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Abstract

In order to study the air voids characteristics of drainage asphalt mixture with different grada-
tions, the asphalt mixture specimen was generated based on discrete element method. Firstly, the
central sphere diffusion method was used to simulate the morphological characteristics of coarse
aggregates, and a special algorithm was generated to effectively characterize different aggregate
gradations. Then, the cross-section void characteristic parameters were obtained by “virtual”
cross-section slicing through image processing, and the influence of void characteristics of drainage
asphalt mixture was explored. The simulation results show that the voids number is mainly distri-
buted in the range of the void equivalent diameter of 0 mm - 6 mm. As the void ratio increases, the
number of voids gradually decreases, but the equivalent diameter of the void increases. The num-
ber of voids decreases with the increase of 9.5 mm - 16 mm aggregate content. It is of practical sig-
nificance to describe the void characteristics of asphalt mixture by discrete element method.
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Table 1. Axial length of limestone

= 1. REWKSIT
) K (mm)
KA AR (mm) -
K4l i s
13.2~16 18~28 14~19 11~17
9.5~13.2 12~24 10~16 8~14
4.75~9.5 7~14 5~11 4~10
2.36~4.75 4~7 3~6 2~5
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13.2mm-16mm

9.5mm-13.2mm

4.75mm-9.5mm

2.36mm-4.75mm

Flgure 1. Coarse aggregate model clump of different three-dimensional space shapes

1. FRIZHE= BRI ERMRE clump

Table 2. Clump volumes of three typical representative particles

F 2. BENEZADHBRBEL clump BIFFR

AAFR (mm?)
1 2 3
13.2~16 mm 796.23 894.05 1185.64
9.5~13.2 mm 370.56 448.92 568.85
LR~
4.75~9.5 mm 91.13 125.21 173.64
2.36~4.75 mm 6.88 16.09 29.16
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Figure 2. Replacement model of coarse aggregate
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(a) AFERAEHER

Figure 3. Generation process of discrete element model
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Figure 4. Image processing of cross-sectional voids
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4. HEKIH B R AR = RISE SR

F= B LI I 0] LSRR A0 AR B AT AN TR] 2 B 43 A AR () B SR 5 ) o RS2 R AR T,
AN FRBC IR AR BREE M B 2 P AR [9]0 AR FEAN [ 20 B 28 R0 2 Bt 2 AH T X AN [R) R 40 SR HE 7K 0 75
TR AR 25 B AR S M A, B 2 R A BN 18%20%22%24%11) 4 FhZ% FL 2 30 PAC-13A.PAC-13B.
PAC-13C Al PAC-13D, FHARIUEZBRFIYTE 20% A 47, WL K 9.5 mm~16 mm HEKAI 4.75 mm~9.5 mm
S kLS B I BT FRE S, P 16 mm fifLiB I 25 9.5 mm LB H 2 % Pig_o5 A 9.5 mm
LB 5 4.75 mm (LB 32 % Pos _ 405 FHUER R A FEHHAEIC, 15 2R PAC-13B. A
AL PAC-13B LA K407 PAC-13B—1] P1s— 955 Pos — 475 FLIEZT HIA 1. 1.39 K1 0.67. & 3 v 6 HKECH
WAL, SRR, HeHIRE T E 5 fE 6.
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Table 3. Drainage asphalt mixture gradation

%= 3. HOKiRER G RHRE

LI E 5 F Y% IS
#FL R mm PAC-13A PAC-13B PAC-13C PAC-13D PAC-13B+ PAC-13B-

16 100 100 100 100 100 100
13.2 96.1 95.9 95.7 95.6 92.1 98.7

9.5 60.4 59.2 58.6 57.4 512 68.2

475 20.3 18.4 16.8 14.5 16.2 20.6
236 17.5 143 11.4 9.1 143 143
1.18 14.5 122 10.3 8.4 122 122

0.6 123 10.5 9.1 73 10.5 10.5

0.3 10.1 8.5 7.7 6.2 8.5 8.5

0.15 75 7.1 6.4 53 7.1 7.1
0.075 53 5.2 5.1 49 5.2 52
WA 5.4 52 4.8 4.6 52 52
TR A 17.6 19.9 22.1 23.9 20.2 19.7
HEE A R 12.3 15.7 18.4 20.1 183 13.8
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Figure 5. Gradation curves of mixture with different voids
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Figure 6. Gradation curves of mixture with different voids ratio and different sizes

6. =RFAITHEATEIR & RHREC L

4.1. ZHHFEIR A E R

A 6 RIS BARUEIIAME, CAIE BN 1.03 gom’, M. HERSFHEEN 2.7 glom’, H
KR E R A SRR A BUAE R 3 TIAS, ARAETHE A (D) PIARRAR KT 2.36 mm P AR & ML
PEERR T LA 4.

Table 4. Ratio of coarse aggregate of each file to total volume of specimen

4. BRSNS S ERAEEA)

LR~ (mm)
HEMAFALL (%) RS} 5 R ARAREL B (%)
13.2~16 9.5~13.2 4.75~9.5 2.36~4.75
PAC-13A 2.82 25.77 28.95 2.02 59.55
PAC-13B 2.89 25.87 28.76 2.89 60.41
PAC-13C 2.98 25.67 28.92 3.74 61.31
PAC-13D 2.99 25.94 29.13 3.67 61.73
PAC-13B* 5.55 28.72 24.58 1.33 60.18
PAC-13B" 0.92 21.55 33.64 4.45 60.56

ASCEBORT KN 100 mm, #5249 50 mm (375 A R (K7 s 18] X3k, A4 A 4Lkl 1
AR, SR S R SR RMARR L, G A SRR o SR W DAL S B, AN TR e A R L A
A HRILE 5.
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Table 5. Virtual specimen component volume

5. R R AN IR

PRAR (mm?®) HIr 2 FR
A 13.2~16 mm 9.5~13.2 mm 4.75~9.5 mm 2.36~4.75 mm V=g i3 &l

PAC-13A 14,100 128,850 144,750 10,100 297,750 88,000
PAC-13B 14,450 129,350 143,800 14,450 302,050 99,500
PAC-13C 14,900 128,350 144,600 18,700 306,550 110,500
PAC-13D 14,950 129,700 145,650 18,350 308,650 119,500
PAC-13B* 27,750 143,600 122,900 6650 300,900 101,000
PAC-13B° 4600 107,750 168,200 22,250 302,800 985,00

AR B R R R AR AR 20 B DL AR BHABUR A5 S SR AN R By RIS R AR R R BT 1%
JRAE A A R] AR 22 B R SEEILI 75 0 AN 2 R AR e 4 P R 6 AL HE/K D 7 IR A RHRE R

4.2. FRIFTEESHE

xF 6 AR BEATIAIBE Y 1 mm BB AT 50 A4S, 8 H] matlab 8P4 5 502000 R AT A BRI A
BRACR A I AR, IFSEit 50 AU K2 BRECR AR SRR AT IAREEAT b e 1517 O 6 ALZBCRE S Y
JIA Wi 2 B 8 o0 B, Pl 8 515 13 Dy 6 2 0 RE AUk AP A B T 2 AR PR R DA R 2 B 8 A R o

9000 r
8000

<4 7000 |

18

o

4000 r

3000

& 6000

(=3
i 5000 |

m

PAC-13A  PAC-13B

PAC-13C  PAC-13D PAC-13B+ PAC-13B-
IR EAE / mm

Figure 7. Voids number of all cross-section in the virtual specimen with six gradations
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Figure 8. PAC-13A
& 8. PAC-13A
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Figure 9. PAC-13B
[# 9. PAC-13B
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Figure 10. PAC-13C
[ 10. PAC-13C
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(a) WIS BRFAE ]

Figure 11. PAC-13D
[ 11. PAC-13D
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Figure 12. PAC-13B"
& 12. PAC-13B"
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Figure 13. PAC-13B"
& 13. PAC-13B~

B8 #2113 R, 6 A ARl 1) 23 BR A L AR vh 0 AR 7E 25 R SR B2 0 mm~6 mm [RFE P

ST 8 AR 11 RN, BEAE SRR MO, S RECE BRI O A A PR AL ELAE N 0 mm~2
mm 75 E N IEET A 4 mm~6 mm JEEABIIESR . 0T F BRI PAC-13A, H A £ BREERL
BHAN 0mm~2 mm. 2 mm~4 mm Al 4 mm~6 mm 35 [ P 155 BB BEE 25 S EA R Kmmmsb: 4
FIRRMKE, FRBEETRENESN 0 mm~2 mm B0 E N>, £ 2 mm~4 mm il 4 mm~6 mm
(VT Y BN, 92 B gk ey, FIA PAC-13B Ml PAC-13C EF R EAA N 0 mm~2 mm. 2
mm~4 mm 1 4 mm~6 mm 75 E N BRECE LA S, BRI 2 23.9% 00, S BECEAE 2 BRAE AL
B2 A 0 mm~2 mm 58 B Y 4k L9820, 7 2 mm~4 mm 1 4 mm~6 mm [958 Bl 4 4k S2 3400, (Kt PAC-13D
IIATAE S PR B AR Y 0 mm~2 mm. 2 mm~4 mm Al 4 mm~6 mm )78 Bl P 25 B2 550t B BE 5 25 IR A5 3
IER G b TSR EAINE

PR 9. ] 12 AT 13 AT, PAC-13B RIS BRE 5D, R AfE B BRE E AN 4 mm~6 mm
G P, T PAC-13B I EBREE B 2 EH /0 A 7E 0 mm~4 mm. [FI PAC-13B HIE K AR ER 6
mm~14 mm 7 Bl N 1) 2 BR & & 8 KT PAC-13B 1 PAC-13B7

Geitorr 6 AR K H IR GRS BRANSHL, AP BN D) ) 7 BRRE S 8O0 6.

Table 6. Meso-characteristic parameters of voids in drainage asphalt mixture

= 6. HKRERARZRAMIFESH

- R PRR RMBEE PHRAEREE TSGR
(%) M (mm’) (mm?) (mm) (mm)
PAC-13A 17.6 146 1622.4 1.1 3.8 9.8
PAC-13B 19.9 129 1852.8 14.4 43 11.2
PAC-13C 22.1 114 2034.4 17.9 4.8 11.4
PAC-13D 23.9 101 2191.1 21.8 53 11.7
PAC-13B" 20.2 108 1871.8 17.3 4.7 12.4
PAC-13B° 19.7 159 1831.3 11.5 3.9 10.3

X e B AW 2 B R 1 A P9 AR T B ) 2 B, 0 S ke 1 AN A P S 1) 4 B0 AT R
R IKNAFRRIAZE N 13 mm, 11 6 AR KEMER N 12.4 mm i £ oK,
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5.1. ZBREI S BRFFHERIRZ N

HEK I H IR &K PAC-13A. PAC-13B. PAC-13C £l PAC-13D K% [ F 525 B 8 M 2 B 5 42
FIo AR WIS 14, BEE SRR, WARW - PSRRI, IR RS E R 2
BR . 1 15 R e 23 B R 5 B T 2 Bt T A P [ A AR, 2 B R 5 O o 2 B T AR L R U A 2R M A

KA, HIKRBETL 09981, WHIHZE ML HIBBERE 2 BRI ATIHK. TR S BRA AR K 2
BARSF, AR 2 2
155 s
y=-7.110x +270.9
R2=0.999
140 +
Cias b :
] |
& 4.5 =
o 110 f =
H P
95 1 .Wﬁﬁﬁla 4 ‘KH
y =0.236x - 0.381 IR =
R?=0.997 * BRENER
80 ' ' : 35
17 19 21 23 25
TR/ %

Figure 14. Relationship between the voids number, the voids equivalent diameter and the voids ratio

E 4. ZRBERTRFYERSTREZEPHXR

2300

y =89.593x + 54.931
R2=0.9981

2100

A1/ mm?

1900

BR T
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H 1700

b i

1500

17 19 21 23 25
ERE /%
Figure 15. Relationship between total area of cross-section voids and voids ratio
B 15 BTE=REERS=REZENXR
5.2. R EBRAFAERI RN

I E 2 B R AH UL R R PAC-13B.PAC-13B" LA K PAC-13B R AN [H] 2 e bt 2= B4R A () 52 BAEE
ZHRFLAFREIRAZIN 132 mm, ZEREESHI8 19.9%. 20.1%81 19.7%, ASFIHHEC TR AR 2 R %
BT B E A Ean ] 16,

Kl 16 R EIR YRR, PAC-13B' M TMEME R RN, X &H THIAEAR PAC-13B
PAC-13B", PAC-13B ] 9.5 mm~16 mm RS B2, MAERRE , FHARETH R B S2 4546 P 5 7 B
Ko A, TSN EABK, SREEED . XRS5 R AR 400 45
R — R, B RECAEH K SR AR N 2 T8 R R T =S [

DOI: 10.12677/hjce.2019.83076 656 T ARTHE


https://doi.org/10.12677/hjce.2019.83076

A %

180 5
y = -70.32x +203.7 1
R2=0.977
160 |
\ 4.5 §
8 @
Z40 f =
1 , ™
ﬁ M ®
@ 120 H
P y=1.108x +3.169 =
100 R®=0.997 3.5
* SRR
" eppe |
0.6 0.8 1 12 14

P16-9.5 L:j P9,5.4 75 Z Hﬂ

Figure 16. Voids equivalent diameter and voids number of mixture with different gradations

E 16. TERERMRARZRFNERNTHYE

5.3. BRFHES EBE=RERGOXH

I AN [F) 22 B SRS R R A 2 C PRI HE KU B VR S R S BRUARF I, S8 57 2 R 2 0 25 0 [ 3 s B 4 )
[ S 7Y DU 72 2 B LR M S AR IR DG &, TR I SC R IR L 17

55 r
y=0.251x+0.342 | ]
R2=0.994
g S5t
£
«
m 45t
®
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S
Ho4T
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Figure 17. Relationship between voids equivalent diameter and connected voids ratio
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w17 s, MIESHEERESSEBTRERARZMEENTAE, FRENERMEEEB SRR
WK K. WM PAC-13B"F1 PAC-13C 741, I PAC-13B IR/ N TR PAC-13C, {HHZEE
HRUR G SRR EA S PAC-13C HHZER /N, XEHT PAC-13B VR AR A EEH 9.5 mm~16 mm SR
il %, HERKRZ G RE R, KRSE 2 BEA AT REFE G @ imiE, M IR 2 B R BN
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