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Tab.1 Matrix asphalt technical indicators

A (25 °C,100 g, FEFE 15 CH/

RN BAbsi/C

5s)/(0.1 mm) cm
S E 81.7 45.6 107
HOARFE AR 80~100 44~54 =100

(2) TN K it TR B 1 7 3 b e

AR TR0 2R FH K 22 TR A7 i 4 e T AE 9 B R P 114
it TR B6F - 7 I F-2E 20 B R (RETR Bk 1 3 2 7, W)
KE 8. 10, FERRAH 29. 220).

V1 YR B B R S 4/ N Y T AL AR S 1 Dy
Y5 B (0~5 mm) . Z 5 i H R AL A5 B
PR AR L B 5 G AT AL 2K DL B 2 Tl ok
G 4 BIF VS B 1) T3 400 K i R B A s b RER
ZETA WAL BT A 2o 2l 25 50 85 12 I 3 bz 32
A5 HAEBRi A2 1 355 nm, B ) £5 213K 56 FT
AN K A TR B 7 % DA

AN K YR B - 5 SR R BT M 18 DL 3R 2.

R 2 AN KRR R B I B PR 5 AR
Tab. 2 Conventional technical indicators of micro-nano

bricks and concrete waste

R/ HRWIWR/

nH R (geem %) (m?eg 1)

R IR IR pH

HAR KA 99.9%/NF

B X 7~8 2.61 2. 86
b WA 10m

(34K

KA PERESS) G e R R , LA 25
FLFE 3.4 BB A IR B ) LR R LR 5.
1.2 HHpERE LS

AR5 SR FH A B A 4 XL Sk GS 90 #
(3L T A 160 CHLARRHE 1.5 h &4, 1%
5T AR 328 5 7 R I L 165 °C fE IR AR
7. Bt i W AT 8 A %) A 40 K T YR 2 1 R i ) B
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Tab. 3 Technical properties of experimental coarse aggregates

7 RRmIEL SRS wows mww BP0 TR e s
4.75 mm 2.93 2. 840
SLE 9.5 mm 3.12 3.066 0.651 18.7 16.9 11.5 9.4 1.7
13.2 mm 3.14 3. 085
PSR =2.6 =>2.6 <2.0 <26 <28 <18 <12 <3

e RWAR KT %5 B B IRFR %5 B WK SR T 03042005 3K 5 R RS {6 A2 LS RE 4T Aok & L R M L OA A s 4 R F
T 0316—2005,T 03172005, T 03122005, T 0314—2000,T 0320-—2000 M izt.
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Tab. 4 Technical properties of experimental fine aggregates

i H RAARRT B E /(g + em™®) W% K/ % KB H:<C0. 075 mm PR & &/ % WM/ %
SR 2. 844 1.315 0.43 72.3
ARG AR =2.5 <3.0 <1.0 =60

T AR R B KR K BEEE <20, 075 mm PURHS & 24 8 R T 0328—2005, T 0330—2005, T 0333—2000, T 0334—2005 il
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Tab.5 Technical properties of experimental ore powder
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e B D) AN S R BT D) 40 min, BT V) Y
6 000 r/min, fIL P BE 4E+5 76 165 °C , 1l 15 40
KAl 1R 5 - 1L JROWURE AR W3 7 b ¥ 59 73 A Bl A 45 3
AN K TR - B e .

T K 20 ik TR B b 0 SR RE LA o 3R THI RE
Ho KA R BLAR SR e i 4% 1 AT LG I 2
Wi B E A H T B R G e B3 bz 30 0K 73 1K
I H. g 5T U AT DA B 5 g B8 $EAE T, W] 2 2t
TR AT R B - 3 b 23 A 38 2 L REA R 1k
HBLBORL AT R BL A

PR R SUR Y WIS

2.1 P PEREIN A

2.1.1 HHHFRAMRERE AR 90H
TN KRG R B B AR B ) 5% .
10%6 .12 % A1 15 %6 foy bt U 7 . 40 BECC2S #% T7% 0
W RE IR AR ) (JTG E20—2011) . 4%
ST TR R 4 A TR VR s S O U R AT AT
B HE B RIVER b 55 0 7 B A R A
2.1.2 BRWEHHEHRKFEERXE KXKHAK
BEE AN B SRe FH O 75 T B 0 0 1 (A 9% o

IR BE ) ) (T 0625—201 1) W5 W 75 45 &k
T s v AR B (e . e B A R H A 2
A 3 RIS A PR S e S R b i S K g
F1. MR R 135 °C L MR Sl K b TRt
WABWC LB 5% .10% 12 % F1 15 % el P e
2.1.3 BRI FAEAAAEERE AR R
o3 )= BT F IO B TR K Ak
IR ) (T 0661-—2011) , I 5 3 5 i 7 AN 40
KAk R = B R E B 590 .10 %6 .12 %6 F1 15 %
Y CPE 7, 7 163 °C Y IE IR BEAR hRE2k 48 h )5
IR 4 b IRV LEEIE 3 BEAY B A Ak s
2.1.4 BHBHEHEST AT RE AU
FEh A BT VI A AL, #¢ R 3E [E SHRP #3E #F 47 14
¥ REIRIE N 46~76 °C,MHERIE N 10 rad/s.
i Ak 0BG i TR b 3R B 4 oKk BB TE B
5% .10% .12 %0 A1 15 Y6 Bif el M 0 5 1) 52 Bk B b 4
G RUAHAL A 6. I — 20 40 H e A R T
(|G™ | /sin &) FIAS HR 1.
2.2 PR TR AR HTPE R,
ARSCIR A R RS 2 B AC-13 () B4
B, 28 Pl & BT o fe fETh A LR 4L 7 Bk 2R
Je £k 4 UL 3R 6.



56 X % B I X

¥ o R 5 60 %

k6 BAENT AR

Tab. 6 Mixing ore material grading

G fLRSE /mme S Ll 3/ 20 || LR T /mm AL R/ %
13.2 95 0.6 16
9.5 76 0.3 11
4.75 46 0.15 9
2.36 32 0.075 6
1.18 20
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Fig. 2 Line chart of 135 °C viscosity results of
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modified asphalt
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Tab.7 Layered segregation experiment of modified

asphalt
T KA TR 1 T8 Ak
SR EE? S Ak s/ C A/ C HZEE/C
SR IE 46.5 46. 6 0.1
5% W 53.6 54. 4 0.8
10 % MU Wi 57.8 59.5 1.7
1206 Bt 57.5 59. 8 2.3
15 26 B U i 58.0 60.6 2.6

M7 RBE B AERETDH DRI AR

YKt TR BRE by A R S U T B AR S Rl 2 T
s HL R R 2 1A R G K B K R
B - 17 SRR TR 4 )2 B b L R
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FEVE R4 BT LA AT AR 48 5 15 00 I 2501k o 5 A A
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Fig.3 Line chart of modified asphalt complex shear

modulus-phase angle
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Fig.4 Line chart of modified asphalt rutting
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Fig. 5 Results of modified asphalt mixture rutting test
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Tab.9 Results of water-immersed Marshall experiment
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Fig. 6  Line charts of modified asphalt mixture bending

tensile stress, bending strain and stiffness modulus
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Tab. 10 Results of freeze-thaw split test of mixtures
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Study of road performance of micro-nano brick and

concrete waste modified asphalt and its mixture

ZHANG Chen', XU Hui, SHANG Weigong’, HAN Sen™'

( 1.Highway School, Chang'an University, Xi'an 710064, China;
2. Gansu Provincial Highway Administration, Lanzhou 730000, China;
3. Shaanxi Traffic Construction Maintenance Engineering Co. , Ltd., Xi'an 710064, China )

Abstract: In order to improve the pavement quality requirements and reduce the waste of waste
asphalt materials year by year, the fine parts of bricks and concrete in construction waste are crushed,
grinded and processed into micro-nano scale, and as a modifier added to the matrix asphalt. Utilizing
the special functions of nanomaterials, asphalt performance is improved and the amount of asphalt is
reduced. The penetration, ductility, softening point, viscosity and dynamic shear rheological (DSR)
test are used to test and verify the high and low temperature properties of modified asphalt. The
rutting test, low temperature bending creep test, freeze-thaw splitting test and water-immersed
Marshall test are used to verify the high and low temperature performance and water stability of the
modified asphalt mixture. The experimental results show that the micro-nano bricks and concrete
waste materials in the modified asphalt mixture can effectively improve its high temperature
performance and have the best effect at 10% blending ratio. In the mixture, the micro-nano bricks and
concrete waste materials can significantly improve its high temperature stability and water stability,
and the dynamic stability is improved by 60. 2%, and the residual stability and splitting strength ratio
are increased by 13. 8% and 24% , respectively. It can be seen that micro-nano bricks and concrete

waste can effectively improve the road performance of asphalt and its mixture.

Key words: road engineering; modified asphalt; micro-nano material; brick and concrete waste; road

performance



