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Physical model for void ratio inmineral aggregates of porous asphalt concrete

LI Jinfeng, HE Zhaoyi, GUAN Zhitao

(School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: To investigate the main skeleton structure and void ratio in mineral aggregate (VMA) of porous asphalt
concrete (PAC) , according to the porosity of PAC, all mineral aggregates were divided into four parts: larger size
aggregate ( LSA ), dominant aggregate size range ( DASR ), potentially disruption aggregate ( PDA), and
interstitial component aggregate (ICA). The main skeleton void structure formed by DASR was analyzed, the
particle size range of each aggregate part was determined, and the calculation method of the void ratio in main
skeleton was proposed. Based on the volume method, the physical model for VMA of PAC was developed by
introducing the filling mechanism of ICA, interference of PDA, and substitution effect of LSA, which had a good
prediction effect compared with compaction test results of PAC—13 and PAC-10. Results show that for the main
skeleton void structure formed by DASR, ICA mainly played the role of filling the skeleton voids. The interference
of PDA though occupied part of the skeleton voids formed by DASR, increased the main skeleton voids to a certain
extent. LSA with larger particle size also increased the void ratio of the main skeleton structure after replacing part
of DASR. LSA, PDA, and ICA had different directionality effects on the void ratio of main skeleton formed by
DASR. In the initial aggregate grading design of PAC, there is no need to prepare test specimens, and the
corresponding VMA can be predicted by determining the critical particle size of the four aggregate parts according to
the grading curves. It is convenient to determine the best gradation by using this model, which greatly reduces the
experimental workload for PAC mixture design. In conclusion, the proposed model is reasonable and effective, and
has a good prediction effect.
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Fig.1 Mixture components for calculation of main skeleton void
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Tab.1 Main technical indexes of aggregate £2 ZELEERPSEENZE
R, EUMER TR EIv WAk 2%, Tab.2  Aggregate void ratio and density after compaction
mm ol Gl AT Yo BRI/ mm 2 BRA/ % /(g em™)

13.2~16.0 2.959 2.912 2.896 0.604 13.2~16.0 44.37 1.611
9.5~13.2 2.952 2.904 2.883 0.629 9.5~13.2 43.18 1.638
4.75~9.5 2.943 2.887 2.861 0.735 4.75~9.5 41.56 1.672
2.36~4.75 2.925 2.859 2.827 0.906 2.36~4.75 40.18 1.691
1.18~2.36 2.907 — — — 1.18~2.36 40.49 1.73
0.6~1.18 2.892 — — — 0.6~1.18 39.28 1.756

0.3~0.6 2.881 — — — 0.3~0.6 38.60 1.769
0.15~0.3 2.869 — — — 0.15~0.3 38.06 1.777
0.075~0.15 2.865 — — — 0.075~0.15 37.77 1.783

LR EEE p,y MR 0, RIBAS0H
Py = Mg/ Vi (26)
N = (1 = pru/yey) X 100 (27)
sy, AR B AR X 35 B Bl 20 42 Y
FEE, moy, FHAER SR T i,

P 3 AR RN O R, R AR i
WOR TSR B ] % PAC TRABHAME, R A ARBGE M
BTIREG RS BUR M BRI E, B 1.2.1 7
A1, PAC—-13 Fl PAC-10 i 324K Ki 42 DASR 43

PR B S H (N AR R T 5 L] B
PRTR G B 48 S0 %% B N4 52 5 25 BOR AF ) ARSI
RI(23) v, BRI R4S SR R R 0 75 1R A R B
BHEI R W3 3, B PAC RGBT RHE] B %
B B TR 5 00 25 SR AT X e, an &l 8 TR
TR EITh Ir A A B s LA 1 2 1 R BR B K%
I3AE  FHEME R B R H 0.904 6, F- X 4a xR 2% B A
2.20% , Ui B S SCIT 1 17 Rk [ B 38 4 BELASE R BB %
B b S B AL IR AR 2 BRI

*x3 SITEREROREHERK
Tab.3 Gradation of PAC for test

LA 1T %/ % RHE BR % %
HIUEHS 160 132 95 475 236 1.8 0.6 03 015 0.075 e s %{ﬁi

e S A

1 100 905 63.0 285 223 115 92 68 56 45 48 16.9 2.233 253 244
2 100 905 63.0 212 17.6 145 92 68 56 45 48 18.7 2.184 26.4 25.8
3 100 905 63.0 156 134 115 92 68 56 45 48 21.0 2.121 293 29.2
4 100 905 63.0 212 176 85 7.0 60 50 40 47 20.1 2.149 285 28.1
5 100 96.8 743 265 205 155 110 7.5 52 40 49 15.4 2.264 24.8 25.2
6 100 87.5 545 195 13.0 105 80 60 50 40 46 2.1 2.103 28.2 27.6
7 100 880 63.0 215 185 115 9.0 7.0 55 40 47 18.8 2.186 27.2 26.3
8 100 950 69.0 21.0 160 120 80 60 40 3.0 48 19.2 2.171 277 283
9 100 90.0 60.0 180 140 100 80 60 50 40 48 20.6 2.135 28.7 28.7
10 100 100 98.0 57.0 21.0 150 120 9.0 7.0 5.5 5.1 18.6 2.169 275 28.2
1 100 100 945 485 175 120 95 7.0 55 45 5.0 19.8 2.148 29.2 293
12 100 100 90.0 40.0 13.0 9.0 7.0 60 50 40 49 20.5 2.127 30.1 30.5
13 100 100 860 315 95 75 65 55 45 3.5 48 23 2.078 30.6 31.0

32 RENTIR

T 75 10 288 R TR 52 T 275 45 TR 22 Ta) £ 155
T, PAC TR G Rk 1] B % 32 22 HU e T 42 B 92
e b AR RGBS R 3R DL 2R
T ZH B 1) 7 BE 53 B 8RR B S ) AR AL R |

DL PAC-13 MBS 4, f4F PDA 5 ICA &
ARAHTEBL R (BRI Py, + Py MET), B9 BT

LSA 5 DASR JIF (% He 3] (%) LU B AR A6 X a7 ek 18] B R
Nywn MR ML, HE 9 WLIEH, ny, &
Proy/ Py WD 37 55 0ok, L 5 3 110 WG 2 8 947 0k
AN, BARISA RN IN—ERE L A/MSRS

RSB, EL75 R S 2 S B 4>
PDA 1 52 2Tl A B A4 B R R F U
W SFEL T 5 BRI BR BB, 4 ICA & it — 5



- 146 - MR O T M ok % % R

i 54 %

H P/ Py FHEEIT 0 RHH B ZEBEE PDA & &= 1Y
AN 2 Prgy/Poase = 0.2 B, PDA & i3 in
7.0% , W LSA Fl PAD 8853 B8/ T1.17%
F15.83% , T LSA & it 8l/Nil PDA 5 fi /N5 34
W RHE] B2 B/ T 0.529% 1 2.49% , PDA & &
HEhN T 200 ] BRI T 0.64% , 1 RLAT R} E] B
/N T 2.38%, HULTTHI, LSA 5 DASR & &4
I 75 B 4825 B3 0 3 43 38 KT PDA 870 3 3
22 BRI I 53

33r

s N
31 [
-
29t
= L
ﬁ]ﬂt n
=27
|
n
25 + 2
|
3 1 1 1 1 J
2 23 25 27 29 31 33
S/ %

B8 #EEEAEESIMERMXLL

Fig.8 Comparison between predicted and test results for VMA
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