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A New Mathematical Model for Discontinuous Gradation of Asphalt Mixture
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Abstract. Based on equivalent particle diameter ratio (Z) which is used as the evaluation index about
gradation discontinuity of asphalt mixture, combining 3 kinds of functional models-exponential function
model, power function model and logarithmic function model which represent the gradation of coarse,
medium and thin respectively, we analysed the relationship between the dual parameters of 4. 75 mm pass
rate with 2. 36 mm particle content and the equivalent particle diameter ratio, improved the original nonlinear
equation of the single parameters of 4. 75 mm pass rate (single parameters) and the equivalent particle
diameter ratio. The result shows that (1) the relationship between equivalent particle diameter ratio and
2.36 mm particle content is consistent with power function model; (2) the weight ratio of 4. 75 mm pass
ratio and 2. 36 mm particle content to equivalent particle diameter ratio are 60% : 40% ; (3) the regression
analysis are made respectively between 4.75 mm pass rate, 2.36 mm particle content and the equivalent
particle diameter ratio, the statistical relations of the regression coefficients are different. Taking 16 mm
nominal maximum aggregate size ( NMAS) as an example, the discovery shows that the new model about
graduation discontinuity not only conforms to the definition of the evaluation index, but also the of the
calculation result is more accurate.
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e Z 554,75 mm il i 5 AR L PRI,
F5e JF T 3k A ) 2% I 26 TR0 3 95 R AR BEAT IRIE, & B
M T BB TRY L i A AR B RS

F1 25 mm AHRERAUZREE

1 RERENE

(TP % i B 00 1 S0 T B N I E R . A AR
Wis CGHE 4,75 mm), B850 A8 A6 A FR i IOk
£ (NMAS) st 0.075 mm i % DL K (8] W7 o5
WL, 254G Bk 3 R R BB, AT LAy A5 2R
TR G AL . oF R 40 G % B 2k
B S 30 5 25 R R AR R T P T R O s, A5 B &R
AR RIRIAR di, KI5 530 5% AL AR 43
TR E R ai AHFTFRANRD AT 15212 5 e SR 2
FRiAR, B, DL 4075 mm SR EIG S, FRIE R
TR TR SR 24 b A2 A AN AR R Y kAR,
PIE AR S oRifR b Z, A (1),

NMAS

Y (di x ai)
7= (1)

4.75

Y (di x ai)

0

A SOAS[) R BUR B RE A FR e ROk A48 3 3 2R 4441

W 100% . i, #H . A5 R I 261 R F 7 bR
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Tab.1 Calculation process and result of 25 mm NMAS mixture equivalent particle diameter ratio — Z

i L/ mm 26.5 19 16 13.2 9.5 7.2 4.75 2.36 1. 18 0.6 0.3 0.15 0.075
W%/ % 100 79.2 70.2 61.4 48.7 40. 1 30 22.2 16.4 12.3 9.1 6.7 5
di/mm 22.75 17.5 14.6 11.35 8.35 5.98 3.56 1.77 0. 89 0.45 0.23 0.11 0.04
ai 0.21 0.09 0.09 0.13 0.09 0.10 0.08 0. 06 0.04 0.03 0.02 0.02 0.05
di x ai 4.73 1.57 1.29 1.43 0.72 0.61 0.28 0.10 0.04 0.02 0.01 0.00 0.00
3 10. 35 0.5
A 23.00

A AC, SMA, OGFC, SUPER DL K AM B = p*NMAS + ¢, (5)
LR TR H PSSR I A B0 24 kAR L p = 181.1 x "™, (6)
Z54.75 mm @ E, 58725475 mm @i R g =205.4 x ", (7)

[ 2o RO R, HE—Her R/ U (2),
Z =B x X", (2)

A, X B4.75 mm ol 3, A, B AFIHFRE.
W P A [\ A FR B K OB AR (NMAS ) K
0.075 mm # i Ry IH R A, B #1751 40 #r,
REIREA 5AFRE KRR (NMAS) fH4E IR 250
KRR, R B HAOMEKPAE (NMAS) e

KFR, WX (3) ~H(7).

A = 0.000 2NMAS> - 0.011 INMAS — h, (3)
h =1.5629 x "™, (4)

A, w25 0.075 mm iR,
KA BIRA (2), BRI ERALL Z 5

4.75 mm AL FH R FARLIT R, WA (8).
Z = (181.1e"*"NMAS +205.39¢™™) -

Xexp(0.000 2NMAS® - 0.011 1NMAS - 1.562 9¢” ") |

(8)
2 HERETTHE

2.1 WEIHEERRE
Hiz (1) MERARLL Z fE O T HRR G
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WuIES, Z 0TI EEZ 4.75 mm 83 R 15
Wel, SZAELES/IN, 53— S0 A9 5(EL 0 5 Bk oK 0 B0
AALAZ 4,75 mm Gl RPN, W H 2. 36 mm Ky
BEEAMRKER, EOIH, 2.36 mm Bifs &L
GBI HLAR A 0. 278/0.4 =70% , R HO o3B30
FIFEMEDE AT WU, 24 4. 75 mm 38 1 899,
JNE, 52036 mm ORiAR S EA TG, W 4-RE T Y
BUEA —E W /N ML Ar A, 475 mm @ %KY
2.36 mm RiA% & XY EORAR L Z B R A Y,
I HATF X Z BrE R R, g Hik,
RS WRIFA R G B RAR T Z 5 2,36 mm kiR
FRNGEIT R AZBITIRAMR, KW IHLIRFF S 5 R
HOCRE™ L 210,075 mm i F K 9% , FEREOH L
BB Z, A5 T B 1L, WTCRRERUR , A el
SR BRI R R pR AR
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Fig. 1 Statistical relations between equivalent particle
diameter ratio and 2. 36 mm particle content
SIFARR, #57.0.075 mm @i N 5% ~9%
1 Z 5 2.36 mm Rife S R EIARR, W (9).
Z =DxY", (9)
A, Y8236 mm kif2 i €, D NEIHRL.
WAE X (9) |H &R, AR NMAS K
0.075 mm @it H Yy CHIL B TE2, DEILET
*3.
R2 FRBRAAFHEZE, AR 0.075 mm @F L CELER
Tab.2 Summary of C values under different NMASs and

®3 FRAREKXHEZE. FE0.075 mm BT EH D HEILE
Tab.3 Summary of D values under different NMASs and

0. 075 mm pass rates

0.075 mm R KRAFFAE (mm) D {H

WA/ % 26.5 19 16 13.2 9.5
5 364.25  279.89  244.21  209.41  161.67
6 332.95  256.46  224.10 192,52 149.10
7 306.87  236.89  207.28  178.38  138.55
8 284.57  220.13  192.86  166.24  129.47
9 265.13  205.49  180.25  155.61  121.51

XFEIARELC, MRIEE 2 FrolBn i sr AR
K¥ite (NMAS) S Z ARy s K 2, ULIE 2 B
No BRI AT LR G — 1) Rk 2 Bt A7 [f]
U, MISCREEAE0.99 P F, WX (10) iR,

C =0.000 1 x NMAS® + e x NMAS +f, (10)
X, e, fOEIAREL.
—a—5%

—— 6%
—a— 7%

-¥8%
. \‘\‘\\_4_9%;

C
R L R
e e e e e e
LWL LW LIWINI NN NN NN
QAUNPEWN—OOVIAUN A WN

8 lb 1'2 1'4 1'6 1'8 Zb 2'2 2'4 2'6 2'8
NMAS
2 ERARH C ERMEAME NMAS HEIT X R
Fig. 2 Statistical relations between regression
coefficient C and NMAS
Fk, AT LG E] 0. 075 mm @ R e,
gtk /2, x4 kA (1), 50 (12)
NS
e =0.000 3x -0.009 1,
S =0.013 5x - 1.306 9,
x4 ATEO0.075 mm BERFEFRE e, fILEA

Tab.4 Summary of e and f values under different 0. 075 mm

(11)
(12)

pass rates
different 0. 075 mm pass rates 0.075 mm
] 8 7 6 5
0. 075 mm AR AFRRAE (mm) C{E Wt %/ %
Wt/ % 26.5 19 16 13.2 9.5 e -0.0064 -0.0067 -0.0070 -0.0073 -0.0076
5 -1.3507 -1.3372 -1.3288 -1.3181 -1.3002 I -1.1853 -1.1987 -1.2119 -1.2254 -1.2396
6 -1.3319 -1.3189 -1.3108 -1.3006 -1.2834 Xﬁﬂ:@Uﬂ%fﬁD, *E%E%‘:i?’ %ﬁuﬁﬁﬁjé_\\%%
7 -1.3138 -1.3014 -1.2936 -1.2838 -1.2674 k2 (NMAS) SH My, WE 3 if
8 -1.2962 -1.2843 -1.2769 -1.2675 -1.2518 i-\‘o 1Z®§ﬁﬁﬂgfm‘u%ﬁﬁ%_ﬁggﬁ;@ﬁfr%jﬂ:ﬁﬁIE]UE[’
9 -1.2789 -1.2675 -1.2604 -1.2514 -1.2363

AR EIKF)0.99 L F, W= (13) FrR.



18 S

$34 &

400

——5%

3501
300
Q 250
200
150

100 T
8 10 12 14 16 18 20 22 24 26 28
NMAS
E3 EERE D 5XAMEKHEFE NMAS HEITXR
Fig. 3 Statistical relations between regression
coefficient D and NMAS

D = m x NMAS + n,
K m, n RyEIHREL
[FIAE, Lt al LIS 3] 0. 075 mm Y
m, n WGEIFRRA, kS &KX (14). X (15)
B o
x5 AEO0.075 mm @G REETRE m, niLEE

Tab.5 Summary of m and n values under different 0. 075 mm

(13)

pass rates
0. 075 mm
8 7 6 5
m 8.42 9.09 9.87 10. 78 11. 88
n 43.89 45. 60 47.47 49.55 51.90
m =-5.889 In(x) +21.339, (14)
n =-13.6101n(x) + 73.884, (15)

giaal (9) ~3N(15), AR LIS A
TR RIS Y R, =l (16) k.
Z = [(-5.8891In(x) +21.339) NMAS +
(-13.6101In(x) +73.884)] -
Y[O. 000 1 NMAS2 +0. 000 3x-0. 009 1) _ O 009 1 )NMAS +
(0.013 5x - 1.3069) ], (16)
M4 YA Lk Z 1 S, Bk o+ 50 S bk
TR HAE I SE M FE B34 R 50% o A5 4% eRBUR Y
Sy EEI R 2,36 mm R AR i i o LG BIAE T0% A
Rl 4. 75 mm Gf 3R 5 2,36 mm R4S 0 Y fokE
7 Z ALE N [50% + 50% (1 - 70%) ] .
(50% x70% ), BIKE N 60% : 40% . Mt iy
R IC A W R A = (17) B,

7 = 108. 66e" " NMAS + 123.234e"7™) « X -
exp(0.000 2NMAS®> —0.011 1NMAS - 1.562 9¢”") +
[(-2.3556In(x) +8.5356)NMAS +
(-5.444 In(x) +29.5536)] -
Yexp{0.000 INMAS® + (0.000 3x —0.009 1) NMAS| +

(0.013 5x - 1.3069) ]
2.2 XPELeREIANIEE R HUH E R AT
ZIE FIRSPHT R AR, 0 R 4 T e B A A
— R IR SR TR N 8 ek BRSBTS 1Y) 2% G 1) B P A
br Z #4705, BAREEA TR, FA R T
B3 m W (18) ~ X (19), kA~ 11y
B ARSI (20) ~2 (21),
Z = (79.162e" " * NMAS + 206. 51e"7*>) -

X 0058 6v-1.581 1 , (18)
7Z = (207.52e"7°“NMAS + 3.595¢"7*%) «
Xexp(0.000 2NMAS® - 0.010 8NMAS — 1. 562 9¢>™°*) |

(19)
7Z = (47.497 2" 7**NMAS + 123. 906" 7**") -
XOOBOLIL L T 1,150 8 In(x) +
4.722) INMAS + (- 12.864 In(x) +

52.788) ] - Y 00T (20)
Z = (145.264e*7°""NMAS +2.516 5¢"7*%) .
Xexp(0. 000 2NMAS® — 0.010 SNMAS - 1.567 6¢*™*) +
(6.658e ™" NMAS + 8.259¢ ") «
Yexp[0.000 INMAS® + (0.000 3x —0.008 6) NMAS +
(0.013 7x - 1.3115) ], (21)

(17)

3 HEIXfLE

E X (1) AR (8) . (18)
(19) REGEBIRIFSL (17) . (20), (21), 431
%132 6 51 6 i T 0 IO S R0 7R 4
SO0 BI04 LR H 2 ST 3O REEL R
(22) HEPIERIIRY V, SR,

y _ U — i U
100 °

e 7 I HL A ST A, B
USRS 158 25 5 5 5 S 25 0 0 06 22 0 B 1
AR, U4 R B Z R (U 4.75 mm 3 i
ST, A5 236 mm AR S AR KX
R0 A SCHCHE I U L W B 5 R
ORI, ROUI A& SR 2 05 3L, T L5
GERUAT BRI, SAb, 3 FEBEON T, Z it
SELE S22 KN HEFY R BB < F R < X1
MR, BUTRLACRL R R BRI, 24 BB L 2
(LIS 2 45 SR A e " o L T R 2,
ARSI TR S S 0 R R £ S 7
TERRABUR AR T | 3 % AL DT F 4
B, 3 L S0 UE R 3 T 3 5 I T

(22)
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Tab. 6 Six kinds of commonly used type 16 asphalt mixture gradation

AR (mm) Glid3/%

AR

19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
AC-16 100 95 84 70 48 24.5 17.5 12.5 9.5 6
SMA - 16 100 95 75 55 26 19.5 18 15 12.5 11.5 10
OGFC -16 100 95 80 57.5 21 12 9.5 7.5 5.5 4
AM - 16 100 95 72.5 56.5 29 15.5 10. 5 7.5 5 4 2.5
SUP - 16 100 97.5 79 67 46 20 14 10 7 5
SAC -16 100 97.5 82.5 62.5 35 27.5 21 16.5 13 10.5 8

DRI 5 3 ok ol O B0 R A B (B R e e e 2
—EWmE T DUEAS SO SERE T kLT R
YA R 3 A0 PR B A AR R e A A A T IS
[ T P52 1 B IR 9 B BT

*7 FEEZEMILER

Tab.7 Comparison result of Z values from 2 models

- T SR A R 22 W HERER i 22
I % P/ %
AC-16 7.38 1.2 0.9
SMA - 16 26. 81 6.4 3.6
OGFC - 16 28.59 4.9 3.7
AM - 16 12.98 2.3 1.7
SUP - 16 7.24 1.1 0.9
SAC - 16 15.27 2.5 L9
4 #hig

(1) 4.75 mm @12 2. 36 mm Fif2 5 =505
LMkttt Z [mlH, P H RN ST R
AR, FARHEZMBEARR LA 2ER,

(2) 4.75 mm 3 £ ZE0F G (7] WP 45 A ]
ERARE Z BRI R IR Y. GG 3 R
PRACBEARY, 4.75 mm il i R 5 2.36 mm Fife & 5 X}
MR L Z S A R 60% @ 40%

(3) 4R T — Pl R RUHS 2 i ) W A R T
B, ARE)3 AR R YRR Z i
Ko HEABERGTE SR, BRI 5 1%
Febr Z fosE SC, T ELI B S SR e X Ui Y
WRARL Z AZ 4.75 mm SRR, R R
52,36 mm RifE G REARKKR.

(4) R AR R 558 R AT
b, ARG 2 KNHET O . T RR AR < FE AR R <
XTE PR

S 3k
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