554 F5 5 W WO R AR (H SRR W) Vol. 54 No. 5
2026 49 A Journal of Hohai University ( Natural Sciences) Sep. 2026

DOI:; 10. 3876/j. issn. 1000 - 1980. 2026. 05. 014

BRMEFHKIMETHTESANERENMBIREHAR
=k, 72 RKE,FE BN & itET
(1. SR R e T 52005 2. BBl T Sl A A )

HE., ARRENBRERFRAFELE RS RAFETHHRA ML, B ABEM KBS HFH
1448 % % RIEHE R T AH-T70 % F SBS i H Ao AR I F i oA 09 3 Ab 5% B R AR £ B K IR,
LREW . BEDHRGADEIE FHRIHFIE L2 LS HRERTALEFTLEETEFRY &,
FHRBERAE R R EH K AH-70 I F o4 R @) & 5 R M a3k, #oK 3 F 2 75 20 W) e B SLIER 4
B s AH-70 oAt E 20% 3 P FRBHAR20d ERESEEREES N TH4.6%5
57.8% ,#h KVEER )G W T I 56. 1% 5 69. 4% , 7 SBS i H 5 AR Fri o AHR I 4569 4 MAs e
WAt Z0M ; 2 R R BRI S T IR R ERAE R R B 38 0 F ik e At ik i 0 A A AR AR R
HMRBRGOEARBES RIS, R BEFOREERF BHHE,

AT AR PO A S KB IR TR R AR AR R I BT B AR X ok
FES RS . U414.7 XEkARARRD: A X E S 1000 - 1980(2026)05 - 0121 - 08

Experimental study on direct tensile properties of asphalt mixtures under salt
erosion and dynamic water conditions

Yao Yunlong', Hu Jian' , Zhan Bingyang’, Li Hao’, Liu Xin', Hong Baoning'
(1. State Key Laboratory of Precision Blasting, Hohai University; 2. Foshan Transportation Science and Technology Co. , Lid. )

Abstract: To investigate the crack resistance of typical asphalt mixtures under salt erosion and dynamic water conditions, direct tensile
tests combined with the digital image correlation ( DIC) method were conducted to examine the tensile strength evolution and principal
strain field development of AH-70, SBS-modified, and rubber-modified asphalt mixtures. The results show that all the mixtures
exhibited ductile failure characteristics, with cracks mostly initiating at the binder-aggregate interface and propagating along the strain
concentration zones. Dynamic water cycling markedly induced interfacial stripping and moisture damage in the AH-70 asphalt mixture,
whereas static saline dry-wet cycling further exacerbated pore expansion. After 20 d of dry-wet cycling in a 20% salt solution, the
tensile strength and strain energy density of the AH-70 asphalt mixture decreased by 41.6% and 57. 8%, respectively, and these
values decreased by 56. 1% and 69. 4% after dynamic water cycling. In contrast, the SBS- and rubber-modified asphalt mixtures
showed superior structural stability and durability. High salinity and dry-wet cycling jointly weakened the toughness of the asphalt
mixtures. However, owing to its excellent viscoelasticity, rubber-modified asphalt retained a higher residual strength and energy
absorption capacity, exhibiting notable advantages in crack and stripping resistance.

Key words: asphalt mixture; modified asphalt; dynamic water cycling; dry-wet cycling; direct tensile test; digital image correlation
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IR B Wi TF 230024 AH-70 S SCHEIE A7 il 5 (LAR fFR“ AH-70 W75 ) (SBS Btk 5 (LA T i
FRSBS i) AR e te i 5 (LA R iR “ i), £1 FEEAMEEGSRBRESR
Wi HAMEREAKHE JTC E20—2011 ( KN TR T W Table 1 Basic performance indicators and test
TRABHAE AR ) W, HAATIEA R ARIEIRLL JTG F40— results of asphalt
2004 2> - T 5 TAI T 15 AR ) S5 A DG 156 ML A Wit A /mm WALA/C R /em
ARESRAERFNIRUE, Bk i s tEREFE bR R 1 s, ano v 6.7 473 27.5
IR AE RIS F bR SBS Ui T 3.3 77.0 20.2

I 5.0 78.0 21.5

IR AR R 5 ~ 10 mm (FELEA ) 3 ~5 mm (#
S 0~ 3 mm (FIE) 3 BY B4 Rt TEA R AR . I JTG 3432—2004( 2> s T R4 RHR
SRR ) ) XTI By BEA T 23, A5 R LR 2,

x2 ERETHHELSREER
Table 2 Sieve analysis results of aggregates and mineral filler

3 3 AN R PR T 75 LI B B it o5 L/ 9%

ki 13.2mm 9.5 mm 4.75 mm 2.36 mm 1. 18 mm 0. 6 mm 0.3 mm 0. 15 mm 0. 075 mm
5~10 mm WELRA 100 97.16 2.87 1.72 1.68 1.64 1.61 1.55 1.48
3~5mm MGt 100 100 44.53 0.67 0.56 0.54 0.52 0.51 0.49

Yy e 100 100 100 89.20 57.70 36. 50 20. 20 11.40 6.10

R 100 100 100 100 100 99. 50 97.80 89. 80 83.00
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2011 2 % TAR T S5 1R G BRI MU ) X S BRI P EA T AR SCPERESE P I, 13845 1 AH-70 Y575 11
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PRI RO TR R 2R
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SOV BLIE R R A A A A, DT S 36T 307 7 TR 5 ek PRS0 114 80 7 o Bl 1§t ) 490 42 2 £ 1 8 L B K e
AR

MIST RN T B & T3 B0, B 20 ~40°C 4K (8% 5%2h K ) 58 488 w5l i 25 10 s 76 K 28R
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1 40Psi(0. 276 MPa) , i B R ECH 3500 ¥, 21 THTK 20 6. 4 b JEIRLE A FTHFHEK I8, HESE N EB K 43
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SRR 3 R o 5 0 ke 2 ) A G, SR P v e B R M R 2 R 0 TR A R S
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UGS A BRER A ) 2%, FH T S22 # 5 SR L W [R5 i o I8 B0 . OF S ar il e
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R0 T SR A IR WA 2 A IR R S IR T R A L 0 I S hRifE 2 . ILAh, FURAERL
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Fig.1 Morphological changes on the side surfaces of asphalt mixture specimens after salt erosion
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Fig.2 Principal strain contour maps of various asphalt mixture specimens during the direct tensile test
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Fig.3 Variation of principal strain at characteristic points on the binder-aggregate interface and within aggregates
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Fig. 4 Effect of static saline dry-wet cycling on the direct tensile strength and strain energy density of asphalt mixtures
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JA Y 0. 421 MPa, Fi[% £ s KGR 5 A 0. 322 MPa, T R#IL 56. 1% FEL T & , SBS W1 75 FIAZ I I 75 1R & k)
SREE MR 15. 8% 12. 9% , Ui B P 7 b AH-70 W55 55 REA S0 K B 142l . B 5 5 1R & k2
SUKTEIR AN, 4B SBS S DM et 7E 04 Jr A ERE Rl i, B8 48 T+ T HUKBAE T
g EEESUKEE ISR

12 8
= 1.0 ~ Tr
= £ 6r
# 0.8 i‘, 5F
o o,
%06 ﬁ:
=04 &= 3r
o Bl o,
T 0.2 =il
0 ) : |
AH-70 SBS B AH-70 SBS I
TR AR Ui R R
(a) BLEERIMHIREE (b)) PSR

5 FKERMMERMHEBTREMERNMEESNTREENM

Fig.5 Effect of dynamic water cycling on the direct tensile strength and strain energy density of asphalt mixtures
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