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Abstract: This paper aimed to investigate the reinforcement effects of basalt fiber, polyester fiber, and lignin
fiber on semi-flexible pavement materials and study their applicability in different structural layers. The
optimum bitumen-aggregate ratio under different fiber dosages was determined through the leakage test and
dispersion test, and the optimum fiber dosage was determined through the Marshall test. The fiber
reinforcement effect was evaluated through the Marshall test, rutting test, low-temperature bending test, freeze-
thaw splitting test, and splitting fatigue test. A three-dimensional finite element model was established by using
ABAQUS software to analyze the mechanical response of semi-flexible materials in different structural layers.
The results show that basalt fiber, polyester fiber, and lignin fiber all improve the road performance of semi-
flexible materials, with basalt fiber demonstrating a significant reinforcement effect in semi-flexible pavement
materials. The semi-flexible materials have the best application effect in the upper and middle layers, which can
improve the durability of pavement structures, effectively delay pavement fatigue damage, and enhance rut
resistance, and they are particularly suitable for heavy-duty road sections and high-temperature environments.

Keywords: basalt fiber; semi-flexible pavement material; finite element model; road performance

0 7= T T I T 46 R A2 B DG TE o P SRR B TN S S
- TR S T I T A OE AR AR SR T A% H Y Bk

WA T S T A B B AN T e GE BRI B HA BRI AR R E . T — PR

Jo A R A O SGTE AR . K TRTRBE LA T PR E A P RE T AE M SR B R N am ik o 27 4E
T BE 1 T8 A 0 R T0F EE v, P SRR TR O — B SR S ST T AR PR DU 57 M RO AR B T

75 H H#3:2024-12-10(f& i)

BB JLHA IR CH SRR I 4) 0 H (4655 : BK20220419) 5 1 7 45 28l B0 H (455 :202111)
EEB N IVEI B W50 E E-mail:927909158@qq.com

*BEEE: T2, % 1+, #82 E-mail: seuwhc@126.com



%24

INFER,F AR R R AR 107

TET 2 B0 M W O A, o 0 4R T I 04 A A
GeEHAREREE L.

ARk [ P A X B T £ 2 38 G A ST A T
—E B Kim S E D E RS P B ARKE
M R e e fik e 4t R a5 R, 55w
TR BE A 1 AR EL £ 2 14 58 I TR RE A0 ML P BE
3T W B s Klinsky 71 4 LA 58 6 BA , £F 4
o TR A R R B A A 1 B AR M B s Mohammed
R R R I B G T O TR i L
Enieb %0 5% 3 B, BE RS 27 4 0 5m  75 IR A BL A
S8 1K P A ARORE 0 v TR AR A S 9% 95 T
GELE | [ RE 7 4 8 R 2 Akt 0 2% A 1 # 5 Luo 45
T A O B E B R R A R ke = i
BiHe g 25 A B T IR A OB AY & K MR8 5 Slebi-
Acevedo %53 1 72 Pk A2 B4 AT £F 4k X HMA B HL

S, 2538 T 4R 4E7E HMA o (9 i [ 6 5 ; Cai 4577
i 75 R S (AE) £ R 434 SFP K H Z AL & (PA)
FERTE o R 4 P R R L 25 SRR R
LT A RERS I 35 D) R 2 B i b4 s Mohammed 45
A I 5 SR 2 B £F A I TR B Ry 20 °CTF I IR
ARk 1 R A R DR 2 ) PR A G R, RE S R
2T Y 36 50 0 7 1R AR 9% 95 754 5 Slebi- Acevedo %
KB, YA BRARAE 20% DL L, FE 2 AL R IR A R
o U0 ET 4k B T AE 1 A1) % 5 Pirmohammad 45
Y BIF 5% 2% B, AN 00 ¥ R 41 4 R i 2 4, AT DL A A0
05 T TR BE 0 W 2

LR K 2 A 4E R AP S 3B A DL K G
AT A AT TR H R O T AR 4R o o R
P S TET ) B IS I 5 B = R a8 M T 0 S RN R B
Tk o AR SCHE SRR R R 2 (XA 2 4k R

BT 4k FIOK 0T 28 2 4 ) X 22 I T T PR RE Y
Wi, 25 G0 AIF 5T 2T 4 334 5 2 22 P i i 9 D fk 883, o T
TR R it e o

1 BRA#H

Wi SBS BctEW L BOR$E b5 = (A B L
B S HF IR A L AR ) (JTG E20—2011) ,
LR 1. BRI IR A R AR A & FL AR (9.5~
13.2mm X A WA ), TCMER, 08 8 A KA
LR ECA R TREAERKEME)JTG 3432—
2024) WY BSR4 I 2 3, FHERMME 1R .

RGeS A, R XA T R RS 2
BT ARz mE () iR, HAEKESN

PUHLR L, BE M e i 0B PE , BE 1 5 00 7 R 5 Y i
TR AR PRI IR BT 24
®1 SBSHMH B R ARER
Table 1 Technical indicators of SBS-modified asphalt

Rl REy

H AR s . bR 2R
EFABE(25°C.100g.58) 0.1 mm 58 40~60
Al s C 81 =60
FEFE(5°C.5 cm/min) cm 47.8 =30.0
I g/cm? 1.03 S
[P C 285 =230
BB (135 °C) Pa-s 1.8 <3.0
TFOT J& 5% B ¥ o2 i A2 4k % 0.3 <0.6

®2 ZREMERERMIKER

Table 2 Performance test results of coarse basalt aggregate

P fEF b ] i % 5 e bR ok
AR R % 14.3 <26.0
WAZ LB FE I 2R % 16.1 <28.0
T g/cm’ 2.95 =2.60

U TIES % 0.66 <2.00

1% [l % 3 <12

B R URE B i % 9.5 <15.0

R3 FHHERENKER

Table 3 Performance test results of mineral powder

PEBEFE AR A e 4% 5 AR E R
FEUAR X 2 2.66 =25
K E % 0.52 <1.0
K FEL <1 <1.0
S THIRIEE e TR S
BB <20.15 mm % 96 90~100
LR <20.075 mm % 82 75~100

(b) RMBRLT 4 (c) RPTR L4

1 FHgRR
Figure 1 Fiber type
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Table 4 Technical indicator test results of fiber

YR/ W7 2245 32/ Wi SR PERLEE/ X Uigins

LT 4 A 4K B /mm um A% % B MPa Ky GPa AR TE $w6%%ﬁ
LRA T 6 10~15 2.475 3300 2.7 8.6 KA 07 o5
R MR 2T 4t 6 6~8 1.350 500 15.0~30.0
KRR A% 6
AR TRRELE/C EA/C MBUEE/(geom™) KAo&E/Y pHME  &KE/% WOHE/%
LR LT Y —260~800
R £ 4t 245~260
PN S35 18 14.3 7.5 2.81 6.5
®5 BHRHBTREAGHRRE P A EDSER A WIVIY € SR BUR!F S € N

Table 5 Gradation of parent asphalt mixture

SR VA U 75 08 S04 B AR, O 9 2 die /N U0 7 R

LR /mme BT 4%/ % || LR ST /mm Sl T 4% % H, EABI4ENIEFRSEMEN T, B4 mA 1t
13.2 100.00 0.6 10.65 AR AN 0.4 %, CE R S a4 FE Y oG R LI 3,
9.5 10.65 0.3 10.65 25
4.75 10.65 0.15 10.35
2.36 10.65 0.075 9.57 o\\°
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Figure 2 Leakage loss of parent asphalt mixture
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Table 6 Optimum bitumen-aggregate ratio of parent

mixture with different fiber dosages

ER S gUBE/ s Al %
0.1 3.3
‘ 0.2 3.4
LR 0.3 36
0.4 3.6
0.1 3.3
- 0.2 3.4
RMGLr 4 03 35
0.4 3.6
0.1 3.4
P 0.2 3.5
0.3 3.6
0.4 3.7
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Table 7 Marshall test results of parent asphalt mixture
with different fibers

e/, i/

B ] S4B/ MA/%
kN (0.1 mm)
TCET 4 0 3.2 5.08 37.2
0.1 3.3 6.12 35.1
B ] 0.2 3.4 6.48 36.5
KR 0.3 3.6 6.28 37.1
0.4 3.6 5.62 37.8
0.1 3.3 5.32 33.6
0.2 3.4 5.70 34.8
LT 0.3 3.5 5.81 35.3
0.4 3.6 5.48 36.7
0.1 3.4 5.38 33.2
0.2 3.5 5.50 34.5
NI SR

0.3 3.6 5.34 35.2
0.4 3.7 5.12 35.9

*8 AUBHRISREEHNREAEEE
Table 8 Optimum fiber content of parent asphalt mixture

with different fibers

R YA WAL/ % AR YRR/ Y
KR4 3.4 0.2
R T 45 4 3.5 0.3
RFTR L1 4 3.6 0.2
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THHLF 0.1% , BB 0.1%, B2 K 770 0.05% . il 2
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Table 9 Technical performance of fast hardening

(low-alkalinity ) sulphoaluminate cement

SR LY, bR H(E
i 4 45 42.5
L ZE TR m*/kg =350
7k ) [R] min =25
L [R] min <180
{2953 <10.5

19 HH 2 ik % (28 d) % 0.0~0.10
3 ht s B MPa 15.0
6 hPT 5 B MPa 20.0
1d oo B MPa 25.0
7 d U B MPa 35.0
3hHrdrom MPa 2.0
6 hHT 358 i MPa 2.5
1 d o4 is MPa 3.5
7 AR E MPa 5.0

B, %2 22 1 I TG A RE R AP B B R
WIR R M BB RIR A B R AT, &35
T M R I BE TR 5 b 22 18] A7 7 25 B, DT 52 i) 2
5 1 6 T ) S AR

MG 2.1 B iR B9 BE R F IR A BHE & e 1T IR
AR FEE, IF R A I BRI R R4S
2 5 ORI 1 U JE RIS S L O 7 R A K 28 R
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Figure 4 Grouting specimen moulding
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Table 10 Perfusion rate test results
e ML/ HHeWEN R/ PR s/ WEER/
% g g %
TCEF 4 26.5 251.3 231.4 92.1
LR A Y 24.8 235.2 218.5 92.9
Rl 21 4 25.7 243.7 2274 93.3
NG 24.1 228.6 202.8 88.7
4 OF Y PR AR BE R M AR AT R
41 TRk XEHR

VI AR AT 48 10 27 445 AR B R B ) BROUR
WA R SR 3 hE B T SRS 45 R LR 11,
£ FHEFUBREAHDRRRBER
Table 11 Marshall test results of fiber semi-flexible

pavement materials

E R gYBw/ % FRERE/KN  Ji{H/(0.1 mm)
T 4 0.0 25.3 24.8

KR A% 0.2 29.7 24.5

B g 47 4 0.3 28.6 23.6

KRR 4 0.2 27.2 24.1

HR 11 AT A8 A LR 28 4k 2R R 2F 4k FR o
R LY e M A R A X TR BB T,
FOEFE A BB IN T 17.4% . 13.0% A1 7.5% , 1M it i 0]
A PN (E AR R R R A R AR
JE 2 o 2 S P B TR ORHRR A B Y 2000, X R W] o R
P B 4R AR K A 20% ok A BT E IR A
T80 %6 22 A 1A 5 8 Sk YR F /K IR HE XK

B A L8 4 J5 2 Z2 PR B TR RE SR R i R R
@ BERTE GORHAG BT 2 22 M I 1A ORL Y AR B
5 2 5 A R R 20 0, R MR B R 2 2 © TR
B R THT 1 £ 4 1S 0 T K U8 HE R RE AR 5 7 IR A R
] P R 48 T, 158 T 2 G MR B AR S A, DT
PR TR . AN, T KR E R R EA T R A
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Figure 5 Flexural and tensile strength of different fiber
semi-flexible pavement materials
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Figure 6 Maximum flexural and tensile strain of different

fiber semi-flexible pavement materials
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Figure 7 Bending stiffness modulus of different fiber

semi-flexible pavement materials
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Figure 8 Freeze-thaw splitting strength of different

fiber semi-flexible pavement materials
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Figure 9 Freeze-thaw splitting strength ratio of different

fiber semi-flexible pavement materials
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Table 12 Fatigue life of fiber semi-flexible pavement materials

fiif % /kN Hi#/Hz B S| % 57 A i /I
TG 2T 4 16 500
RRA L% 25425
’ ’ R BR 2T 4t 17 858
AR £ 4 20 785

4.5 HEEEMR

K FH i 5% TR 924X B Y T 4% R 150 mm ., = R
170 mm (14 [ AE A S 44F , O 1m) JCTE A ) - 1 L i AR
KU HE S o RIS AL 1R Hh BUCE AR A 100 mm B
ASEE IE YT EIHL I Bk U AR T R v R 4 R
(150+2.5) mm. ¥ BCHE 20 “CHI & i 50 °C R
10 Hz () sh A AR ik i de b . 5 R WL 3% 13,

£13 PIEEBRBER

Tablel3 Dynamic modulus test results

i i /°C B /Hz LI YA A & /MPa

JL LT 4 18 068
LR AT 14 589

20 10 ,
R4t 16 123
K R 4 4 14 951
JL LT 4 1518
XA 4 1820

50 10

R4t 1788
VNG 1647

3 13 AT H AEH 1 20 °C B 10 Hz &4 T,
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Table 14 Pavement material parameters

b TR %'ii%/ ks He (kji / ,
Pk i SFP-13 16 000 0.25 2200
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Wi IRE £ AC20 13 000 0.35 2 300
KR E A CTB 20000 0.20 2200

AKELS 300 0.30 2100

55+ SG 40 0.40 1 800
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Figure 10 Structure layer combination of pavement
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lower layer of structure 1

M 15,16 AT LLFE H < Bl 25 2 2 1 o 1A A i
L0 TP B Y TR N A VAV R 4 N T T T
4 F AN T B0, I L e R R A
O BE b S SR I T B R IS BN T 4R AR B RE
e BB PR B o PR, R AR A S B TR R A
SRR Al LAY/ b TR B f ORI o Bl AR
A 1 0 T PR, IR R 1B AT MR Y R S B
BB A R 2 [ I, DA T SEE 22 (8% D (14 9% 57 B 03X
OUILE W A0 18 2R i Y 2 32 1k 8% 1 7 T AR
BB ERA —

6.50e-071 340 1401 3907
£ £ s
£ 6.45e-07T = 320 =2 130f = 3881
i 6.40e-07 2 300 2 120F = 386
X < < S
I 6.35e-07Ff I 280 w110} > 384
® iy 14 UIE
£ 6.30e-07f = 260} = 100} % 382
4 -
6.25e-07 . . 240 . . ' 90 . . . 380 . . :
ZER 1 SERN2 4EM 3 45H4 ZERY 1 B2 B3 44 SEMg 1 HEK2 45K 3 454 ER 5K 2 K3 45k 4
% 45 H I X e T8 245 4 X % 45 R X e T8 45 A4 X
() A [F) 4% T &5 A) 11 i 2% (b) 7 [ % T &5 44 19 b T 2 (c) AS[R] % T 25 44 11 T 2 e (d) 7K [ 6 T 465 4 1) 3 J2 e K
BRI e KR Sy KA Iy EAN)|
2.05¢-08 1.00e-08 ¢ 2.00e-08
&l = o
= 2.00e-08 | = 9.60e-09 t 219908 |
= = E‘
X 1.95¢-08 | £ 920e—09 5 1.98¢-08 |
=S S @
I 1.90e-08 I8 8.80e—09 y 1.97e-08 ¢
= I = t
] 1.85¢-08 = 8.40e-09 - i 1.96e-08
1.80e—08 : : ; . . : . . .
SEF k2 53 454 ZiM 1 sk Z5H 3 Zii4 iR #hikg2 S 3 g5i4
i T 245 4 5 ¢ 1T 45 H I X i T8 245 4 5K
(e) ASIA 4544 0 L )2 () 7 [vi) 4% 1T 235 #) 14 F 1T )2 (g) ASIR) 5 T 235 440 11 2 )2
e KL 7E e KL AE e KL AE

14 AN[EB&TE 4548 T 89 1 5 0 R

Figure 14 Mechanical response under different pavement structures
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