16

kB IREFFHRCHARHF R)

2021 4 6 A

L5]

L6]

(7]

(8]

(9]

(10]

20, 4 30 Al A Ik s 19 kA AR BN

BrLT] P 2250 6 . 2016 (35) £ 48-50.

WANG Hong-ru. In 30 sponge cities nationwide 19

cities have waterlogged this year[]]. China Economic

Weekly,2016(35) :48-50.

XU bR, EL . = R R A A R PR AR b e

RO LT, A Bk, 2017(5) ( 12-14.

LIU Shi-lin, MA Na. "The 13th five-year plan" China's

urbanization will still maintain a medium-high-speed

growth[ ]J]. China Construction Information Technol-

ogy,2017(5): 12-14.

Tt BRHOI . 2R 77 . 55 K I [ 5 B B TR gt 4 BAA

F RS B E A KK, 2009,25(20) :12-17.

CHE Wu.LYU Fang-fang. LI Jun-qi. ct al. Typical

stormwater management system in developed coun-

tries and its enlightenment [ J ]. China Water &

Wastewater,2009,25(20) :12-17.

Mgl N2 L 55 W BT SR M AT Y 2838 [T .

Bl2Fim i, 2017.62(33) :3 873-3 884,

MEI Chao, LIU Jia-hong, WANG Hao, et al. A re-

view of urban design rainstorm research[J]. Science

Bulletin,2017,62(33) .3 873-3 884.

RF  ZEOR AR AL LT TR IH B T R N

SRS LE K 2% ¥ R 20 43 A [T . 2% FR 9K %, 2017, 36 (3)

251-258.

ZHU Ling,GONG Qiang.L.I Yang.et al. Comparison

of new and old rainstorm intensity formulas and

analysis of rainstorm patterns in Huludao City, Liao-

ning[J]. Heavy Rain Disaster,2017,36(3):251-258.
PR XM X L AF L B Il X R R R R
Ay E L] TS %,2016.34(1) :188-194.

[11]

[12]

[13]

[14]

HUAN Hai-jun, LIU Huan-bin, LIU Yan,et al. Re-
vising method of rainstorm intensity formula in
main urban in middle area of Shandong Province
[J]. Journal of Arid Meteorology,2016,34(1):188-
194.

TR 2% P 7 % T 2 2 A 9 B 0Tt % T R 2 F
FELDL # M - 4 MR 2. 2018,

XU Yu. Revision and design of the rainstorm inten-
sity formula of Taizhou City[ D]. Yangzhou: Yang-
zhou University,2018.

Boehy, T8 A 07 e, AL B WD T AR T 0 R N S i
HEX LT AL RH,2017,45(1) :86-90,106.
DUAN Yan-nan, WANG Yun, YANG Fang-yuan,
et al. Calculation and comparison of the rainstorm
intensity formula in Kunming [ J]. Meteorological
Science and Technology.2017,45(1) :86-90,106.
SCAEA B L T sk 2 RN T A I R BN R
TR F T 2 R B LT ] B AL A FilL 2016
29(22):134-135.

Al Zhi-sheng, HUANG Dian-nan. Research on the
derivation of storm formula based on the coupling
of historical formula and rainfall data in recent years
[J]. Science and Technology Pioneering Monthly.
2016,29(22) :134-135.

EFT 0 AR 5 T LR SR Y B R 5 E Y
ACHESR T IEOEFE L) ] K BT IR 5K TR 74k, 2019,
30(3):17-23.

LI Li, LENG Yi, HUANG Jun, et al. Research on
the method of deriving storm intensity formula
based on programming [ J]. Journal of Water Re-

sources and Water Engineering,2019.30(3) :17-23.



5 18 BH 2 KDPEIXFZFZHR(BAMFM) Vol. 18 No. 2
202146 H Journal of Changsha University of Science & Technology ( Natural Science) Jun. 2021

XEHES:1672—9331(2021)02—0017—09

I

K—mBAESEANERETTREEAERMNI I

Nl

TR EFLI, A
LT P A B2 T TR 1 46600052, 971 2 B TR B R S JEL AT B 71 i 64 450003
3. T S WL B R BB T K 450000)

& E: W% RA.PR.M M BRA 3 Fi s 26 700 0 7 1 G ek i F 1 8 i 52 el L Xh oK — IR A 7E T i T2

LR AC-13C Al AC-20C W Fh 28 R BL U0 5 1R & AR T THF5E . I BH L 28 280 s 300 L & 7KOoR RA 56
T S5 5 v X g A U I T 1) R TR T AR ROPE B LB OR 57 MERRIEAT TR Y . 45 SRR G G0 2 Y AH [

o0 0 R B R 2 K48 B 0 U TR AR R Il A RS e R R, FEAHF SR L AC-20C I F IR AR IR K F

K R RBE S KT AC-13C Wil IR AR, BB A RA & 2555 19 I 75 16 A L 0 0 8 Bt 42 Jichg o &

R . B 0 B A T v N 0 7 B WK R B KL U IR A B AC-13C Fil AC-20C Y 9% 57 75w #4947

JT 4 5 TEARR AR 7 454 L AC-13C W IR G R 55 B w K F AC-20C W F 1RGSR .

KR TOREE ;A SRR IR A B K — RS AR

FESES: U4l6. 17 MERARERD: A

Influence of water-temperature coupling on performance of

high modulus asphalt mixture

NING Yi', LI Wen-kai*, LIU Xiang-jie®
(1. Henan Zhongzhou Road and Bridge Construction Co. ,Ltd. »Zhoukou 466000 ,China;2. Henan Jiaoyuan Engineering
Technology Group Co. ,Ltd. ,Zhengzhou 450003, China; 3. Henan College of Transportation,Zhengzhou 450000 ,China)

Abstract: In order to study the influence of three kinds of high viscosity agents RA, PR. M
and BRA on the road performance of asphalt mixture, two kinds of dense-graded asphalt
mixtures AC-13C and AC-20C, which were commonly used in engineering, were researched
under the action of water-temperature coupling. The performance of high temperature anti-
rutting and anti-fatigue of high modulus asphalt pavement was studied from the aspects of
gradation type of mineral aggregate, high viscosity agent, moisture content, test tempera-
ture, etc. The research results show that when the gradation type is the same, the type and
content of high viscosity agent have little effect on the optimal oil-stone ratio of asphalt mix-
ture. Under the same conditions, the water absorption and high temperature anti-rutting of
AC-20C asphalt mixture are significantly greater than that of AC-13C asphalt mixture, and
the high temperature anti-rutting performance of asphalt mixture adding RA high viscosity

agent is the best as a whole. With the increase of test temperature., loading stress and water

%5 B H#1:2021-04-13
EE&TH: BFHFARRHES TR H (51408553) ;11 ff 4 T A RHE BRI H (152102210033)
BIMEE: 7T $Q981—), B, &% TN, EEMNEN B SH M T 7w . E-mail: 632596972@qq. com
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absorption, the fatigue lives of AC-13C and AC-20C asphalt mixtures are shortened. The

fatigue life of AC-13C asphalt mixture is longer than that of AC-20C asphalt mixture under

low temperature and low stress.

Key words: mineral aggregate gradation; oil-stone ratio; high modulus asphalt mixture;

water-temperature coupling; road performance
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BN R T, E T B I — Rl R 4
P2, HoMEBE A2 TR WK B 3 R R AR AR
FRREROE A TRy N B 4 TR =Ry = B 7 LN
EL AR N 508 B4, e R i 2 0 b
X 5 Ak 0, BB AN K W /E At 25 5 fili
Wi et WO EER TEE M T
KRS A7 G, S8 A0 A v Rk ) R I T 4 )=
A IR BT RRE 145, AT e W IR AR
2V RE AR i I T 45 A 2 00 IR T 4 RO e Rt
W 95 PERE L T K T Y A2 E A PR 1A B T AR
KEME S . REFFVTEMN AM R 5 & F )
B A% 35 N AN [7] i S 3 5%, Horp AM-1 B P
M2 WX, AM-2 BiE ] FA B 25 iR b
X VEFHLAE X AS [A] B 28 11 v 155 0 0 7 1R B Rt
sl FR B E IR T T HFSE N PR AR 45 10 T —
HARERBE R, ERIERET WA Superpave 34
% PP.HDPE 1 EVA 3 Fl i #5 & 2t ) & SBR
gl EZ PNEIR TN RIER Sy SR T O R TE A
I, S5 R R B TR A R R BT A e e
R PT R RE AR 8] T RIR ek . kS 550
15 0 7 S = BB A BN A R AT 4L sh
AR, 45 R R, W7 IR AR R BT
PEAE S Sl A R AR 8] T R o, Hob s iR
ERIMERERESR T 1.6 f% . XEHO KB EBA
FNRA B IEAT R UK E R, g5 R R,
BT TR AR B IS AR b X, A5k
Bl RALPR. M I BRA 3 FgE &/, £ %7 AC-13C
L AC-20C PIFP L IE 2 780, FF e R TR) 3 Ak i 4 OR
(7] 32 200 90 BT 907 5 VR G Rk 1 R K o M DL B [ i
B R R B0 R EE AN IR 2 7K S ) 30 7 VR S R
o T AR R B O S5 Mk R B B ST, O e A i
Wi T I T A A N B S SO

1 E#HSRES R

1.1 HE

W Tl SIS RT % T 235 4 1) 1 B B 3 TR M Y 1
. AW R 707 A 9008 B A Ih T E AT o
58, H EEH AR R A R I L 1.

K1 T0"ANRERL D HFEEHRIARRELER

Table 1  Test results of main technical indexes of

707 A grade road asphalt

3w H AR R KK
A (25 °C) /(0.1 mm) 60~80 72
ik ri/C =46.0 48.5
FEJE (5 em/min, 15 ‘C)/em =100 135
[N/ C =260 267
PN —1.5+1.0 —0.6
60 CBIJIFEEE/(Pa - o) =180 206
SR (GRIBR YD /% <2.2 1.6
AR % >99.5 99.9
AR/ % +0. 80 —0.14
RTFOT
‘ FEABELL (25 CH /% =61 67
Ja 5 &Y
FRERIEFE (10 °C)/cm =6 23
1.2 R

FEFIAE 100 C LA L il A R Sk,
RETRGF IS R BR A B IR S IR — i
FENE G RHLBE L % J S JCRETE IR A& R N R R
P T W) EAAE AT, AT RS R T B A
M IRG B R, AR A RAPR.M
Al BRA 3 FlgE 260 AC-13C F1 AC-20C 1 Fh I
HIRA BRI . Hp, PR.M
B EE R L BE AR 5 U T TR SR TR BT A BT A
PERE . TEPHRRAS 2] ) Z HE T s RA BER M IR & &
14 i SO RE VE  DUTT A2 77 LS 47 R R BE 1Y A1 KL s BRA AR
R KRR B F L R B PERe R
HAERMG 0 HYERE . 3 Frmzh A aniE 1 frs
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(a) PR. M

B 1
Fig. 1

1.3 EAHEHESERRAEER

ABFFERT AC-13C Fil AC-20C i Fh 2 1Y ()
FHIRG RO, HE k5 3~5.5~10,
10~15 F1 10~20 mm A K G WA, kR 0~
3 mm A B BHLETED OBk L 40 R S
AR A 5 NE = A R ISR /N T a1 1 3
ARBIEY(JTG F40—2004) PR, AC-13C Fl
AC-20C B RH U E B 3T 45 R W36 2, i OC B

(b) RA

(¢) BRA

REiE=F il

Diagrams of three kinds of high viscosity agents

fL 2. 36,4. 75 mm M BT i@ B 7% 5300 R 36. 1%,
39.7% .. TEWTHIRAGEHEA it a PR.M $Bi
I3 BIR 0.40%,0. 45 % 11 0. 50% ,RA B85 K
0.35%,0.40% H1 0.45%, BRA # & 7> % K
3.00%,3.50% Ml 4.00% ., 8 AN & & #H
AC-13C H1 AC-20C ¥ # & A Rk 89 5 Al £ b A
L AOR U 25 R WLk 3 FiIEk 4,

x2 FHBAERZKTLER

Table 2 Design results of aggregate gradation %
38 3 R F AL (mm) B9 BT & H 5%
KN AEA E=¥ill
19 16 13.2 9.5 4.75 2. 36 1.18 0.6 0.3 0.15  0.075
R 100.0  100.0  100.0  85.0 68.0 50.0 38.0 28.0 20. 0 15.0 8.0
AC-13C TR 100.0  100.0 90.0  68.0 38.0 24.0 15.0 10.0 7.0 5.0 4.0
HARES  100.0  100.0 94.6  75.7 54.0 36.1 28.6 19.7 14.1 9.3 6.1
R 100. 0 92.0 80.0  72.0 56. 0 44.0 33.0 24.0 17.0 13.0 7.0
AC-20C TR 90.0 78.0 62.0  50.0 26.0 16.0 12.0 8.0 5.0 4.0 3.0
HArgm  94.1 86. 4 72.3  63.4 39.7 29.0 21. 4 15.3 11.6 9.4 6.3
R3 AC13CHARASARMEDBILA LR RXELER
Table 3 Optimal oil-stone ratio and Marshall test results of AC-13C asphalt mixture
L 2K %1%@ LBR/ BERBUR 9 RN WEW R/ WE/
A/ % % R OBE/ 6 ME/% kN mm
A 4.7 4.5 2. 443 14.9 68.3 11.3 2.6
0.40%PR. M 4.7 4.6 2. 439 14. 8 69. 7 14.7 3.0
0.45%PR. M 1.8 4.4 2.436 14.7 67.4 15.0 3.2
0.50%PR. M 4.9 4.3 2. 434 14.6 68.5 15. 6 3.4
0.35%RA 4.7 4.6 2.436 14. 8 69.1 13.8 2.9
0.40%RA 4.8 4.5 2.432 14.9 68.5 14.3 3.1
0.45%RA 4.8 4.5 2. 435 14.8 68.0 15.5 3.2
3.00%BRA 4.7 4.6 2. 439 14. 6 67. 4 14. 2 3.1
3. 50 %/ BRA 4.8 4.5 2.436 14.5 68. 4 15.7 3.3
4,00% BRA 4.8 4.4 2. 437 14.4 67.9 16.1 3.6
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Table 4 Optimal oil-stone ratio and Marshall test results of AC-20C asphalt mixture

R FLEE/, BB

8] WEWR  REE/ W/

IR RS S S
A/ % % YEE OBE/ N ME/% kN mm
EHEAMIE 1.2 4.7 2. 456 13.9 67.6 12.5 2.4
0.40%PR. M 4.2 4.7 2. 452 14.1 68. 7 15.7 2.8
0.45%PR. M 4.3 4.8 2. 448 14.2 69. 4 15.9 3.0
0.50%PR. M 4.3 4.8 2. 446 14.3 68.3 16. 9 3.1
0.35%RA 4.2 4.7 2.454 13.9 69. 7 15.0 2.9
0.40%RA 4.3 4,9 2. 450 14.0 70. 3 15.6 3.1
0.45%RA 4.3 4.7 2. 451 13.8 70. 9 16.0 3.3
3. 00 %BRA 4.2 4.8 2.457 13.9 70. 6 15. 4 3.0
3.50 % BRA 4.3 4.9 2.453 14.3 71.0 16.0 3.1
4.00%BRA 4.4 4.7 2.451 13.8 71. 4 16. 6 3.4

2 MoKk Ie

AR Z BN TR EH U H IR S FHA
SHLFEY(JTG E20—2011) A B9 30 52 1 260 25 B 2R ik
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® 5
i
% 4 -
X 3 A ———4—4
= ——AC-13C T i 7
! ~+-AC-13C BRA
—=AC-20C BR
0 10 20 30 40 50 60 70 80 O

(a) 40 C/K ¥
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Fig. 2 Relation curves of water absorption capacity of asphalt mixture changing with immersion duration
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Fig. 3 Relation curves of water absorption of asphalt mixture changing with immersion duration
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Fig. 4 Dynamic stability test results under different

moisture content and rutting test temperatures
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Fig. 5 Dynamic stability test results under different

maintenance duration and rutting test temperatures
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Fig. 6 DBeam specimens
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Table 5 Test results of fatigue life of asphalt mixture mixed with RA

R IR WK 2N 0 B Wz 7K A 100 % i
o Ip 2 A . 1% H1
J£/C TNER I/ MPa S5 F A/ INEUY S/ MPa 3% 95 %6 /1K
0.2 180. 5 23 899 146. 3 16 909
15 0.4 361.0 8 097 292.6 5227
0.6 541.5 1 582 438.9 1 436
AC-20C
0.2 71.2 4 544 60. 7 3 454
40 0.4 142. 4 1 147 121.4 758
0.6 213.6 367 182.1 302
0.2 172. 4 26 703 179. 6 18 311
15 0.4 344.8 6 149 359.2 3316
0.6 517.2 1 248 538.8 792
AC-13C
0.2 69. 5 5 547 67.4 3 884
40 0.4 139.0 731 134.8 456
0.6 208. 5 231 202.2 127

AT AR 5~7 ALAL IR BE 0N 7 L oK
F R BT AC-13C Al AC-20C iR IR
GBI 57 Far A AR R RS2, il AR R 0 IR B 1Y
T RN 7 FE K B BER RR D  TR AR
(9% 55 F5An S0 BT 46 . W T — P R 4
¥ )2 5 BT R MRt Sy 66 itk AR L% 55 P 8 % Ui BE
BHUR . MIRETE I 07 R e ox KR4 4. Bl

FHIRIZWT R BA PR M Wi IR A RHR 9% 55 7 6
T REH /N T 40518 A RALBRA Wi IR G RN .
15 40 “CIER MR B A 3 Fhm #5000 5 R4
A 55 7 i A 22 ARG e 15 CIlIR 4~ B A
PR. M IR AR I 05 75 e fc A . PR E R IC
FAWS AR ARV ST AC13C FIRG
BHGE 95 A T AC-20C Wit IR A RHY
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Table 6 Test results of fatigue life of asphalt mixture mixed with PR. M

R KA 0 1) WK R 100 Yo B
o LR ] w77 H
B/ AR 71/ MPa 995 6w/ TR A/ MPa 9% %5 %6 /K
0.2 175. 4 21 010 137.6 13 724
15 0.4 350. 8 5715 275.2 3 950
0.6 526. 2 1 087 412.8 924
AC-20C
0.2 81.7 5739 76.1 4 088
40 0.4 163.4 1 405 152. 2 958
0.6 245.1 504 228.3 395
0.2 157.9 22 712 165.1 14 701
15 0.4 315.8 4 700 330.2 2 480
. 0.6 473.7 824 495.3 592
AC-13C
0.2 84.3 5 816 76.8 4 216
40 0.4 168. 6 1158 153.6 791
0.6 252.9 415 230. 4 366
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Table 7 Test results of fatigue life of asphalt mixture mixed with BRA

e WG K%K 0 B % K % g 100 % i)
o9 i 2 ] 7 H
B/ AR 1/ MPa $E 95 A6/ R A/ MPa 9% %5 %6 /K
0.2 181.9 25 231 151.7 15 794
15 0.4 363.8 6 920 303. 4 5227
0.6 545.7 1 084 455.1 825
AC-20C
0.2 66. 0 4 717 55.2 3 155
40 0.4 132.0 956 110.4 630
0.6 198.0 437 165. 6 268
0.2 176. 6 25 840 186. 1 16 711
15 0.4 353.2 5 682 372.2 3119
. 0.6 529. 8 724 558. 3 592
AC-13C
0.2 51.4 4 845 45.7 3 817
40 0.4 102.8 797 91.4 586
0.6 154. 2 331 137.1 201

o 75 TR R R A H B R KL TR ) 4%
5 it PR L 2 3 K I D 1 8K 005 75 TR A R K
W% K TR Al i e — B, (HL 1 6 L B O IR A

ABFGE I X B A 3 Rl R AC-13C T Ly BBk, WK R/ . AC-20C Y 7 IR A

AC-20C IHFIR A RHEATE & it I8 X Hok — R % KB Bk T AC-13C WH RS R, B
AT T 00K B BT HOR IO I P RE A 200 U597 18 4 K% 3k 040 AIR 75 7 45 69 B
HEATHESE A5 DL T 4598 . WK

1) LGRS R, 5 P K K95 2) HE AR 26 P F 45 K R i 0
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