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Abstract

To address the temperature-induced cracks in asphalt pavements under extreme temperature dif-
ferences (annual diurnal variation > 15°C, extreme low temperature -30°C) in Xinjiang, this study
systematically investigated the effects of steel fibers, polypropylene fibers, and basalt fibers on the
crackresistance of large-stone asphalt mixtures (NMAS = 53 mm, ATB-50 and ATB-30) through sem-
icircular bending (SCB) and low-temperature splitting tests. Results show that steel fibers
(0.1%~0.3% dosage) significantly improve fracture energy and low-temperature fatigue failure
strain. For ATB-50, the fracture energy increased from 3.70 J/m?2 (non-fiber) to 4.20 J/m2 (0.3%
steel fiber), and the low-temperature failure strain rose from 2950 pe to 3300 pe. Polypropylene
and basalt fibers enhanced fracture energy by 5.4% and 8.1%, respectively, but with limited low-
temperature improvements. When the asphalt-aggregate ratio increased from 3.0% to 3.8%, the
low-temperature failure strain of steel fiber-reinforced ATB-50 increased by 6.5% (3100 — 3300
ne). A “fiber selection based on needs” strategy was proposed: steel fibers for heavy-duty pavements
in northern Xinjiang (cold regions), basalt fibers for high-temperature arid areas in eastern Xin-
jiang, and polypropylene fibers for low-cost rural roads in southern Xinjiang. This study provides a
theoretical foundation for designing asphalt mixtures in extreme temperature variation zones.
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Table 1. Technical properties of asphalt
=1L ORERARMR

5T H MEE HyaE R
EFNFE(25°C, 100 g, 5 5) 95 80~100 T0604-2011
BN FEFR % PI -1.2 —1.5~+1.0 T0604-2011
15°CHESE 1153 cm >100 cm T0605-2011
AR (A BRE) 47C >45 T0606-2011
60°C 3l JIHL BE 168.3 Pa-s >160 Pas T0620-2000
TR 2% <2.2% T0615-2011
N 325C >245°C T0611-2011
BIRE (AT 99.8% >99.5% T0607-2011
EE(15°C) 0.97g/cm? SETE T0603-2011
(2) HER
FHARRLE H 2 aUaE A, BORTERR W& 2.
Table 2. Technical properties of coarse aggregate
2. HHERHIARMR
‘ N HIA FRLAR (mm ) A2 B AR SR FR 0 52 (E w ‘
AR5 H i I8 72
37.5~53 19~37.5  9.5~19  4.75~9.5 2.36~4.75
B FrRBIORL 2 2(%) 33 7.3 13.8 112 — <15  T0312-2005
W 7K (%) 0.831 1.052 1.532 1.583 1.912 <2.0  T0304-2024
JEREAE (%) 16.7 <26  T0316-2024
FEFEAE (%) 215 <28  T0317-2005
WX [ (%) 4.4 <12 T0314-2025
BA S E(%) 0.9 <3 T0320-2005
P R B (2R) 6 >4 T0616-1993
(QRES
HERRLIE FH 2 A ML, HoRIE R WA 3.
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Table 3. Technical properties of fine aggregate
3. AERHRIARM R

5T H MEE HyeE R
FEMARXT 5 P 2737 >2.5 T0328-2005
TREPECKT 0.3 mm E#B43) (%) — <12 T0340-2024
. F ¥ fE (g/ke) 3.4 <25 T0349-2005
AR BN ) (s) 412 >30 T0345-2005
@) 8
Wk A BCET K, BORTEIR WL 4.
Table 4. Technical properties of mineral filler
4. WHEARMR
ST H SEAE HyaE L SARTS
FAAE RS 2 2.681 >2.5 T0352-2024
SRR R 0.59 <1 T0353-2000
(5) A4
WAFYE. TEM A AR % BCA AR AR TR S Z 5 P,
Table 5. Fiber parameters
=5 AHESH
ZH LY R4 LA
W (g/em?) 7.8 0.91 2.65
PUHi 58 (MPa) >1000 >350 >2000
FME & (GPa) 200 3.5 70
Wr AL 2 (%) 1.5~2.0 15~20 2.5~3.0
Y& 55/ AL E.(°C) 1400 (J5 55) 160 (1% ) 600 (AL )
MK R E(x107%/°C) 11.7 150 8.0
i A % e I
T A (TR AL 3 e .
i 45 41 2k MG 22 =)) F(FPIEAT) e

22. R

2.2.1. &EiEE
AT LU KRR VR S RN %, e W& 6.

Table 6. Gradation of ATB-50 mixture
F 6. ATB-50 SE A RHRED

fiii LR~ (mm) 53 37.5 19 9.5 4.75 2.36 1.18

0.3 0.15 0.075

I 2 (%) 100 75~85  60~70  40~50  30~38  22~28 14~22

7~13 5~10 3~6
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R R RLAR I 75 VR AR RS0 A48 SCB RIS AR 2 #hEs . X T SCB 4, AWFFAE ©200 mm
x 160 mm R IERE_EREATIIE], SR VIEEEEAE 100 mm, JEE 60 mm (12 BHRE . 5 FRR TR0,
%7 60 mm x 65 mm x 280 mm HJ/NEERA R~} A1 260 mm RGBSR . RIILE N-15C, PR
N 459 50 mm/min. ZZRCERALFE ATB-30 A1 ATB-50 BFFZRAEC, A ELSE— N 3.4%.

SHEIMHETT[6] (7], AR BN 2% 2 ECE YL RNIR A 4E, B2 HE R 0.1%.
0.2%AM1 0.3%, KL 18mm. A, FEHLYEN]% 6 MR A SCB ik, 3 MERIAM), 312
HERTHRA), ot 72 M EIRBCE 24 h 5L, 1S CHEIRAE ORI 12 h (KI5 H) .
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3.1. ¥ETHIAE

3.1.1. FEALALBFN

[ AT L 3.4%, P45 R 0.1%, DILAF4EkA, RN EL 48257 ATB-50 f1 ATB-30 WiZdaEAr
R B 1 T, B LT 43R A8 1k, ATB-30 £ ATB-50 (1)2{ 8125 fh 72 g 52 30 L A 9] (a3
WEFYETE ATB-30 F1 ATB-50 R IME AR E, ATB-50 FIBiZEEEN 3.90 I/m?, =T ATB-30 [ 3.75
Jm?, BN AN YE RO TR A RPN . RGN R ILECSS, ATB-50 [BIEE 3.50 J/m? &
ZKT ATB-30 1) 3.60 J/m?, R ZEWIHLAERTPTE RMER AR . Zola R4S 4t 1 3& B2 13 7t
ATB-50 W68 N 3.70 J/m?, BT ATB-30 [ 3.651/m?, {ERUNANAT4E 52 . I b, WAF4ErsniulE
AR, G 2O IR A B PIEABURTERE, RS4RI DTiREDN, R ECE AR 4R 11
e Re R T HNLBAE T, AMZF 4RI B s At B U hr s BN %08, BeA RO B R ST R
g RGN X EUA A4 BRI A RGBT, (Rl T 5IE MR s A58, Homack
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Figure 1. Effect of fiber type on fracture energy
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3.1.2. FEIF4EENFM

] 52 A B 3.4%, AF4EBE 0.2%, 0.3%, BA4ERA . B9 Rl AR 4845 8% ATB-50 Al ATB-
30 W R AR o L. AR ] 2 s, BEE LT 4R R 0.2%38 M%) 0.3%, ATB-30 F1 ATB-50 [ 5 25
M 2 BE X4 BT T, oL RAENAT 4E45 B8 N, ATB-50 MUBIZLEEM 3.80 J/m2 & T7H % 4.20 J/m?, &
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Figure 2. Effect of fiber dosage on fracture energy
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] 2 T 4E 5 5 0.1%, B N 3.0%F0 3.8%, RAAF4EZRAY . 53 AN [ 47 LX) ATB-50 Al
ATB-30 WrEae b n i Bl M4 &1 3 Bl 7 i, B A EL AN 3.0% 3 nF 3.7%, ATB-30 #1 ATB-50 ]
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Figure 3. Effect of asphalt-aggregate ratio on fracture energy
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3.2. (RIRBRAE

3.2.1. FEIAL LB HFN

AT L 3.4%, P45 R 0.1%, DILAF4ERA ., BN EL 482575 ATB-50 1 ATB-30 iR %
TR AR AR N o AR ] 4 B, BEEI AT 4B N, ATB-30 1 ATB-50 HMRIELIE 57 i 38 B AR 1)
WEN R, JUHJE ATB-50, AW4F4E R 25 B IR R AR S 3250 pe, 1T ATB-30 [ 3150 pe, RIJENLT
YEfe 03 R SORME IR A EE T BRI RE . TR I 41 4E AN 2 sk 2R 4RI S T AR /N, ATB-50 AR
TR S5 R IR N AR 43 504 3100 pe AT 3100 pe, W& T ATB-30 f 3050 pe A1 3000 pe, i HY X B 21 2 XK
YRR SCEAE AR . B b, AT 4ERsaaiE Fsch B35, BeA SR m RPN, JLHAE ATB-50
R IR H .
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Figure 4. Effect of fiber type on low-temperature fatigue failure strain
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Figure 5. Effect of fiber dosage on low-temperature fatigue failure strain
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A L 3.4%, A4EBE 0.2%, 0.3%, BAERM. |5 5 ARG YES & ATB-50 fil ATB-
30 (IR ST A R AR B R B B . ARYE I 5 HdR T, BEEL4BEMN 0.2%HINF 0.3%, ATB-30 I
ATB-50 MRIRIE 57 B IR B A8 RN e ds, JUHAEMA4ERIMER T, ATB-50 BRI I 57 iR 3 A8
M 5(a) 3200 pe $ETFEIE 5(b)H) 3300 pe, 1 ATB-30 FIARALIREER /N . IX R BN LT 4 AERIR A R
TEW TIREG R PIRIERE, R MORERAY . RN X A A4 B R PR THIKIR
PEFTVERE, (RIRFHIRRERUN, FEARAE 03%BE N, BB TLE, RPMRIRNEA 2 LS4
IR AL .

3.2.3. ARMAHEFMm

[ LT 4B 0.1%, BIMA N 3.0%8 3.8%, BILLF4EH. & 6 NAFMA X ATB-50 il
ATB-30 IG5 57 Al IR S AR AR o e ] o A4 PR e itts , B il EL AN 3.0%9 N3] 3.8%, ATB-30 11 ATB-
50 PIRHRIE 55 BN LS 3 il iy, JCHAEANAF4EIB T, ATB-50 HIRIRIE 57 B8 B2 AZ M 3100 pe $i
F+% 3200 px, 1fi ATB-30 FIARLIEFER/N . IS 0.2%I0 /2 0.3%LF 4E 158, MAF4E5] AR E i s
TARRSIRERE, JUHAE ATB-50 1, ANAF4EMBUR BN TR . R 4R 2 0Ua A4 /SRR THIK
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Figure 6. Effect of asphalt-aggregate ratio on low-temperature fatigue failure strain
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Table 7. Feasibility analysis
F 7. ATHEDR

2NV MR BRAHE EMIEIE

K OWEL D S L R ) " kgl 0
PLf4E  3.40% 3300 45 ?—B’E;ﬁ:ﬁﬁ m ggigﬁgﬂ% TR 4500 Jo/t 68%:)% 32.50%
Eif‘zf 3.40% 3200 3.8 ;*jgg@ﬁﬁggﬁ&gﬁﬂa TR 3200 501 15?;})% 0.50%
%fg,f 3.40% 3100 4.1 if&;iﬁg%ﬁfﬁgﬁ@%?% B 6500 76t 38?;2‘)% 12.50%
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FEFRIL, PR RIERLLTYE R B TR ELTC T 4l B, (IR PEREAS BRI, W& 7, HLF
HECHIA EL 3. 4%) ARG T R EERRIRIERE, HARIR B 2R N A MU 25 i TSR RE A BBk, S T
BRGSO L L [X S 1L DX PR e 4 B AT T . R ET4E AR P RESETT BAREN, (EHE
)L %(0.5%), 3E A TBTsE R AU AR 2 A itk XA LT AEIRVERESTT N 7%, EAEHT
R A B R T P XA A AR U, HAGE TS IRIE T (12.5%) . MECTICEF4EMRL, BT 2R 4R iRt
TR T H AR RIEDURIERE, R IR T MBI TSt 1 4 AL S

5. &t

(1) L4 R ERTHHURMERE, HX ATB-50 H 3R AL, B 0.3% 4T 4Enl 8 ATB-50 154 A8
M 3.70 J/m? (i HRZH) 3R TE 2 4.20 J/m? (+13.5%), ARIRIE 57 SRR AR A 2950 pe 39 4 3300 pe (+11.9%),
e R R T A B RSl SR A N R I A S R G

(2) RN YES Z A AR THA I, (H ARSI FOER M. RABLT4EIB R 0.3%) 8
ATt 5.4% (3.5 - 3.7 Jm?), EHTHEMATIKT 1% HES N AR XRETYEEBE 0.3%)H
HEEPET 8.1% (3.5 — 3.8 J/m?), i il 55 HUEE AR 1T 2 AR 58T 2 X S M Rl 36 75 oK

(3) WA LA AT B R G s AT AE e SR . 4 LU 3.0%38 & 3.8%IN, ENZF4EHE 58 ) ATB-50 fi%
TR R AZERTE 6.5% (3100 — 3300 pe), K HIHE ST BRI & & AT G2 i f AR B 2R I N g B v

(4) R SR - PERE - APF7 SR RIS . EFXTHTEE IR 2 XAFIE: LB X ERMRE <
=20°C) LML 4 7 ATB-50, ARiEmim TR X(HFE >45C)E X iUa A4 SR G R, FFsRIEIX
(7 < 10°C)n] R FH S A ARG 7 & .

ELmAB
BEARF MR AT RI(B231017008).
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