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Abstract

In order to solve the problems of stacking land occupation and environmental pollution caused by
low utilization rate of red mud, and reduce the consumption of non renewable mineral resources,
red mud powder is used as filler instead of limestone powder in asphalt mixture in this study,
which can only realize the effective utilization of red mud, but also reduce the consumption of non
renewable mineral resources. In the previous study, asphalt mortar using physical modified red
mud instead of mineral powder has been prepared and its rheological properties and water sta-
bility have been evaluated. However, the influence of red mud on the road performance of asphalt
mixture is not clear. In this study, physical modified red mud was used to replace mineral powder
filler to prepare asphalt mixture, and the influence of red mud on the road performance of asphalt
mortar was studied. In this study, immersion Marshall test, Hamburg rutting test and SPT test are
used to evaluate the water stability, anti rutting performance and dynamic mechanical response of
red mud asphalt mixture. The test results show that limestone powder, hydrated lime and cement
have similar oxide composition, which indicates that cement and hydrated lime may improve the
bonding performance between red mud and asphalt; adding hydrated lime and cement into red
mud can improve the water stability of red mud asphalt mixture; replacing mineral powder with
red mud can improve the high temperature anti rutting performance of asphalt mixture, while
adding hydrated lime into red mud it can further improve its high temperature performance.
Adding a small amount of hydrated lime or cement into red mud can make the dynamic modulus
reach the level of ordinary asphalt mixture. The test results show that the physical modified red
mud can improve the road performance of asphalt mixture.
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77Je(Red mud or Bauxite residue)/Zmsid a3 4R L1 B A AL AR G HEBCAAS A PE AR b R 724,
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EHY OB HEHBEL SN ERSE SRR 5%, FIEEREAERE RS, RESE AR E R
- R B MPESEAE A, RIE RSB T AT SR BB R . BRI, BRI TERERRE A
BN EAREE, T AR E IR AR 6 T2, 4 B B AU A5 A DR ) S B ] At o

FESEHT I FE i e il g 17 A A A B S AR e B AR R 030 75 e 3 PR A 1 L A2 1 R AR R
Yo (HAZ, FRJENIHHE RGN APERE IR M ATE 2 . AT FUE IR W B ek AR e 25 A0k k) )
TR AR T ARYE XTI 75 M % FH 2 R R i A 2]

2. B
2.1 EEET

AT FE R T & R R A R IE B AC20, FTHSERI ST M AA KA, PP REZEFER. %
e WL 1. 3£ 2.

Table 1. Basic performance index of aggregate

1 SENERMEER

MR H 4i4EH 0~3 mm FHEERL 3~5 mm FHERL 5~10 mm FHAER 10~20 mm
T AT 5 2.697 2.714 2732 2.718
RTINS % - 2.630 2.675 2.689
BARFAH X 5 - 2581 2.642 2.672
K 2% 0.82 1.895 1.248 0.637

Table 2. Basic performance index of mineral powder

2. WRAIEKIEREIEAR

WATH BARE R GRS
FIEE (g/lem?®) >2.5 2.775
<0.6 mm 100 100
L 3 FE % <0.15 mm 90~100 96.7
<0.075 mm 75~100 79.3
SN Te L4t e P/EipRZTRER

2.2. ihE

ASCRIE T BT ) AH-70 Y575 (Virgin) B 450 TE B8 A4 KA 7] S 44

3 F7R.

Table 3. Basic performance index of base asphalt
= 3. BRMEEARMEREER

» Wi AN BEFR RIS R 0k

KT H MERAE S XA
ENBE@257C) 68.3 0.1mm
FEE(10°C) 40.1 cm
HELE(15C) >150 cm
L/ ¢ 8= 48.2 C
135°CHERE 0.450 Pa-s
P (15C) 1.035 glem®
TR 99.6 %
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2.3. IR

ARSI T UG G5V AR P HEAT W IT . BediiZm ek B Tl R Sk it A IR AR, Be45iE e ks
. PHELCFEHZRRIEAR, JFHA S B E, BAA @B ERTE. &4 50W 7 iR AGeaik ke ikt
P/ LN AR

Table 4. Basic index of filler

4. EBHEKIERR

Ei=p s Rk R R
AR B 2.775 2.553
PH { 8.2 9.9
e R (m?g) 9.988 35.419
FLER AR (cclg) 0.017 0.097

2.4. HIEREIEA S

N TR FE IR BB IERE, AT AL A K BERR s /K YA A R e #EAT 2
GG

2.4.1. JHAK

AHIE T A AE P R0 A K e b R B R RS AL T PR A F R AE, A K — R I SR SRR
W, BTN RN, BN A KA CCE T SR IE R R B, WA AE A R R
IR TR S RHOTERE, BI04 K R AR KRS e MR R R I B I G 3]

2.4.2. #ERELKE
AR FHE A IKYE, FEH CaO M SiO 4Lk, &H MgO. SOz Fe,05 2544 /i, AR 518
FHIT, XU E A W] RECE AR e ST ROk 45 M RE

2.5. ERMLEFLEBRR S

25 I T AR OB S PR ER AR A RS o A AR R R A 2K B AR A AL
WAk, Hodb CaO b ESM(A K AT YR L 88.65%, THATK i 90.67%). ULk, IXFFHTENES SO,
A MgO BFl Ry, S RAE 2%~4.5% (8] (HEE UAFMEAEE, EAKAT PR L. CaCOs
FITEAAFAE, 1EHAKF LA Ca(OH), KITEAAEE. fEAREH, CaO &iEfim, FLKJE SiO, fl Fe,05, X
SRR TR 80% LA . (EFEREMZ, ARVEHI NaO & Wi m T3 =Fidpkl, S0
FERL R . SRS B 2 e T S SRR S, 28 T S A AR DG I TR A R 1 R 4]

Table 5. Oxide composition (wt%) of four fillers

52 5. DB A S L LR AR (Wt%)

R B (W)
A -~ s I "
Wk PREEVEIR TERR Eh KR MEREP/R
AlLO; 1.84 8.03 5.20 2.20
Ca0 88.65 44.64 63.00 90.67
CeO, - 0.08 0.06
cl 0.04 0.09 0.03 0.01
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Cr,04 - 0.07 0.02

CuO 0.02 0.01 0.01
Fe,03 1.13 17.54 4.20 1.49
K,O 0.51 0.40 0.86 0.01
MgO 3.15 1.34 1.50 2.17
MnO 0.04 0.05 0.11 0.02
Na,O 0.08 3.21 0.55 0.01
Nb,Os - 0.01

P,0s 0.09 0.26 0.39 0.03
PbO - 0.03 0.01

SO; 0.06 0.90 2.20 0.02
SiO, 411 18.19 22.00 3.28
Sro 0.09 0.11 0.14

ThO, - 0.02

TiO, 0.19 481 0.01 0.07
Y205 - 0.01 0.01

ZnO 0.01 0.01 0.03 0.01
Zr0, - 0.18 0.07

3. AR

3.1. YIEEX M IRIRAIHIE

B AU UA S A B E AR AT B R, TR, ARG R (NI M i TR RS ) JTGF40-2004
HRSHECRL TR ORI, 1SR ARRL: B e R K, RE), BEEMRIKER, KBS
9 5 R84 1B — 5 EL BRI B BRSO, IRE 5], Bt aRIE MG K Bt 7R Ve S 753 i /K <
W, BERE. BRI (CABGIT BTG THE AR MYE) JTGF40-2004 Rtk TR ki1, RIFS4)HE R
P IRVE

AW, BedikRile 5ot BT LB 9:1. ZERIS AT IR &R, 7RI 5 Motk Ry 1%
TSR LU B AR KA R
3.2. AC20 ih B BARE &Lt

AR IR CA B IR THATE) (TG F40-2004)H 1 AC-20 MU lcva e, it B %M
AN ERA R i 1[5].

B D ECRARIGEC & LT v e A B A B T . TR SRR A 1 D
2. RENTHEN 4.1%.

33. REREE

AR (A TR ST R ARSI AR ) (T 0709-2011) 1 5E () 7 i HE 4732 /K T BRI 56
AL IOFE T 0702-2011 #iAEFRAE S &URAE, W4 R~ EH4% 101.6 mm. /& 63.5 mm, Jn#GE R ik
50 mm/min, RIGHEEIEFE 60°C. R R WK 2 fron, AREIENERE, P RS RIRHE R E K
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Figure 1. Gradation curve of AC-20 asphalt mixture
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Figure 2. Residual stability of asphalt mixture
2. ERENZBRER
34, XEFHNE

PR ZERIAR I AGE 1970 4 48 B DUEE T AR TR W, A &3 kb b2 225 S s fiy 5 A i 70 s
5% (Transportation and Road Research Laboratory, f##k TRRL)IZEBA %, FK TRRL SR IR RS G
BORENEE, DA IR A R OK T U T TR A R R LR IR SN, 7R — 2 RIVR B U B e AR
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B, DAFIWrZh i IR G AR KR H I N P ZEee /1, MO SO IE R TR 77 & w4, JF a4l
A AASHTO-T324-04 FRIGEHRHE. DB AERHORLS CH TR WAL TR TR & B B2 8GO, 7]
CLEAT AR R T8 RKEHE R RREE LAV e IR A R D ZE i g, 356 B AOVR A& RS T Lo R
FE IR B A A [ 7]

PRS0 0l RIS L, DLERC TR R BB AR, LI TR A B K AR T 2 AL
B AT DAAS H ZRAR0AR B2 B A R0 1R P BRI O, Gl 3 Fos . ZRARUR At 2 ol 20 5 TR s, AR A
FIT 3 AP B HARITEIT RUR IR AR 5 RITE R IIAE X L, 2 I R G R KRR e PR R bR
FIVET I G, KRG R AE N E, RO SURIE . RIVEHT SRR, 1 B IX 2% T K R
AE G R FET AR, SRS BHOPUK R e k2 8]
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Figure 3. Relationship between rutting depth and wheel action times

B 3. FRRE - FRIEMRBER

AR A3 TS DGR X DR IR A RHER K A T BB B AT TV, R Ty
FOR A e RSy, W R <F: AN 150 mm, JEE 60 mm; R84 50°CAKIE AT T4E, ilaGEe
47 mm FE, fiEE 705 No SLIGgE Ranl 4 o, MERRTLUEH, 76 50°CKIBZMET, HRENHIRE
BHELMERIR, XRRIERKEM NIRRT R GRPUERMER 2, MAERIEH B NE A KK IR 214
SR TR A RN K AR B, AT G 50 5 VR A R IR ACIRAS R IIPLERE; 76 S0CTHRRA T, AR
VEEARH K W mT LAAE S RIVE T i B[R], 8/ NG ARRLZR, B0 AT DLER = i 5 VR A R miR L R B
MAE AR 5 N A 2 AT DLk — 54 o i ik e

EHERE (un)

6 T T T
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pilE=27C e/
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Figure 4. Asphalt mixture Hamburg rutting test data: 50°C
drying (1); 50°C water bath (2)
4. hEREREXEERIAEHKHE: 50°CFHE(L); 50°C
KB(T)

12

14

3.5. SPT iXL&

2 [ R A B 5 (FHWA) 5 B [ 58 0564 A B8 BF 48 300 H (NCHRP) A 58 71 % 7 SPT (Simple Perfor-
mance Test)i40 7772, SPT {46 v %) 5 VR & RHIEAT AN AR s iaae . IR BRI AR I (] ik, AT
iR AR SR E R P RR VAL, IS BB A E i R Re H TR 45 /5T SPT 32
—EHRE) R EIRIE %, WE 5 fiR. R RBER T @t RERUEEsh2E, SRR,
PEHIABHE R RS, BWREEH AT A = vk AR IR R 48K R &6 1 3h
WRG, WA RMFAIRIR, BA PID S5 E] 45 i) AN S s & Ry, Geie /e ale it f2 dr i B kil (5 5 .
RIGOCBE TR T KR MRS DA A BB, iR EE s, =M= AT o
K2 =/ LVDT fl A B L ey, LIRS 0L 12073 51 /0 A A R L L, ok = A Tk s P ) o &5 O
WOPSAME, AR AR & T NAER . SPT X580 nT LASE i B AE B aE . #ialih s, HE mrailie L E
ST ETY)AES S5 1 VR A RHR R [9] -

AR EE B YRS R R A R Eh A, MO . 5 DSR R B, SEERAE
e BTl ) Tt DA R A2 ) A R A 2, S s A L P Bl 1) . 5 AR, IR N T AR A TT DAY
AR SN AT IME . ShaRE. MMAMTHEARIANX 1. 2 . ACREEEEN 20°C,
AR IKSFA 100 pe, SHRAEREINAIAIZ A 25 Hz. 20 Hz. 10 Hz. 5Hz. 2 Hz. 1Hz. 0.5Hz. 0.2 Hz. 0.1
Hzo 3 HT AR N & 2R 5 1R A R h AR . AT A S .

*

=%

E M)

)

T, .
0= fx (360°) 2)

A |E7| —— b oy —— R LA BIIRIG: & —— /£ BRI 0——MIBLAA: T,
—— RIS, T, —— ISR R I 1
SEIT SPT Bt PR SR A RHEAT RGO 540, 5 HHR ARSI AL R, TR 6 .
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Figure 5. SPT tester
5. SPT ik g%
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W R AR R AR TSR bR . AELAEOR, W TR SRR YEBOR,  SZ2 214/ FI 207 A2 5K
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Figure 6. SPT test data of asphalt mixture: dynamic modulus
(Part 1); phase angle (2)
E 6. IhEREK SPT LI KR ahiSRE(L); HA(T)
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1) A RAH B R AR BAT AR A A, TR #h 7K Ve 32 2 CaO 1 Si0, 4k, &4 MgO.
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) NaO & W] T A =Aibrkh, SO e . BRI A 7 o 2 S 75 5 BRI RL 45
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S E 3k
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