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Abstract: SK-90 was taken as base asphalt, filler-asphalt ratio was 1.0, the direct coal liquefaction
residue(DCLR) modified asphalt mortars with the DCLR contents as 5%, 10%, 15%, 20% and
SK-90 asphalt mortar were produced respectively. The influences of DCLR on asphalt mortar rut
factor, fatigue factor, creep stiffness modulus and creep rate were compared by dynamic shear
rheometer(DSR) and bending beam rheometer (BBR) tests. The influence rule of DCLR on the
viscoelastic properties of asphalt mortar was analyzed. Test result indicates that DCLR can
significantly improve the high-temperature properties of asphalt mortar, reduce its low-
temperature and fatigue properties. DCLR also increases the elastic properties of asphalt mortar
at high temperature and the viscous properties at low temperature. The high-temperature, low-
temperature and fatigue properties of asphalt mortar with high DCLR content are very sensitive to

temperature. With the increase of DCLR content, the application scopes of asphalt and asphalt
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mortar become more and more narrow. Therefore, in the view of application, the content of

DCLR is recommended to be less than 10% , and the asphalt and asphalt mortar can be applied for

middle surface layer of asphalt pavement. 11 tabs, 4 figs, 23 refs.

Key words: road material; direct coal liquefaction residue; DSR and BBR tests; modified asphalt;

asphalt mortar; viscoelastic property
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r ] A i il Ak A B W SR 2 R A
M R A E R S MR A B TR E X R
AEHRB AR ) (JTG E20—2011) FIC 28 1% TR 42 k)
R (JTG E42—2005) 91 14 AH 36 505+ 43 531 I
i SK-90 #i# k3 Ml DCLR iy 5L A PEfE . T X 4H
RSE R 5 N i
1.1.1 SK-90 % &

SK-90 1 & M FEBE AR WK 1.2, Hp
SK-90H 19 PG 732kl PG58-22,

£ 1 SK-90 HEHMAE

R3 TR
Tab.3 Properties of mineral powder
LAY FAR bR A
FMBRE/(t+ m™?) =2.5 2.732
TR/ <1 0.5
<Z0. 6 mm 100 100. 00
o
. <C0. 15 mm 90~100 99.75
TR/ %
<20. 075 mm 75~100 88.56
HIR BB <1 0.71
PR B A <4 2.8

* 4 DCLR £8E
Tab.4 Properties of DCLR

fabn | W/ (g em ) | #ALA/C | 25 CHAJE/0. 1 mm

HIUEW (=] 1.23 170 2

®5 DCLR AN FITRANR

Tab.1 Properties of SK-90 Tab.5 Compositions and elements of DCLR
i FAR AR HUREN =S Mo 5I0H (WA | FES | R |\ Wil C H| S |N
25 CHF A /0.1 mm 80~100 85 /% 0.8 4.4 |14.6| 80.2 [75.80(4.41|2.37]0.45
Ak gi/C =45 51 .
10 CZEJEF /cm =20 51.8
60 ‘Ch 1 BEEE/(Pa» s) =160 218 " 0.8}
Fik AL/ % +0.8 0.1 jg
RTFOT J5 i L
N B/ % =57 64 0.4
AL
10 “CHR A L JiE /em =38 10
1 1 1
K2 SK-90 HEHIAS 0 1000 2000 3000 4000
Tab.2 Compositions of SK-90 B Hem™
. N , 51 DCLR fyF fi H
415 whs | HES e T I H 7 i
Fig. 1 Function group of DCLR
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Bt B R A R
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Tab. 6 Properties of DCLR modified asphalts

DCLR ##/% 5 10 15 20
25 ‘C#F A /0. 1 mm 75 35 32 27
Ak s/ C 51.2 59.0 63.0 65.0
10 ‘C #EJF /cm 9.7 7.7 3.1 1.3
60 ‘CEh JIFHRE/(Pa « s) 384.0 | 561.3 |1269.0|2325.5
RTFOT| B/ % 0.1 0.1 0.2 —0.1
JE iy EEABE L/ % 75 74 61 70

SREY |10 CHEmERE /em| 5.3 1.5 1.3 1.2

%7 DCLR ¥HiREHAS

Tab.7 Compositions of DCLR modified asphalts %
DCLR #8 | RS & | GEsgE| KREaeE |(HEhEa
5 10. 8 46. 6 23.9 18.7
10 10.4 45.2 24.2 20.2
15 7.6 45.0 26.8 20. 6
20 6.8 41.3 28.8 23.1
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Fig. 2 Rut factors of different asphalt mortars
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Tab. 8 Values of regression coefficients A; and B,

JBE K 2 Y Ay B, HH R R AL

SK-90 70. 061 —0. 800 0.995 5
5%DCLR 100. 000 —0. 802 0.995 4
10 % DCLR 307. 160 —0. 864 0.997 6
15 % DCLR 528.910 —0.868 0.998 8
20 % DCLR 666. 580 —0. 886 0.999 0
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TR £ 8 Ak T % (kPa » °C 1) 5 GY/sin (8,) S X B
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Tab. 9 Gy values of asphalt mortars kPa + °C !

N AT FRAR B B B | AR RS RRARRY B R
Jhe e 2 7 . . X .
46 °C~58 °C 58 C~82 °C
SK-90 2.61 0.36
5%DCLR 10. 32 0.83
10%DCLR 10. 33 1.08
15%DCLR 16. 80 1.48
20 % DCLR 20. 53 1.81

(DTE 46 C~58 CHNLIHKEMN Gr dmit K
T AL 58 'C~82 CH Gr, RIFE 46 C ~
58 CINWET R 1Y G/ sin(8) 1 48 1k Fb %8 il 21, T
1E 58 C~82 CHIH KN G/sin()HAE 1L b
2% LI T AL 46 "C ~58 “C A X il i 1Y SRk
FEPERLE R T 58 C~82 °C phy X il J3E 1) Bt L R
Wit MEIRAE 46 °C~58 CAH G I ML IX I, BR H
BT AE T RE AR 5 o AR X)L BE A0+ o SRR

)W BERKN Gr BEE DCLR £ & 135 n i
o, U H AR 46 °C ~58 CER G P i X KA E
Sy Z 3k U W KA 46 °C ~58 C E R Y P
XA e i PR AR AR B S DCLR 48 &5 1) 3 i 1
fn fBAEm DCLR B 8 F . I I A & TP 68 XS
T B A LR

4 DCLR 7 iffi 5 B 3% J% 55 1 BE B9 % M

SHRP #i & i RTFOT + PAV B Bt J5 Wi 75 1%
SERHE 57 B F G sin(0) FAE Wi 75 A48 R BT 97
TFZLPERE . I AR-1500 B 5 9% i A8 X . 78 22 °C ~
40 C, M EE SR A 10 rad « s L EE ) R
3 CHAMF X SK-90 i F I H S A 7] DCLR gl 7
Wil I 4T DSR X . 2% 10 2 SK-90 15 5 B
AR DCLR Wi 5 B 1 G sin () M 45 5, 4518
mr.

x10 FRBERROESEF
Tab. 10 Fatigue factors of different asphalt mortars

AT BE CCO R 2 55 B 7/ kPa

JBe e 2 1
40 37 34 31 28 25 22
SK-90 — — |1028|1575[2547 |4 117 |6 376
5%DCLR 1431|2799 |4 2596123
10 % DCLR — 8991 8262 957 |4 345|6 235| —
15%DCLR | 1921 |3 2124 321|4 922| — — —
20%DCLR | 2 145 |4 0224 998 |6 087

(1) 78 Al — & & & F 7. DCLR i & B 3 W)
G sin(O P ETF SK-90 W H MK G sin(8), H.FE



6 Xl &

2015 %

# DCLR £ & (34 I AN Wi 7+ &, 3B DCLR 19 fin
N5 T IS 9 55 R R AR T AN RIS

(2) 4% B8 SHRP i 7 I 45 8L 19 PG 53 2 br
PAV BB IREE R G sin(d) i /hF 5 000 kPa,
SK-90 i 8 B 5 0 9% 55 W BE S5 9y 25 °C L i B &
DCLR WA K48 5 A W 38 0 Fo9% 57 55 905 i A%
28 °C L E 34 CL Utk % DCLR &8 1 5m.,
Wi 5 BE S 9 55 1 BB AE 12 7 B AIK

5 DCLR X ihEREZIKBEIERR R

FIH TE-BBR A& 93 28 4%, % SK-90 ¥ H i
K e AR DCLR P B #4710, —6.—12 CTF
BBR iR 55 , 43 51 #5 B 5 A5 2 B 455 & (S) | I A %
) SEZH. B 3.4 4350k SK-90 I e 2% FAS [7]
DCLR StE Wi 5 KA S Flom (5. 25180

1200

—o— SK-90% # I

—0— 5% DCLRYi # & %
—0— 10% DCLRY & IR %
—— 15% DCLRY 5 iR 3

8001 G 0% DCLRUGH K

400

i A2 h A5 /M Pa

1 ]
0 -6 -12
i /1

3 AR T O 7 K4 s 8 i
Fig. 3 Creep stiffness moduli of different asphalt mortars
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Fig. 4 Creep rates of different asphalt mortars
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R T R O AR I S5 2 B2 B B 10 °C iy it Rl R
SK-90 i 1 K 3K M AR IR S5 9 Ry — 16 °C, M Bl &
DCLR By IA K45 5 AN Wb 38 40 . 0 75 B8 5 A9 A 25
RFFER —10 CEZEF| 0 °C, 3W] DCLR X i K
AR R RE 19 475 2 B3 DCLR 42 42 4 58 i i
B W] . X AT BB i T DCLR w5 A K iy P
5T A AP R R T R DT R
7 2 JE I 1) I P G O AR M BB L A 2 A2 B

OFEF —BEFMNT . WHEBRKN S
2 TR B T TGN T e R A B R A T S T
BEAR . LA R MG & [l 07 R s

Y, = A, X+B,

APY, HUTEBRKN S 8im {6:A, B, N5 K
PE R OC 1 [0 ) R 5, BRSO WLk 11, Bk mlie
Jr B A SC R BAE 0. 92 DL |

11 EERH A B &

Tab. 11  Values of regression coefficients A, and B,

‘ 5 51 i 0 1043 4 i 25 4 1 43
e \
A, B, X R A A, B, X R H
SK-90 286. 34 —200. 31 0.921 2 —0.053 1 0.456 2 0.926 7
5%DCLR 230. 36 —187.36 0.987 4 —0.100 8 0.554 9 0.945 9
10 % DCLR 259.38 —113.89 0.920 1 —0.059 1 0.418 3 0.984 1
15%DCLR 245.28 —14. 14 0.980 1 —0.063 5 0.394 0 0.924 2
20 % DCLR 354.00 —74.66 0.975 4 —0.048 5 0.348 7 0.994 1

(OHDCLR B AR T W5 B = IRk 6E

{ELIR] i R ARG 1 ARG i P B+ ELARR L 1R RE A9 T e 22 1]
2 T R R R Y 3R T R0t AR 24 T B
BEL 4 T 2R 255 i€ DCLR B4,

6 % iF

=A

(1)DCLR )i A ] L3 U5 & B B 3 /9 = i
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