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Abstract:
influencing factors of water vapor in asphalt mixture, a

In order to explore the diffusion law and

penetration water vapor diffusion test device was
designed, and three types of asphalt mixtures with

porosities of 7%, 17%, and 24% were prepared. Water
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vapor diffusion tests were conducted at 25C, 30C, and
40°C, respectively. The results show that the diffusivity of
water vapor in asphalt mixture increases with the increase
of temperature. The porosity plays a dominant role in the
diffusion of water vapor in asphalt mixture at a lower
temperature (25C and 30C ) , and temperature plays a
dominant role at a higher temperature (40C ). The
diffusivity of two porous asphalt mixtures is obviously
higher than that of dense asphalt mixture. The amount of
water vapor accumulation in asphalt mixture increases
with the increase of porosity and decreases with the
increase of temperature. The TSR decreases with the
increase of water vapor accumulation. The results indicate
that both porosity and temperature have a significant
effect on diffusivity, and the higher the temperature, the
more significant the effect of porosity on the diffusivity.
The higher the porosity, the more significant the effect of
temperature on diffusivity. The water stability of dense

asphalt mixture is more affected by water vapor diffusion.

Key words: asphalt pavement; water vapor diffusion;

porosity; temperature; diffusivity
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Tab.1 Aggregate gradation of different asphalt

mixtures
1 ANE] 7 I 2%/ 0
AL A /mm T AN R LA 5T B AR V6
VV7% VV17% VV24%

16 100.0 100.0 100.0

13.2 100. 0 100.0 95.0

9.5 76.5 68.0 70.0
4.75 53.0 28.0 21.0
2.36 37.0 16.0 16.0
1.18 26.5 12.0 12.0

0.6 19.0 8.0 9.5

0.3 10.0 6.0 7.5
0.15 5.0 5.0 5.5
0.075 5.0 5.0 4.0
A/ % 5.0 4.93 4.61
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Tab. 2 Saturated vapor pressure at different tem-
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25 3169.0
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40 7381.4
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Tab. 3 Fitting parameters of water vapor diffusion

penetration
AR 25C 30C 40°C
Ak
3@%1‘1 K W W W W8 W8 W8 R 1

1 2 3 1 2 3 1 2 3
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VV17% 0.996 0. 997 0. 997 0. 997 0. 997 0. 997 1. 000 0. 998 0. 998
VV24% 0.999 0.999 0. 998 0. 999 0.998 0. 998 0. 994 0. 998 0. 999
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Tab.4 Coefficient of variation of penetration rate
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Fig. 4 Increasing rate of penetration rate per unit
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T HAEF R 5 EYE p(H N 0. 050 4, p=>0. 05, H Tl
JE 525 BRI S BAE IR p(H5 0. 05 353, 28 HAE
FHXT 8 2R 500 52 w2 A FLA I S e e T i — 2
3R

SR SPSS #4474 1) LSD HLAe G 5605 1 b 2
B I B 1 28 BAE FH R AT T iE— 20 10 B B PR
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*5 AEEZETHIHRE
Tab. 5 Diffusivity at different factors

¥, 27 WA EREANR S BR T YRR
P LLA ) 25 5 [ 1R R 25°CHT, 7% 25 B 2R

Rahen e R TRGERETRRHOERI 1700 2 R 05 HOR B0 9 e p—0. 132>
Wy = mm~s mm-s s
. 0610 0. 05,11 7% 25 BRI 24 % 25 BRR T WP B R 500y
25 2 0.636 0.658 2 EPE p=0. 011<C0. 05, X FHILE 25°CHY, 7% =5
E— BRI 249 28 B T Y OGRS SR 2 5
V7% 30 2 0.419 0.562 JFH 24% SR T WY BARBE R, HEERE
> o y 30°CHL A0CHT LR 22 R T BHUR By 3%
40 2 1.884 1. 409 P p EHII/NTF0.05, X FIFE 30°CE 40CIRE T,
. AT 25 R P LA, O R RO AP i 22
25 2 1.151 1211 5o AN, IR A0CH AR 2 P BUR YL
— ST 2 9 25V p (/N T 0. 01,3
VV17% 30 2 2,026 1.843 A I B g, 2 BRI IR A R B R B 5
s L
40 2 2. 397 2,804 ORI TR RNTY T HIRS
i’ f;gi B, 25°CHI30°C T I B R B L E M p KT
25 2 1.696 1.647 0. 05, NMFAEGTT24 25 5 5 1 25°C I 40°C al 30°C AN
? é ‘ié 40°CF WP 8 R B0 2 p (/0T 0. 05, 7 7E
VV24% 30 2 2,579 2. 642 GuiterER . XERMREZEBR, iH RGN
'“;’ Z (1;&1%2 PR R L [RRE XA B 17 %0 1Y
40 2 1,797 4,044 WIEIRARL, 25°CHI 30°CF I BUR B P p
3 3. 726 KF0. 05, NMEFEG T2 22 55 1 25°CAI 40°Cal 30°C
K6 FESWER FAOCTF B 1 R B B 3 p (H /T 0. 05,47
Tab. 6 Results of variance analysis G225 ST 24% W5 IR &k,
JFERIE MIVIIR AW B F REE AL 2MNMRE T M IR AR ECR B B
P a6 o avm mao o PTEVNTO0.05 (RGBS A
TP 2.145 4053 2.921  0.0504 N, REZEFXTTEIRA RSP HR B I ik
=2 3,304 18 0 184 e
®7 BEBETXEMEARITLLKRER
Tab. 7 Pairwise comparison results of interaction at fixed temperature
S{FHY 957 B
WEESC R/ RHEABER/Y TBEAME bRRE B Peffy 9574 Bl
TR TR
7 17 —0.552 0.350 0.132 1,287 0.183
7 24 —0.989" 0.350 0.011 —1.724 —0.254
. 17 7 0.552 0.350 0.132 —0.183 1.287
8 17 24 —0.436 0.350 0.228 —1.171 0. 299
24 7 0.989" 0.350 0.011 0. 254 1.724
24 17 0.436 0.350 0.228 —0.299 1.171
7 17 —1.281° 0.350 0.002 —2.016 —0.546
7 24 —2.080° 0.350 0 —2.815 —1.345
2 17 7 1,281 0.350 0.002 0.546 2.016
17 24 —0.799" 0.350 0.035 —1.534 —0.064
24 7 2.080° 0.350 0 1.345 2.815
24 17 0.799° 0.350 0.035 0. 064 1.534
7 17 —1.304° 0.350 0.001 —2.129 —0.659
0 7 24 —2.635" 0.350 0 —3.370 —1.900
17 7 1.394° 0.350 0.001 0.659 2.129
17 24 —1.241° 0.350 0.002 —1.976 —0. 506
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FAHM 95% B IEIX A
WEESC ASBUR/% XSSER/Y EEEE A [T -
TR I
24 7 2.635" 0. 350 0 1. 900 3. 370
24 17 1.241° 0. 350 0.002 0. 506 1.976

T R I 2R B E MK/ T 0.05, BAT B

*8 EEZFBRETLZEMERAMIILRER
Tab. 8 Pairwise comparison results of interaction

at fixed porosity

¢ 0/ mEf2
SO IR P R BE ey
Eo el el i e b
w4 ECOEC L BE M
25 30 0.096 0.350 0.787 —0.639 0.831
25 40 —0.751" 0.350 0.046 —1.486 —0.016
7 30 25 —0.096 0.350 0.787 —0.831 0.639
30 40  —0.847" 0.350 0.026 —1.582 —0.112
40 25 0.751" 0.350 0.046 0.016 1. 486
40 30 0.847° 0.350 0.026 0.112 1.582
25 30 —0.633 0.350 0.087 —1.368 0.102
25 40  —1.593" 0.350 0 —2.328 —0.858
17 30 25 0.633 0.350 0.087 —0.102 1.368
30 40 —0.960" 0.350 0.013 —1.695 —0.225
40 25 1.593" 0.350 0.000 0.858 2. 328
40 30 0.960" 0.350 0.013 0.225 1. 695
25 30 —0.995" 0.350 0.011 —1.730 —0.260
25 40 —2.397° 0.350 O —3.132 —1.662
94 30 25 0.995" 0.350 0.011 0.260 1.730
30 40 —1.402" 0.350 0.001 —2.137 —0.667
40 25 2.397° 0.350 0O 1.662 3.132
40 30 1.402° 0.350 0.001 0.667 2.137

T R 2R B E MK/ T 0.05, HA 3%
=

g5 b s BN X KRR IR A Y
BUARKURSEMAAE 0. 05 IRV A BE MR, PIE
S EAE XS ACQRAE I TR AR B R B2
Wit ZERAR T ol BEB R, 28 BRI T TR AR
R IR )2 T 08 5 5 s RO, T X T
R ARHAY HOR B e R 3% . X5 181 5
5 MER— B B R, 28 BRASGBUR , KR HL
FRAdBOR
3 Hig
FET @ BRI HORE , 5T 7 A R EE XS
TR 2 B AR R 7 TR AR K IR B T o B R 3
PRI R 1 SRS, AT A LU T 4518

(1) ZEBRAJE R AE K P BOER A N, D175 1R
FORHI 2 BURR/NIE T HA HGE R A R R, 25 B
SRR, RV RARIELE Tt REARATFH i O3 R AL

R EEESNA IR A R R ERE T3 RUR BN L FR R
(AR S BR A A S I R SR, T et B2, 7
ES G ZRE IR 27 )

(2) i BBy, K o T iz sl 21, 7K r 1 B4
Ty WA 2325, 18X F AR BUR B b s 25 B
MR, KRG B RO, KRS TR B R fih i A
R IK R AR OR

(3) XUH 2R 7 2 73 Hr 45 R s 22 B 3 R i o
IKEAEDIH IR AR B oA F MR, B
FAAE—E B HAR I, R i, 28 BR AR K P B
(15 Ml i 255 5 2 L3Ry SR E R 7R B 52
M 91 5

{EZ STk A -

MRS KT IR SR TT R G
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B B SRS S, S8R T S 1 SO
M5 AR
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