RT 53 AR BEAT R RGP AN 2 52 VR AP A 1 BS R B 3 B (M Pa) .

B 7 BoR TS R A RHERZRREIAE AN MBS TR0 T, %48 b5 T DU D 5 VR A 852
PN FAE R IR PUT R AE 7.tz AT LU 2 B 75 1R B 2R o E eIk, 04 0.524 MPa, T SBS
BRI R A R B R TR R B R =, TA BT 0.98 MPa. X TS S IR G R, HARAE
TR AR, A MESUEE R AR R RV AT B &, Bk R CR M PE NBE
AT IR G RO PURTERE. B RUR R B RGTH R ATE R T SBS Bkl R & kKT
e B T HARPUT R BE

M 8 T LAFE P A A2 AR o P 1 R B 2R i B2 LR S W TR B B BOR SR T, B I VR
FRALE S SBS I H IR AR, A RPIFH RS RIS T SBS Stk iR &k, (HESLFHE RS
BT BCREI5ETT . Uil R CR A1 PE A5 5 W] DUSR il 75 VR e B i 26 1F T PUKIR F IR 7T, iR
HRHAKFRE M HEIE SBS SO TR AR K- o

DOI: 10.12677/hjce.2019.83068 583 T ARTHE


https://doi.org/10.12677/hjce.2019.83068

ZFULED 5%

-
N
1

0.98 0.917

0.771
| 0.524 I I
0 J
=il SBS A B
Figure 7. Splitting tensile strength of different asphalt mixtures
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Figure 8. Freeze-thaw splitting tensile strength ratios of different mixtures

[ 8. FEIFKELE ARIAREBS RINKIRELL

3.3. [RIREHRALE

AW FUR ] = i N AR IS A [F5 R A R RIR TR R BEAT 1 P-4 Rl b B, &
el Fe AR A 2% R SE 2 300 mm x 300 mm x 50 mm FIY VR AR S8 EKE AR D) E SR ST A
250 mm x 30 mm x 35 mm I HIREEET IR . fEIRITTA R0, K O)FIEF A E T —10°C I8
BEEFERR 1.5 /MBS, CRUEE N SRR B394 . AR5, B ORI IR AF i B T B8 15 2 200 mm (13058
G2 F, FRERAE RS i A B DO A 50 mm/min JEINSTIERT B[ 13 [FIF, A 0 R )-8 AR ith A b
HBLR IR, IR KB BN AR () (PRI R A RHMRIR PR BE R fa AR, TR R st 5.

g = 6xhxd
L2

Rofte b MBS A B (o) L ORI BE R (mm): d RS T R B 52 (mm)

K9 SR TR IR AR BN S RN AS, T UUE Y SBS Bkl v R & BH oK BN A A EE T
HIEPERGEHRE R S, A2 T 3685 pm, EEWHRAEMN 2015 pm. i B IE I ek AT B TR
AECR RSB — RN SEE . (HRXT A BOREGR, HAURMERR & AR, SECH CR
BEAN TR & HE RS EHHCETURYERE . B 2RSSR B RS RN ASE R 7 3046 pm, B ST
WPHFIR AR, CEHEL SBS It H R A EH/KF . wiEE WA EE, TUaAdtsE S
SR E IR A BRI RE, B BUECEL B RAR T A BURCEE .

(6))
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Figure 9. Bending failure strain of different types of mixtures
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AW R A0 . R A% R 0 RO IR 25 00 4 AN [RGB 1 A JROkn N i A 2R 2 M 46 O B
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HIRAEA 7 BERE. WHTLUEN CR 5§ PE B4 5ttEr 7 IR S I IR & BHOPUK B E A

3)ww%ﬁﬁfﬁ,EA&ﬁWEEQMMmﬁ%th%mEﬁ %h%%;ﬁlsmBiMm
RIS H NAT R & T A BNRSR, I B3I SBS St R SRR . 3 BTE & 2442 5 CR 45
&, nLUARISCEDE RS RMRR IR RN B W,

4) B E A SRR, BT RASEILLE R VR A B E R PTE RE RE R RN, MR TR ERE, X
TR IR AR IRy B B .
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