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Abstract

In view of the characteristics of in-situ geothermal recycled asphalt mixture, such as large varia-
bility of gradation and many uncertain factors, based on indoor test, this paper systematically stu-
dies the reasonable amount of recycled agent, mix proportion design method and road perfor-
mance evaluation of in situ geothermal recycled asphalt mixture, so as to improve the mixture ra-
tio design and performance evaluation system of in situ geothermal recycled asphalt mixture. The
research shows that when the content of recycling agent is 8%, the key technical indexes of re-
cycled asphalt can be restored to the original performance; according to the material characteris-
tics of geothermal recycled asphalt mixture, the new aggregate and asphalt premixed and milled
material should be mixed, and the asphalt content of the ready mixed material should be con-
trolled to 2.5% through the leakage index. Based on the Marshall test method, the asphalt con-
sumption of recycled asphalt mixture is determined. Based on the indoor test, it is found that the
in-situ recycled asphalt mixture has good high-temperature performance and water stability, but
its low-temperature crack resistance is poor; relying on the paving of the test road, the Hamburg
rutting test is carried out on the recycled asphalt mixture on site, and the research shows that the
maximum deformation of the mixture after 20,000 times of rolling is less than 7 mm and the
stripping point of the mixture is more than 10,000 times, and the maximum deformation is less
than 7 mm after 20,000 times of rolling and high temperature rutting resistance.
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1. 5|15

BEAE TR EAS @ L R R R, A E AP EE, HHTE SRR RASEEE IR, K
B R YRR NI, BRI ANGEE TR . RSB E A T ML A KRR AR, T
G iR PR, SEZREHN CRIEN LRSS REESME, A p Y B A R
BRI SZ B ARG [N, SEBIBHEE T =57 AR EINE) b, TR 2020 438
V] 2 SO, PR A B A I R T S T ARk I 2R 43 Sl ik 2] 100% 50 98%, (A FH 2643 IS 2] 95%
N 80% LA LT HFR[1] [2] [3]. H AR IH B HATE A HBOR 20 7 At i A . TR, it
ARA ] A TR, AR ARG BRI R, | R IR R TH AR FH 2R AR LI
FHEC T HAR T A 79, Wit AR AR B HE AR R 28 m, TR, JFRCc@Etk, JRA R M
Relf, #U/b. MG SRR I, N ETERE[4] [5] [6].

Xt F IR A RO A B R E A 72 RS B REC BT B RPN A T T
GO THAT TIRANWIT, FEMAG T 2 50 TR 5 B AR 5 R AR A R s v Bt T s 4 [ 7],
WA 1.

Sabahfar. LU &I WIFE. KA . KA@M AR IT 1 B A 70035 8 20 7 AT AR A IR B it
J %o A b R A 7 T VR A R PE RE S [8] [9], ARAF . 7 2 X At b A FE A= 5 7 VR AR BC A e i
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Lt T L 23T 7T FE[10], Bod BRI AT 17 i 3 AP AR 5 AR AE A6 0 7 6 1 22 30 35 7 TR #5117, Hssu
T A R ERR AT 1 AU A AR I TR AR AR S AR [12] UM PR AE AR B T AR e AR e A
Ry AERRZER AL o RIS EI, RS RET m EH S8, m F RS RS R
FEFITERE . XA AR E R AR AR, SR T NI, 8T 1RSI
REEIRFR AR, SR U A A U T R RO IC 15 LB TE ik, b Inons HL i P e o P 00 SR ik
1TV

Table 1. Domestic and foreign specifications for asphalt mixture recycling (Guide)

* 1. BRSNIFERARBERE(ER)

It [h] B x b

1966 [P P TR PR AR R B AR A L
1979 i 5Bk (F 905 75 Tk ot = 73 A R A R BRI
1981 ek T PR P A R T

1981 K W R T AR AR BOR T
1981 R PR I IR L T
1983 [ T R TA P B AEROR F M
1983 HEE R R AR T IR AR
1984 HA B THI PR P AR R I B R TR TS
1994 TR I A VR bt AR
2001 EE EEWT LR

2008 ThE O T A R AR

2. EMBEARIERR
2.1. etk

HUH I A BORBERS SR IHBERUEL 100% A AT, BLeileh R R i & RHE REA 45 = 25 . 180T
SRR B TR B,  JRER I ZRAC N AC-13, X EIPRLEAT S5 01 20U vl 0 B i 1 R T G 2 e
s TRERHRIEC A 1,

Table 2. Screening test of milling material

2. BEEIRES IR

i L (mm) 16 132 9.5 475 2.36 1.18 0.6 0.3 0.15 0.075 PiEgE
HIRHT (%) 100 95.1 78.6 55.9 29.8 223 17.7 11.7 9.3 6.3
LS5 (%) 100 96.4 83.5 62.8 452 36.9 22.6 17.5 13.4 10.7
43
e _F PR 100 100 85 68 50 38 28 20 15 8
e TR 100 90 68 38 24 15 10 7 5 4
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Figure 1. Grading curve of RAP
1. SEBIRRECHZ:

B 2 ArE, BRAVRHIR AT R RS A A B A, TERM TR, (R RIRURIE B
—NEEAK, BRRURLREC AL, X BERIRImER S, AR NSRRI R T 1, TR AR B A AR
HI P 1 AT, R BRI R WA, BT TE R AR BB, Feh 0,075 mm i FLIE 8 T TETEE, A5
SR AAZ M RSN .

2.2. FER

R S B 1 0 7 4 R NAE B R R B & B R, DURIER SR R iR AR € . P AT R N &
Boa, HYBEEARIR R WA 3.

Table 3. Physical index of new aggregate
3. FERMIIRIE AR

o } o L LRI
WA e bR AL R BER WRIET7 V%
10~20 5~10
F AR g/em’ SEPIAE 2.882 2.908
T 0304-2005
R E g/em’ S 2932 2.948
LR s % <15 T 0312-2005 6.13 5.76
JE A % <26 T 0316-2005 12.08
WK 2R % SN T 0304-2005 0.65 0.86
BEREAE % <28 T 0317-2005 9.76

2.3. BIGHE
i BB IHAEAR SR W2 BHYG . EARMRIIER, i SR AEANFREERZZAL, iR AR A
Ato W SCHIL R AE AR B RILRE R RIS H IR, X S AR PR IATRELS, IS BoARFe bR WL 4.

Table 4. Technical index of recycled asphalt
= 4. EUCHBERARIERR

RUUEE=E AN £ NFE(25°C, 100g, 55)/0.1 mm FEFE(5 em/min, 5°C)/ecm AL S (ABRIE)/C i IGHiE(135°C)/pas

R0 2 R 22 6 76 2.366
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2.4. FHE

AR TRl A tp NI E BRI, CAHIR S RRA SRR, CRUE A 675 BR IS A 8
AR E 9 SBS Btk E, ZM (AR TR E KRG RRRB AR (1316005 H 2EAT MR Bk
EhRikE, AR I 5,

Table 5. Technical index of SBS modified asphalt
% 5. SBS MMM B RAIEIR

K151 5 BARTR R oReP

B NE(25C, 55,100 g)/0.1 mm 60~80 71
SEJE(5 cm/min, 5°C, cm) >20 32

A £(C) >55 64.2

A A (135°C, Pas) <3 1.932

JoiE A5 K (%) <£1.0 0.18
%ﬁ%@ﬁi{ﬁﬁfﬁ FNJEELQ25°C, %) >60 79
FEPE(5C, cm) >20 25

3. BEFIEE

WEEWEZRFNIE WS KA, IE W RV RS R S8R, S 800 R R A L.
B E R AER, AFHERHKE B EG KT, o LSS E R AE[14] [15] [16]. BFERH
Wit 2R NI R 2 AR, R T I ML, SUR T I S e, B
AR IR, AT AN R R PR R A Sy, KRBT A TR .

T AR S EB R, W0 GRS 2% 4% 6% 8% 10%IH A, JFr
FHEAT AR AT R, RIGLE R WL 6, WIEH AR B &K 2~5.

Table 6. Technical index of recycled asphalt under different recycled agent content

5 6. REBEASREN TEUH AT

FHAFB R (%) 0 2 4 6 8 10 HORZR
EFABE(25°C, 100 g, 5 5)/0.1 mm 222 33.4 47.7 59.3 64.5 69.2 60~80
FEJ¥ (5 cm/min, 5°C)/cm 6.5 11.4 20.1 26.7 333 37.9 >30
BAL SR ERE)/C 76.5 73.6 69.4 67.7 64.1 62.4 >55
i AN BE(135C)/pas 2.366 2312 2.209 2.135 2.008 1.965 <3

HINERT R, BEREFISE AN, B E RN IR AR HE N, P R FORS
Ty, BRI AE RS R 3 A PERE BT IR, i AERB R AT 8%, Wia (ABIE
BT THEARTTED (1710 R BORTE AR ER, [R5 J8 TREA PR 4R br, 5 LAl R A A 515 2Ok
8%
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Figure 2. Variation law of penetration of recycled asphalt

2. EMCHRE S AE L AR
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Figure 3. Variation of ductility of recycled asphalt
3. EWCHEEEE AR
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Figure 4. Variation of softening point of recycled asphalt

4. EMCHB R R AR

DOI: 10.12677/hjce.2020.910113 1091 AR


https://doi.org/10.12677/hjce.2020.910113

WIE %

A K (Pa-s)
-~ = p»
(=] W (=) W

<
h

0.0

0 2 4 6 8 10
BAEFIBE (%)

Figure 5. Variation of Brinell viscosity of recycled asphalt

5. EIGHS fr Ok T 2
4. FibHBEREANEAEIEIT
4.1. HECET

AR AR 35 R 22 3247 Zo g O EL RIS E L, SRR A 2 BRI L (R 45, (2 PR
BHEMME R IIMAE R RGFERL, WA AR SRR, B oRiRaRHE I EERE ), BeERE
BHERE . AR AR QPRS2 2R BN 15% KB ER(H 10~15 mm. 5~10 mm. § B4 BT IR &8
BV, BE A G RIS 7 i, R Z LA 6.

4.2. FaER

R U A A T R SRR, AT At DO AR S A IR GOk it 2R
M IRE RPN, SRR SHE AT RATHEE, A5 H SR, BRI I T RS
BHTIR AR . THEERS BT AR INAGREE N 185°C~190°C, SEl B R BT HEAR S N 4L, &5 n
NI FEEI5], B GBI 21BEERLE T 170°C~180°C LA AR IR . AR TSI L 2.5% 4]
SEMT I, UL 0.3% IR LN & sh i i R AT sl s, s g Rl 7 pos.

MG (ARG BRI TEORBTE) 2R, HFRARWIRAERT 0.1, R &7 /%, 4HE
N 2.5%00, IRERITIRAR L A, H R TR RS F N 2.5%

Table 7. AC-13 design grading
7. AC-13 IR D

#iFL.(mm) B 16 13.2 9.5 4.75 236 1.18 0.6 0.3 0.15 0.075
BRI 15 99.7 81.0 45.6 6.1 4.1 4.1 4.1 4.1 3.9 32
RAP R4 i 85 100 96.4 83.5 62.8 452 36.9 22.6 17.5 13.4 10.7

A L - 100 94.1 77.8 54.3 39.0 32.0 19.8 155 12 9.6

HC F R - 100 100 85 68 50 38 28 20 15 8

LI TR - 100 90 68 38 24 15 10 7 5 4
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Figure 6. AC-13 design grading curve
6. AC-13 it REC %L
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Figure 7. Drainage test of ready mixed materials

7. FERTRA

43. REHERE

FH A A TR A R E N R BN BB, TR AR R B AR S F AR R IR, BT AT
FURR AT BB AR I & 8%, il HE 45 2 8 AR I & 1) 10%, FEE BN 150°C~155°C,
FERIBT RN 90 s, FEE5E UG RICEL 2 min, S84 (R I T EBON PR R 22 3E & 90s, B Ja I HT
T HRERHFERI ST NI L 0.6% AT S L &, BL 0.3% A IRRE LT & sh P i H
S S HURAE, RN AR R AR w2 8 Frow, #iE s E & LK 8.

T G ORI DL H B82S BTN 0T &8 OAC,, L& THEAR SR & HORZLR 1) &=
Rl HR BN OAC, B 8 Sl - # I 5 VR A B NS I i &N 0.6%.

5. MitABERSH AT
T B T A 25 ST PO 0 AR B O TR AR B BERIB A REEAT RATFROE A R 183050
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xR IR A RHEAT e . RIE/NR S fhlie . URERES 2R . IR K S BRI AT DR 1 LAYF
WA A RS R R E N RIRDURIEREAKAR E M.

Table 8. Volume index of mixture

I 8. RARMARRIERR

Wits (%) B (g/om®) 2 R (%) B RHE B 2(%) HIAFE (%) T8 £ (KN) i AE (mm)

0.0 2.399 6.4 15.1 57.4 12.8 2.6
0.3 2.428 52 15.3 66.1 13.8 3.1
0.6 2.445 43 15.0 71.0 14.1 3.7
0.9 2.456 3.8 15.1 74.8 13.2 4.1
1.2 2.462 3.4 15.2 77.8 12.6 49
14.5 7.0
140 } : -0.3143x>+1.7857x+11.41
é 13.5
b
{4 13.0
g
S 12.5
e
=
12.0
11.5 : . . . : ) ,
0.0 0.3 0.6 0.9 1.2 0.0 0.3 0.6 0.9 1.2 1.5
WiEAR (%) W& (%)
(@) (b)

Figure 8. Determination of optimum asphalt content. (a) Asphalt content of OACy; (b) Asphalt content of OAC,
8. FiRHRIRIE. (a) OAC,IHERE; (b) OAGC, HiEAE

5.1. SIBREEM

ZE R B 3 AR S R B B AT A BRI AT RE IS R IR A R R AR S T AT AR, W R
YIRS E R, WIAE 60°C £1°C, 0.7+0.05 MPa 1544 R0 mt B A B iR & ki
THERRE, RBERWNE 9 frn, BEREREBLLE 9. MTAFZHIRSESIEEE RS TG
B, BEA R EREEE.

Table 9. Mixture rutting test

® 9. RANERIKE

45 min &K (mm) 60 min F¥(mm)  BhFaESE K /mm) 5 R P (VR/mm)
1 1.56 1.68 5250.0
2 1.50 1.62 5625.0 9.12 5419.9
3 1.97 2.09 5384.6
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Figure 9. Curve chart of mixture rutting test

9. RARZERIAILE

5.2. KB EMY

IK AL S BON T I AR F I EE R, K KRA SRS SRR, S8R
BHS T R AERI B, I I8 AR BRI T8 35 1 R A, DRI R 2% R IR /K AR E V2 DRAE I 7 TR SRR 8 R
oy i P PERE M B VAN SR bR 70 3l X it b 2 A 0 7 VR Rh R AT U R B 2R B AR 7 B 7R 1 A VA7
RERHKAIEENE, WIGHIR I 10.

Table 10. Water stability test of mixture
= 10. RARKREMRE

R R A BRIK D BRI
MEME Rmmoram  AmOTREY RESREE RKBRE KRR e 5o
5 (MPa) (MPa) k(%) J% (MPa) (MPa)
1 1.65 1.36 1.71 1.53
2 1.56 1.27 1.68 1.49
3 1.75 1.38 81.3 160 1.39 89.2
4 1.69 1.41 1.65 1.51
FHME 1.66 1.35 1.66 1.48
T (E - >75 - >80

WETER B, AU A AR 75 VR A R KRR E TR S AR S AR TR & R 7, RERS BT AOSRPUK B
DRAEIH T B T A R 1A P
5.3. {RiBf S IERE

IEIRARHE N R Bk, EURAE T 2R AP, AR 2] @ R AR GE R E
SRR 2P AR E R Sy, 2R R R TR SU R0 o B I I 27 AR 5%, SE i BRI . 18
SCIE LS A AR AE—10°C BRI BT X /N HEAT B G N, T PR IR S R R IR ST R R RE
IR R 11 R, IBARMEIRAIR W= 10 Fos . BF 503 Bt 2 AR 0 75 VR A R MG T M e
%, (EFTEKGILX 5 KRR 29 .
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Table 11. Low temperature test of mixture

= 11 RARMRIEIRE

A5 RB i % $iz 58 (MPa) IR N AR (pe) SB %5 i #)) FE 1% & (MPa)
1 7.562 2456.11 3079.01
2 7.072 2112.71 3347.33
3 7.284 2421.77 3007.58
4 6.687 2224.53 3006.18
5 7.055 2523.52 2795.61
6 7.089 2479.37 2859.22
FHME 7.125 2369.67 3015.82
T ER - >2500
PhEfosseweaanamsiaisss=es =

S ZIN LN

i8R (N)

d; H®E (mm) dy
Figure 10. Low temperature bending test of mixture
10. RARMRIRZHIRIE
5.4. KAFEEM
DRI B AT PPN TR SR K U A BT 2 O B8 JnT U5, B2 SR PN I 75
TR S R i F PR AR . DU e A O IR i T S0 T VR S R I RO T A AR T it 42 R ARpALE W) DA L2
SEMTH R A RHRKAR E AT R e, 56 [ B2 h 2 M A0 B R A BRI KT 10,000 R A
BUKREIERZE, BRI 20,000 (5 KA TE KT 10 mm R & RFE 5 7 A2 4R 500
WO TR B AR T, A2 IR R BB IO AT DU R R0ae, DAY Bl s A B 2R U 7 TR
BRI R E E A iRk Re, IR RINE 12 PR, AR ERhZ LK 11, e
i JE iR b I 12

Table 12. Rutting test of mixture Hamburg
12, RARINEEHAL

n " TR TR, : A&, .
pie e I 10000 YRA5 & i & 20000 YA & g P
mm mm
1# 452 4.14496 6.2484 16,666
AC-13
24 471 3.36709 5.1387 13,333
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Figure 11. Curve chart of mixture Hamburg rutting test
11. R ERIXEE R0 h ik E

(b)

Figure 12. Comparison of Hamburg rutting test before and after. (a) Hamburg rut specimen before test; (b) Hamburg rutting
specimen after test

12. XREFHXEBIEIEE. (2) REFNBERRM; b)) REENEBERAME

WHTERE, BRI RIVE 23 5 KT 10000 4k, HIRBERHRAZTZE/NT 10mm, R Y]t
FHRARHRA RIFRKARE EMSTERERE, BEOSRLLF MM 2 I 75 B 1 A PR REZEK

6. &Eit

1) ERYHE = RIEARRI PN SEE . B ) AT FORE BRI 20 47 17 7342 75145 o0 Rl WO 75 152
RIGERIFEEE, BFFC R M AT B BN 8%, I T RO iy 20K B B0 75 )5 A MG

2) FRARE A A T VR A AR, SR VR AR N S B R TR G S AR R A RS I T
3, B EHNRA BHNTIRIE bR TR S B RN 2.5%, BT 5 8OR I E F AR S R AR
BIHFEHERN 0.6%.

3) BT MR KRR LS . RS 2L BAK SRR AR, s A
DI RA R EA R s AR R e I, (AR PR, W PEIKRHLIX 5 K A (RIR T2
.
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4) WABIRIE I O AH AT, I8 DR ZE IO X I B R I KA e MIPT R e AT B0 AR, At I T

EVR AR RITE AR T 10,000 ¥R, HBREIE 20,000 Y5 IR E/NT 10 mm, RHHHMHAEAEDHRES

BHEA R /KA E VEA SR L4 R RE -

&E 3k

0P, ZEHE, SECMR. Il At Hh A AR IR A R EC A LT S5 R P PR AR AL (], BRI S e AL,
2015, 32(10): 67-69+73.

SkiR, e, FF. HHAAEAE R A RIS LRI A]. AR, 2015, 29(4): 25-28.

W, JTRH. BEHb AT AR AR & LA BT[], 220 Tk 22 B 2Rk, 2019, 26(4): 40-46.
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