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B T2 K R (1022) mm FEFF 2R 4 h J5 , 7E4% 3 29 000 r/min FAERE 2 min; £ RFEFF
Y R R LI IR AR SR B L T AR W 7 TR GRS K2 20% , Z5 i i AR B K2 3. 5%,
ORI BT B RTEFTLT 40 AL I 75 TR A R RO B RR PR AE R 5 PE RE AN BB S5 PR RERGSE A, AN &
KT AT LT 24 T 52 25 P A T TR A 11 2 K T AR PN T 4 A S B s R TG 3R 1 ~ 40 YRR, T KRS T 47 4 it
PR A 7 00 20 B L R T 5 AR W 7 20 1S K 8. 34% F1 16. 65% 5 Z VR R EF 20 K5 , B RFEFT
LT YR AR T T BT U R R ARG IR 40 YR B, B R R AT AR 4k o0 FE AR U T B 25RO
0. 67 MPa, HIE 5 IR A R R AR W 5 TR A B3 B 3G K 23. 88% .34 32% , 9% 55 #4545 017 ¥k, L&
T AR RS R A 37, 15% 29. 16% . 36 2 8 251 5l 1 iR B W 5T & B BE T KA FF 2T 4 i
BT, FORFEFF LT 4E 2ot 0 75 R AR R IE A R TR R BE IR R L T 2R 2 7 1 AR o S 3
K 17.9%,79. 6% F 36. 8% , £t AFEW/IN 37. 4% , (B[R L] 4 JiT & 43 50 00 e M EORFE AL XTI i IR &
A TR AR S M RLCR A B A, 21 48 1 A SR B R ik

ARSCAHFGE M FORFEFF L A I 15 1R ARk 4 i 124320453118 0.0, 2% 0. 4% 0. 6% 0. 8%}, Xl
B R A VR 5K} (stone mastic asphalt, SMA) —13 5 1R &okHE ARIEPERE OV RLEE, i@ 1 25050
AL SMA-13 S ahfa e By, 456 IR /NEE 5 (R 51 -5 .-10 ~15 C) s S hiig o, |
BRI AR e, S S B D A AE Ak, SR BB R 2R T 22 43 B 5 800tk 43 AT St Ak AN [ 27 48 o2 £ 43 550 Tl
)R BT o, ey, S D SOV 4 R R BRI 22, SR FHEF 4 43 H0 S0 MR R 0 A 2T 4 A SR AR
B A ST 2R 4 i i B S D IR A RS AR BB AR DG R |, 8 78 £F 4R oy B S M i IR A R
AT R TR R ML

1 E#MBFREERe AR IZT
1.1 FE#rs

D) Ui

KRR IE-T -8 O 5w B AL B ) ( Styrene-Butadiene-Styrene block copolymer, SBS) (1-D) gl {4
Wi ARE SR 15 [ 5 i3 AC B, 45 R an e 1 .

&1 SBS(I-D) M EimEEAREREIER

TFOT®

A Btk HAE E® 183l Wi WP wEY  ERmEy TFOT j5 TFOT J&
o i3 B/ ; AR/ T wE 3 ‘
55t H A S BT, L, BT T e
) 3/ % cem” T AR _
(0.1 mm) C ! o (Pa-s) - % (grem™) TR ANFELW/ % [E®/em
1/ %
K2 S 55.0 79.7 0.16 33.5 1.54  320.0 99.9 96.0 1. 026 0.024 80.0 17.0

sk 40.0~60.0 =60.0 =0 =20.0 <3.00 =230.0 =99.0 =75.0 S <+1.000 =65.0 =15.0

@25 C,100 g,5 s; Q¥ Bk ;@5 em/min,5 C ;@135 C ;525 C;©25C ; O FEMAR I ;@5 T,

2) 58

MR SCHIRL 16 ] 2R AL AN R AT A Ry B A TR RE AR b o R X A SR D 0 H]
R R8> 10~ 15 mm >5~10 mm 3 ~5 mm , HIADRG IS RN 2 s . R A E 2RI
KiAe Ry 0~3 mm 7 BEE LRI A AR AR, 40 A AR A T REFE PR SR ISR 3 s . 1 K
HHR AT RERR AR A R AN 4 R

IR 2~ 4 m] T, G 4 R 4% 3 /2 SCHIRT 17 ] 2R

SR FH A A R RS AT 74, AR SCRR [ 17 1A R P F R A AT 2 4k () 45 UL A PERE , 45 R 3K S
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®2 ZREBEEHMEREER

PR FAAI Wk RARMHR R

! e D
" /%  3~5mm  >5~10mm  >10~15mm  R/%  BRIEESE/%e  SEU% HEREAA /0
Ko 5% 11.8 2.822 2.810 2.802 0.86 6.7 1.1 13.4
MigEK <260 >2.600 >2.600 =2.600  <2.00 <15.0 <5.0 <28.0
O

£3 AREHERRAREREIER

i H WA T2 HREY/% WM/ % FE /(g kg ™)
LisalllER 2.728 1.4 81.3 1.1
M ELR =2.500 <3.0 =60.0 <1.4

OALAR/INT 0. 075 mm RTRLAY BT 7348

T4 AREVHEARMEEETEIR
T TR S B R ) ok e 08 %

WH AR X 25 FIK R/ % FIKFREL HU
<0.6 mm <0. 15 mm <0.075 mm
K zh SR 2.726 100. 0 93.7 89.5 0.30 0.64 ik TR
By s Lo =2.500 100.0 90.0~100.0  75.0~100.0 <1.00 <1.00 T AR 2 B

£S5 HEERBFFUENERELIER
pH fi W A HRER/ % KA TFARAYE % HFHERKE/mm Fif

8.62 6.4 1.336 5.8 <9 ke
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2 HFHREESERSN

2.1 FHIAW

FRAE SCHik [ 15 ] 71 TO719—2011 3056 J7 i, b oo v 6 KA FF 45 2 o i 0 55 3 R 0.0.2% .0. 4% |
0.6% .0. 8% 1) SMA-13 I AT EHIALE . 4K 300 mm 58 300 mm 5 50 mm, 355 5K 60 °C L4
JER 0.7 MPa 1R B HH ok 42 Y%/ min 388 AT AR 1R B2 R 60 °C A TE IR AR AR IR 6 h, i 38
H h G50
2.2 RWERKSH

XoF PO T KRG A 45 4 R 435w 435 0,0. 2% 0. 4% ,0. 6% 0. 8% () SMA - 13 X F 47 4 ik
5 A3 B Sh AT E s 253 6 IR, [ —£F 4L 50N 0 BT 3 UOPATIR G, 300 45 SR BT
SR EEE s, TR EE o

R6 ARREBSBHEEREFTYE SMA-3 FERARMEIEEE

Eps/ (K- mm™! )

w/% Eps /(Yemm™) o/ (Femm™)
51 RPATIAE H2UCEHRE 3 WOPATIRE

0 2 856 2 724 2 937 2 839 106. 6

0.2 3522 3 683 3418 3 541 132.3

0.4 4 286 4 194 4 324 4268 65.3

0.6 3879 4 025 3754 3 886 135.7

0.8 3253 3129 3 386 3256 128.9

122 6 TN BECHE FORAEFEEF 45 T o0 B0 15 K, etk B ORFE AT 45 4k SMA - 13 {4 1y shifeoe B 5
B F S U s TROME T KRS FE LR 4 TR 40804 M 0. 2% (0. 4% 0. 6% 0. 8% [ SMA—13 X {4 E- 4 a2
JE A3 AR TCET 4 SMA-13 i5{0/F9 1. 25 1. 50 1. 37 1. 15 %, 40t FORFEFFEF4E 52 0 50 0. 4% 1,
SMA-13 34 (1) Bl AR e B e, B ZE SR R fe i, 2 A AR DB T It (0 B 2R S P A I VERE T
HEHUABTE e S0 . SO FORFEFFEF 4 i it 43 80K T 0. 4%, SMA =13 340 1) sh s e BEFF i/, 3
TR R it Z AR AR R ATE 225 B, KRR 75 1AL 25 1, 3 SO ZR S5 4 R A, AR R A2 0 4 A ANy
A1 PUHRIRE TR, oohE RS FTEF 4k i/ B0 0. 2% 15, SMA - 13 3804 (1 3h a1 JiE L G £F 4 SMA -
13 500 i, (E R TR B de A s AR, 0 i 4T 4 RE O35 U 5 TR A RS 40, (H R IR A2 % 56 B 1) 25 [
SCEERZR . IMAGE S CHE FORFEFFER4E ), U 5 TR A R S5 A R M o, DU 42 aE ) o R B2
T, £F 2T 12 ] P 45 5400 , 3 i D T TR S R A B R S e ) SR T s A TR RE 1™ s PRk 2, 47 4
F RS 5755 TAHE AR R, a5 I 0 S8, 32 i W7 O BT R s 76 oW 2 i L, ik
FORFEFFEF L0 75 H BT 1 5 M JE 50 30k b 2 B Bt e, S5 S U 7 TR B R AR I B AL sl

3 RiIB/NREHIKIESERSH

3.1 RIB/INRET IS

SMA =13 4 H B NP E FRAEFFEF 40 it it 532053 7 R 0.,0. 2% 0. 4% 0. 6% 0. 8% , 3 1 51
il AR AR R R B TR A 24 h BB, DIEI K 250 mm B8 30 mm |5 35 mm B AE RN
R KRR N BT RIS A T, o AR R -5 . -10 .- 15 C R R 5 h, SR IPC
Global AsphaltQube ZJfig I F W3 ML #E 47 AR UL /1N 22 45 i i 56, 5452y (200. 0+0. 5) mm, Jiil % 3 22
% 50 mm/min,
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3.2 KRERRAN

Jin e e v e I o R ANAE B AN IR () — R R ORAS AT 47 4 i 0 BT AT 3 P
AR, AR IR A 2R, 203 ek TR AR A (] e 23 K5O 1l ) 25 i 2

o, =3F_ L/(2bh*), (1)
X LIRS F L, IR B e R 28, b ial s vh T TR S 52, b Sl B2 v R T v R
5 R AR
e, = 6hd/L*, (2)
A d R IR A B Th e
i 2 AR
D=0,/¢, - (3)

HR IS 5 | TR OPE FOKFEFEEF 4EAS 7] 5T 2 53 B0 SMA =13 A AEAS [ S0 i 3 ¢ (=5.-10,
-15 °C) F AR/ N IR I A5 0, Inge 7 s . Xtor, e, D BEATECG AL BE, B OACPE 6 K A5 FT-2F 4 i
ST IR 0. 2% 0. 4% 0. 6% 0. 8% 1¥) SMA-13 iKW oy e, D 43905 A B It TR FEFELF 4 1)
SMA-13 ilfF (FEHEL) WMo, e, D ZiCHEx, v, wp SR UN3E 8 B,

R AREBEARLEFRBFIFERESH THHRENREHABER

o,,/MPa £,/107° D/MPa
w /%

t==5C =-10C =-15C =-5C =-10C =-15C =-5C 1=-10C =-15<C
0 8.90 9.90 11.20 3245.42 2728.95 2401.48 2742.33 3628.52 4663.79
0.2 9. 80 10. 26 11.50 2835.38 2442.30 2149.73 3456.33 4201.46 5 349.51
0.4 9.50 11.34 12.90 2754.23 2584.58 2381.64 3449.24 4387.09 5370.45
0.6 9.20 10. 42 12.00 2978.85 2570.40 2264.77 3088.44 4052.41 4963.21
0.8 8.60 9.76 10. 50 3056.34 2578.80 2054.34 2813.82 3782.81 4639.65

x8 AREBE.FREEERBFAERESBTXENRENREHIXBERYIBLELER

oy, ey b
w/ %
t==-5C t=-10 C t=-15C t==-5C t=-10 C t=-15C t=-5C t=-10 C t=-15C
0 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
0.2 1. 101 1. 036 1. 027 0.874 0. 895 0. 895 1.260 1.158 1. 147
0.4 1. 067 1. 145 1.152 0. 849 0. 947 0.992 1.258 1.209 1.161
0.6 1.034 1.053 1.071 0.918 0.942 0.943 1. 126 1.117 1.136
0.8 0. 966 0. 986 0.938 0.942 0.945 0. 855 1.026 1.043 1. 096

P& 7.8 WA B A IR, B 2t R KA T 1 2 i i o0 B0 3, e 1) 5 i 32 R 2 il 20 R A
el WA N VARG N Gt WA Y[ iy N -3 [N R BB e L e Bt N T 4 4 B U 1 I LI L R
YR B L i B AR (e R O KA R AR A IR A SR IE AR N 7 A R s 55 S i
RSN IS = G VALY 5 ) WA NS i ol 7 N o 3 4 G S B ) B A1 (A YA IS AL € ol o N B e
O IR A B KIS DR BB 8 2 TR A R S I AR 5 MO T AR AT 4 o 20 BCHR R s i 6 308 P K, SMA
— 13 S 10725 500 5 RSy 280 A e 1 A, R I AR s N, i R BRI (R U i S e A, o TR Bz 8h %
PR, S S hram B 5 25 i S BE R RGO AR R ZE PR SR/, oot FORFE FHEF AL IR T 38 A 55 1 i 1
JEZZ M T2, A i 0 A e i O I

UCPE T KRG FF2F 2806 5 15 TR BRI R 25 i R 1 5 iy St 2 b S5 R B D R0, ARS8y - ik
T ARAEFFLFYE T2 53800 0. 4% ,FEIR S0 IR 70 ) -5 . -10 15 C I}, B FE R HEZH I K 6. 7% |



64 1R B2 B 4 2025457 33 %
14.5% \15. 2% , 338 g Bt 50 FEE Vi /N T 38 K o™ 308 AR 3R 348 5 10 4% 5 mO Mk 6 KA FE 47 4 i i 0 B0 0. 8%, iR 56
AR -15 CHF, Shram FEFE 2 10. 50 MPa, FEIEAEL D8/ 6. 2% , 25400 A8 LU SR WE AL I8/ 14. 4%, it
T OPE KRS FT LT 4 55 AL TR BE o ok 6 KA FF 4 i3 0 15 APk | (v KA FE 4R 4 T = 40 Bk
0. 4% ,IXK R HE Ry~ 15 °C i, SMA=13 3G R AE Jy 2 381, 64x 107 {L L EEHEL I/ 0. 8% , e el ik 35
INFHAIRIR A , 22 FHIE S oOhE FORFEFFET4E vl SR ARG . obE BORAEFREF 45 0 & 50 450K 0. 4%, 3
KIREE A -10 CH, 25t BER R 4 387. 09 MPa, HeJEHEZH 1 K 20. 9% 5 iR UG IR A —15 °C 25 i 2 g 5
o HIEELIIE K 15. 2% , e WTRME FORRE FRET A o0 n AE i B0 B 29 - 10 C R . Fetloh: kA
FEBR AN 0. 4% , 7E34 RS Rioi 5 55 K EE (9 [R1 i KRR B A BR AR AE etk | S A5 P BB P18

4 IS S

4.1 HREESH

Sy AR SRR AT 4 AN [R) i 3 SO U 7 TR Rk e AR PR RE 2 i ML, SR B IN R T 2200
Prit il - ol S JE Ens WL 225, J7 22 0 AT 45 R ANEE 9 Fizs o B3k 9 ml A AN [l b 1k FOKRFH AT
LFYE iR 3 KON SMA- 13 I PF SRR E JE E s (932 22 57 0 2 2% (F = 66.47,P<0. 000 1), 41 [8]*F-J7 Fll
(3 657 414) 1 BB 51 96. 37% , F WA I T K A AT 21 4 5 03 B0 sh A e T2 22 5 i) R BRI, dH N8
5N 3. 63% HRiEZE T 65.3~135.7 Y/ mm, [z Wi 4 B 842 1k RAF o BTk KRR AT 41 2 e o %00k
0. 4% 1) SMA- 13 iRV B S8 € FE e K, HARMEZE e/, B — SOk dre D0 5 Bk T ORAS F27 248 Jo i 0 4K
N 0. 6% BIBRIEZEAL R o POk FRFE AT L4t o 70 B0 S A JBE ) R4 1 P AR 5t

R FAENWER

T KR A - J5 AN ¥y FAH PAH
ji] 4 3657 414 914 353.5 66. 47 <0.000 1
4 10 137 540 13 754.0
&it 14 3794 954

TE: L FAENJ7 2850 b B e it ik, MU 1] 28 535 4 P 2% e AR
2. PO A S GE B MK FOR TR EUN AR LR 45 R B w4 SR B 5
P<0. 05 AR B, AN 8 Bk A 1 B35 25 5

4.2 HNESHT
K RN B IEA B ko B R FS AR 4 SMA-13 i 53 ME 1 22 ol B i FE AR R .
E,=(x-1)/0, (4)
Aba Hx, oo, oy TR — S0P FORAEFFEF4E B 73 50T AN [l BE B ~F- 2
AR RTINS R o, e, D B EEZ, .8, .D B EEF IR 10 FiR,
JE S ) BT R 10 TR AR MEZE B 4 AT 4R B ST PR B By, AT GET SRR

£10 FRAXEEREFFERESUT 0,.0,.D ZALBER

w/% N Ty A% Ey X, Tn A% Eg Tp o Ay/% Ey
0.2 1.055  0.057 5.5  0.962 0.888 0.017 -11.2 -6.411 1.188 0.088  18.8  2.132
0.4 1122 0.066 12.2  1.83 0.929 0.104 -7.1 -0.684 1.210 0.068  21.0  3.074
0.6 1,053  0.027 53  1.98 0.934 0.020 -6.6 -3.266 1.127 0.013  12.7  9.590
0.8 0.963  0.034 -3.7 -1.075 0.914 0.072 -8.6 -1.197 1.055 0.051 5.5  1.070

io, o, on BN oy e, D BIBRERE A Ay A G000 o, e, D BIEAGER By By (Egs K 0y ey D BRI L
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1 10 ] 0. Dot B KRS T4 i 20 B0R 0. 4% 20 - X 25 ik B ok, P i B4R
AP RS AT EF 4 5 70 KR 0. 6% BTV 22 L5 BEMAR (5 B 5ok, S5 BRAPRIE 2547 5 s etk &
KA FTETAE T 3 KO 0. 8% R F 23 E /1N , 26 WH2 icd 5 Ble o KA AT £ 4 o 25 437 5 12 7™ A= 12
THTEEZ I

UM FORFEFFLF 4 T i 53 50h 0. 2% 0. 4% 0. 6% 0. 8% T, il (1) F- ¥ A5 R AR S5 vk dl . 2
PEFRFE T 4E i 70 B0 0. 2% B PF TSN e 5ik , eSO K AS AT 27 4k it i 23 &0k 0. 6% YR Z,
BN E KA AT 2148 525 P 0 75 TR G S JR P 5 e KA AT 7 2 i 70 8 0. 4903 9 25 437
AR AR A/ (BN AN 3

A T KA AT A7 i B 3 KON 0. 2% 3007 11257 2 JEE A 0 LG e o 2 Wt 1, S 6 R A AT 28 4 i o o
BN 0. 4% 380 25 2 2 A 1 W i (.3, WAk TR AR 48 B 8 3 B8R 0. 6% 347 B 3800 8 f vy, I
PURIRARAREZE TR T it 2257 5 Ok FORFEFFEF 4 i 73 R 0. 8% 1501 19 ~F- 429 25" i 90 JEEABE 4 14 1t e
/N ROV RS A WIAB N i P R AT £ 4 2 1] 55 9 BE R 4 IO
4.3 FHESEHEEITFEN

— LRI AR, AN A B B R B, S A £F 4 ok 3 KO I R A R RE RO R R, (BT 2
Rl oy BN Y Bk R I sh 5 S SR, XE LU G W IR EERAL o AR ifE2E ek RERSCE Y R R
JEE , BB R B 2T 2k A BN 35, 21 28 [ 3 K R 2 IR 11 SR A0S, 415 50 e B8 T TR i Jo i
BN R R AR AN R . 5IARIR /NS 56 P OCYERE S B (0, e, (D) BIBRIEZE 55 21 2 5
R, SR RO VR IR R E vy Z85 RAEET 73 B X Z PR BEAR EVE BRI, E v BN R W £ 453 HE
A¥, FEAERES B SN

SRYE T R A PR TR L

Ep =0. 30'%0'8}]0',)60' " (5)
HRAES(5) FHEE S 10 bl 22 50 1 27 4k 43
H AP AL, SR AN 11 FToR. B 11 AT Bkt F1 AESHEHARRITRLER
FORFEFFEF4E 7250 0. 4% B}, 27 4 - B &) 1 w/% o, T, ) Eypy
ORUR R 1042, BIMHE TORBEFFARAEAMM 5] 02 0057 0017 ooss 0.472
PERE, 5 M 4R 4 R R A BRI S B sz i 04 0.06 0104 0068 1082

(4268 Yk/mm) 25 P78 BE (B R L3R S 15.2%) | 0.6 0.027 0. 020 0.013 0.280
MR (BB RS 20. 9% ) BOSRAEMERE— o8 003 002 0.051  0.88

B0 R FORRE AT 4 S 0 Bk 0. 2%, £ 4850 1

PYSIVEAR R/, A 0. 472, ek FORFEFFEF 4t ot i 20 KO /N S4B R5CR A R SEPE A O 2 5 2ok &
KAEFTETHE SR 73 8O 0. 6%, S 43 Bl SV /I, O 0. 280, 2 W B R RS FTE7 24 R 245 FAHLC,
PEREE SN LA, 38 BIRCR 5910 s ok FORFEFF AT HE i 0 FOh 0. 8% i, R Ak TORFGAF£F e i 51 &
LR, U TR A R RE B

5 #it

1l 5 Ok FORFEFFEF 4 5 £ 23 o359 4 0.,0. 2% 0. 4% 0. 6% 0. 8% HYH) SMA - 13, 4T 4= il 5 |
AR/ N2 S, W07 4 e 70 B0 W 5 TR S e AR e RE AR I S 21 AR 2 O A1

1) APk FORAE AT 7 4t Bt 7350 0. 4% I, SMA-13 30 B Sl A2 2 BE Bk, Ty 4 268 I/ mm , bR 25 i
/IN(65. 3 Y/ mm) , FWTHIE R 1 20 SCHE A5 M, T 4 SURE 1 ot 5 B E R R A AT &7 48 i 2 BOR T
0. 4% f , 1A 1 S ARRE BE B Wi/ )N , R o B8 I A ik RS A7 4 3 B AR 4 MR, 51k 2 B R 4 R
Lot BRESFG A A PB4 RLAE S0 o
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Effect of modified corn straw fiber on the performance of
asphalt mixture and the evaluation method for
its dispersion uniformity

LI Qiangfei' , WANG Kun'* | XIE Dandan', SUN Xingchen'
JIANG Ziyu', GUO Renliang®, LIU Yingchang

1. School of Civil Engineering, Shandong Jiaotong University, Jinan 250357, China;

b

2. Shandong Hi-Speed Engineering Construction Group Co., Lid., Jinan 250014, China

Abstract; To study the effect of the quality fraction of modified corn straw fibers on the high and low
temperature performance of asphalt mixtures and the uniformity of fiber dispersion, asphalt mastic stone mixture
(‘'stone mastic asphalt, SMA) with modified corn straw fiber quality fractions of 0, 0.2%, 0.4%, 0. 6%, and
0. 8% are prepared. Rutting tests and low-temperature beam bending tests (=5, =10, =15 °C) are conducted,
and variance analysis ( with a variance statistic of 66. 47 and a probability of less than 0.000 1) and effect size
analysis are performed. Combined with the standard deviations of low-temperature tensile strength, bending
stiffness modulus, and tensile strain, as well as the quality fraction of modified corn straw fibers, a fiber
dispersion uniformity index is proposed. The results show that when the quality fraction of modified corn straw
fibers in the asphalt mixture is 0. 4%, the dynamic stability is maximized at 4 268 times/mm, which is an
increase of 50. 4% compared to the control group without modified corn straw fibers. The low-temperature tensile
strength and tensile strain are significantly improved, while the reduction in bending stiffness modulus is
minimal, indicating an optimal balance between tensile strength, stiffness, and ductility. The dispersion
uniformity index is maximized at 1. 042, reflecting the best fiber dispersion, consistent with the results of high
and low temperature tests.
Keywords: modified corn straw fiber; asphalt mixture; high and low temperature performance; single factor
analysis; effect size analysis; fiber dispersion uniformity index
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