HOKKAIDO UNIVERSITY

Title Crack Formation in Asphalt Mixtures in the Wheel Tracking Test at High Temperature
Author (s) Kondo, Takashi; Moriyoshi, Akihiro; Yoshida, Takaki et al.
Citation Journal of the Japan Petroleum Institute, 47(2), 90-99

https://doi.org/10.1627/jpi.47.90

Issue Date 2004
Doc URL https://hdl. handle.net/2115/40069
Type journal article
File Information moriyoshi JJPI47 90.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




90

[Regular Paper]

Journal of the Japan Petroleum Institute, 47, (2), 90—99 (2004)

Crack Formation in Asphalt Mixtures in the Wheel Tracking
Test at High Temperature

Takashi Konpo V¥, Akihiro Morryosnr 2, Takaki Yosuma ', and Shouichi TAKAHASHI "

™ Dept. of Civil Engineering, Tomakomai National College of Technology, Nishikioka 443, Tomakomai, Hokkaido 059-1275, JAPAN
P g g g 2y
) Graduate School of Engineering, Hokkaido University, Nishi 8-chome, Kita 13-jo, Kita-ku, Sapporo 060-8628, JAPAN

(Received April 11, 2003)

The formation of internal cracks in asphalt mixtures in the wheel tracking test at high temperature was investi-

gated in dense graded (13F) and drainage asphalt mixtures prepared outside.

Such cracks are caused by move-

ment of aggregates in asphalt mixtures with distance separation in the crossing direction under passes of the test-

ing wheel.

The movement of aggregates during the wheel tracking test (1 h, 2500 passes) at 0 passes, 600 passes, 1900
passes and 2500 passes was analyzed by photography. Greater deformation of aggregates in asphalt mixtures
occurred at 50-60 mm from both tire ends in the case of dense graded asphalt mixture (13F) and at both tire ends

in the case of drainage asphalt mixture.
mixtures in the tensile test.

Local strain in those areas exceeded the maximum failure strain of the
Internal cracking may occur under passes of the wheel at high temperature, and

cracks may appear in the surface with time, which has not been considered until now.
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Fig. 5 Result of Trace of Section (dense graded asphalt mixture (13F))
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Drainage Asphalt Mixture

Fig. 7 Potential Locations Place of Cracking
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Fig. 8 Stress Distribution after Boussinesq

DIREAVNSWEMZHR LY, hAGbEeoZ il F
B O—EFIB IR ETT L L ICE VENL RS ZZ 5
Na, LoL, Miogasd T ORI TIE R B
DHERIZEVEL, 2OBDOEMOB) X I XEET 25 0—
FORTELELNFOHEILLLbDTHLEEZLNL (/2
2L, KRENHERTIE case 4 DFMIZRSNLH-72),

F 72, B OREEIKRERD O A RITTHE LRI T 5
72012, LTOLMICE VR 21T 72,

WHEEMOREICBIT S () &, MEMoR/MMifET
» 5 50mm D530 2.5mm, FHEOERE (4) 13 2.0mm,
BMonEaE () &, B5OREEMEOHEE 50 & LT
B EAT o7, TORE, HHELIC X AXFRE O 0§ AT case
3-1 T 1.06%, case3-2 T0.24%, case3-3 T0.83% L 7%b, =
L, Seab TR L 72928 45C 2B 55RO T A 7
7V MREW OBIERED O B DR RKAE 2.00% L DS,
Z 2T, RBHTHIR CORNREHM OEREIZITE A LA 10.0 mm
BETH-722ED25 r=50mm & L THEFEZIT) &,
case 3-1 T 3.28%, case 3-2 T 0.48%, case 3-3 T2.82% & 7%,
ZIT, case32 COUTAIIPEWHBE ) L2 EE
ToHE, COREOREMETD 0T AOMNMIIK S %
H2bEEZOND,

X oT, REHHEFRTIE case 3-1~3 12Y T F A% 5H
T H N ORIFE L OHEEAY 5° Ll EoFH & Lz,

(1) %KL 13F O REH O6) &

FHRL 13F TOMGEM OB & 13K & % 045 % £F 9 A )7
FHCHAMEIZ R S o 7z,

& A XA 5% (Fig. 7, Part 1) @ ERIICHNATW5 No. 1, 2,
12T, BERLZSS ETICXGEIILD > Twd (case 1),
F72, OB E B X ONEEIKE <, BIIE AR E
HEBLOMIRIZIZEALEL TRV, ZOMETOEHO
Bh& L, M ~ORBIA R L, WT R % ICIEEEIME T T
LEGTHD T b, BT EOWINT L ) WGREIILS S &

Vol. 47, No.2, 2004



96

Table 1

Strain in Objective Parts (dense graded asphalt mixture (13F))

Change of length [Ad mm)]

Strain from 0 passes [%]

Strain from last stage [%]

0 600 1900

Pass 0 600 1900 2500 600 1900 2500 to to to
600 1900 2500
No. 1 0.412 0.300 0.400 0.728 -27.24 24.25 79.55 -27.24 33.33 82.00
No.2 1.030 1.345 1.612 1.780 30.67 25.94 16.32 30.67 19.85 10.42
No. 3 1.628 2.335 2.484 2.335 43.41 9.18 -9.18 43.41 6.40 —-6.02
No. 4 0.721 0.583 0.860 0.985 —-19.14 38.43 17.29 -19.14 47.53 14.49
No. 5 0.300 0.671 0.943 1.063 123.61 90.86 39.87 123.61 40.63 12.68
No. 6 1.487 1.897 2.419 2.500 27.63 35.07 5.47 27.63 27.48 3.36
No. 7 0.854 1.581 2.385 2.371 85.06 94.13 -1.72 85.06 50.86 —-0.62
No. 8-a 0.922 0.985 1.265 1.265 6.83 30.37 0.00 6.83 28.43 0.00
No. 8-b 2.102 3.373 4.998 4.870 60.46 71.27 —-6.07 60.46 48.16 -2.55
No.9 3.189 3.312 4.357 4.885 3.86 32.75 16.56 3.86 31.54 12.12
No. 10 0.860 1.204 3.053 3.493 39.98 21491 51.15 39.98 153.53 14.41
No. 11-a 0.640 1.063 1.389 1.342 66.01 50.95 —7.43 66.01 30.69 -3.43
No. 11-b 0.762 2.332 3.520 3.640 206.26 155.94 15.76 206.26 50.92 3.41
No. 11-c 2.263 0.539 0.300 0.361 -76.20 —-10.54 2.68 —76.20 —44.29 20.19
No. 11-d 3.256 2.970 2.973 3.114 -8.78 0.10 4.34 -8.78 0.11 4.75
No. 12 0.500 0.500 1.628 1.726 0.00 225.58 19.68 0.00 225.58 6.04
No. 13 0.671 0.762 1.204 1.217 13.53 65.98 1.85 13.53 58.11 1.03

+: Tension (distance separation), — Compression (distance reduction).
Shading: strain with possibility of cracking (over 2.00%).

Table 2 Strain in Objective Parts (drainage asphalt mixture)

Change of length [Ad mm)]

Strain from 0 passes [%]

Strain from last stage [%]

0 600 1900

Pass 0 600 1900 2500 600 1900 2500 to to to
600 1900 2500
No. I-a 0.583 1.217 1.924 2.002 108.64 121.25 13.54 108.64 58.11 4.10
No. I-b 0.860 1.803 2.012 1.836 109.57 24.38 -20.54 109.57 11.63 -8.78
No. 2 0.583 0.860 1.140 0.922 47.53 48.01 —37.42 47.53 32.54 -19.14
No. 3 0.283 0.500 1.005 1.200 76.78 178.54 68.95 76.78 101.00 19.40
No. 4 0.447 3.046 2.102 1.972 581.18 -211.07 -29.08 581.18 -30.99 —-6.19
No. 5 0.600 1.603 1.900 2.000 167.19 49.48 16.67 167.19 18.52 5.26
No. 6 0.400 0.566 0.640 0.671 41.42 18.66 7.63 41.42 13.19 4.76
No. 7 0.100 0.632 1.655 1.616 532.46 1022.84 -39.75 532.46 161.73 -2.40
No. 8-a 3.138 3.677 4.238 4.624 17.16 17.87 12.30 17.16 15.26 9.11
No. 8-b 3.401 4.188 4.525 4.892 23.13 9.92 10.77 23.13 8.06 8.10
No.9 0.361 0.640 0.849 0.781 77.59 57.75 —-18.72 77.59 32.52 -7.96

+: Tension (distance separation), — Compression (distance reduction).
Shading: strain with possibility of cracking (over 2.00%).

EZ2bNb, XoT, BT IHICOTENREmROIEL
B CORBGE T AR D Do PREOD No. 4 T, E
SDOEALZ/ N E VDB RERDS ETFNEILH > TWD (case 1),
NS, WIH~NORBOFEBEICLLEEZLNL, THO No.
3, 13 ClE, BEHEMEDEWNITIS 2T OHH OB S 124 LT
FOBEMOBEDKREV, THIZBWT S B OB X 135~
DRBBETH S0, TOFMIZKH TR I N T W5 720
S L, FOFMAERBIC X D EIGE < 72, #ERE LT
TS (case2) EEZHN5,

PDEX Y, #A4YMEOSLEH (No. 1, 2, 3, 4, 12, 13)
M ETFICIEATE D, MO S EETHEIC X 2HH)
O E L EATI (L) RSB S0 E %o 72,
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& A X WATE (Fig. 7, Part2) 123N TW25 No.5~9 T
ZFEATIEE FTh 5 I L0 S EHENEB L TWw5 720 F I
OB EHFKREL, YA YEHHOEH O bR L i LTk E
Vo ORI, EATHEOEROFEIC L ZEERN, =
—TA Y TRIRIZEEZNHOEMB LT AT 7V PRSIV
ODBEPRKENVTDEEZLND, TOERGTOH) X IZEHED
FE L T2 Ml T~ OB AR AE U Tw 2555 Th
Bo ZNIZEY, & AVHULHEIZH B No. 7 TIEEM Ol
IEREVHDPIGREBITLEANETLDY) (case 1), No. 6, 8-a, 8-b,
ODEHNILLEENS &, BMPENIZTND (case2) &%
ZbNb, £72No.5 T, A YMHROTEHTOB & L[H
BC EOBMIITEIIC L D WITNEEN T B, TOFEMD
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Dense graded asphalt mixture (13F)

Table 3 Example of Aggregate Movement

Pass 0 to 600 600 to 1900 1900 to 2500
No. 1 3-3 1 1

No. 2 1,33 1 1,3-1
No. 3 1,32 2 —
No. 4 3-1 1 1

No. 5 1,3-3 1,3-3 1,3-2
No. 6 2,32 2,32 —
No. 7 1,3-3 1,3-3 1,33
No. 8-a 2,32 2 —
No. 8-b 1,2,3-3 1,2,3-2 1

No. 9 2 3-2 —
No. 10 1,3-2 2,3-1 —
No. 11-a 1,3-3 2 —
No. 11-b 1,3-3 1 —
No. 11-¢ 2,32 2,33 —
No. 11-d 2,3-3 1,32 3-3
No. 12 1 3-3 —
No. 13 2,3-3 2 3-1
Drainage asphalt mixture

Pass 0 to 600 600 to 1900 1900 to 2500
No.l-a 1,33 2 2
No.1-b 2,32 2 2
No.2 1,32 1,3-2 —
No.3 2,33 2,32 2,33
No.4 2,3-3 2,32 2,32
No.5 1,3-3 1,3-3 1
No.6 1 1 1
No.7 1,3-2 1,3-2 3-2
No.8-a 1,3-3 1 1
No.8-b 2,33 2,32 2
No.9 2 2 2

Example of cracking
1: Separation
2: Shift

3: Rotation  3-1: One side rotation

3-2: Both rotation (opposite directions)
3-3: Both rotation (same directions)

4: Cracking (not observed)

—: Unclassifiable (no movement)

SR & VAR SN T2 72 ORI EoEH o) A5k &
S h, BMPEWIZEEND (casel) &2 6N 5,

7 A X IWAER T O REHIE, Fig. 712K L5 O
MEIZIEATW RIS R SNy ZOERGTIE, EFEHHE
T2 ~OWE D [ A LT d 720, Zo8E L
THAKN (BHFAOME) ICIHATWEHEICT A7 7
W NENY VAN ABSREBIEN L5 TH Y, dFRGH
ERBREOHMTHLEELZOND,

F7, ¥ A4 VERE (Fig. 7, Part3) (23N Twv 2 No. 10
TR OEFR & I > TV 2 FH A RS 5
I FNRTWD (case2)o TNICX Y, BRI IBFIZZ AV
BEHER > S BRI BIATE U 5%, Z OB Tl g S J5ic
DIDICEAMD BT D EEZLNS,

S AXY DT By (Fig. 7, Part4) [ZH N TWw 5 No. 11 1,
EDOZODFEMPET LTV D3 L, Ao -2k L
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BRLTNTWS (case2), ZDEFTIE, fMOXTREGH LY
LU B T A EMOMES L O &2k E v, 2hd, EfT
WEDOFEL MHEZT 5720 T, ElETOMHIZ O 0E %
KO BEDFAET B HeMED D 5 6

(2) HEkMEoOx Gt o &

PEAKMET bR & 2HE 2 R CEM D E TV B A, ZOlx
HINZEBE R N> 720 Lo L, fIo R %@k
13F LIl 2 L RE& v, T72, "REOMEEOZEILD K E W\,
UL, HEREOIFTH 2 G DA G bE OB E
WEERIFL TV EEZOND,

5 A YEIRE (Fig. 7, Part5) Tl, LICHHNL T3 No.
l-aDE I ITEMHPHE NI ETF~NE B (case 1), No.1-b Tl
A REOWHEIKE 2 DEHM MOV HICTN T (case
2) By, Bes8hEx L Twb, £72, No.7 TIE¥ A4 Y OH
W B2 d 2 EMOBEH O TAKRE , ZO®REEEIC LDt
SESOREEEDTHEN D X D IEAT > TWD (case 1) TDZ &N
5, B CEHERMHOERICL ) EHM O S B L OHEIKE
CERRPVVENOFEDORRKE Y FnEeEZ bNb,

T 7, PULERFIE O No. 8 TH L & [[ARIZ, & A VEArED
WA LTV B EB L OHROEMOL TR E W, U
L, AHICALET 2B 0L TR AS v, XoT
5 A X ERE R RE T OFMIZETHE T CIRFEHEOREIC L
D, P LABDBSIEDND (casel) 7%, BEFIMTIEMITNR
5 (case2) LEZz bbb, LoT, LEiLEHLETHTY AV
SR TR S SIS E AR P NT 0D EEZ 5D,

A XL B (Fig. 7, Part6) TOEM OB X (3P E
TN D20, BB OMKI LT RIIZIZEEOMEN %
RL7ze EHgeEo No.4, 5 TlE, KEZEEEZEVLRDS
AR IO T =TT HIICH) & %555 i4i~ & EH
DEENT WD (casel)o F72, EFHOBFEMIZMPTORES D
(LA XFTGATH & i L CIFFITR E v T, BT E
12 & BEHLERCDAEDEDOELL FFFIZ S A Y& 2 KT
AWM T WLz EEZONDL, TEID No. 6 TIZ,
B OREEIZNS WDELANE BB TWS (case 1)o =
L, EEAHE SN TWDE 20, MO8 St TEL %
<, EHISROGH OFEIZ L) hHREDEDEA DT NI
HEULAREOEE bbb EZLNL, £oT, #A4XH
OB S FICIEEMAACERCEN LB XA 6N 5 2
EDPSEANEBEEIIBEHCTWL EEZ HND,

LD, FAVEREOREMNEICAEL S DUENSE
M ORELDIIMICNE TOFH DI  HERL D DEINIC L A EE
WH L LR D 5

(3) W7 A7 7))V MEEW O GEM OB & |G B E

W7 A7 7V MEEWE S EMOB)E IZIZMEAKE < BIR
LTWwBZEeHentto/zs LL, M7 A7 7V MNES
We b WO R EH OB XITREVA, BHICELEZD
BENEL Db, T72, WT A7 70 MRS &b HEBIIH
GEMAIETE L, FEITMEIC XV JREE % AM I R5 IET) A
BTG L WEERELHL 0 E 257,

ST, MT AT 7N MNEEYORGEM OS54 % Fig. 7
VR L7 BRI 1228 Cldsd B & %%k 13F (E Part 1, 3, 4, HEAME:
F Part5, 614 LTwh, LoT, TAZ7 7V MEEHOD
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AT X 2815 7% EolEt 2179 % s, IREWIm kT
37 <, FilPart ICFH L CEBRES O UHINEAOH
HEOREFERITRIEIVWEEZONDL, 72, Part2 TOEH
DE &I, =—F 1 YRR L ORI GEH BT AT 7L b
EVIUDBAD AL EIZE 2B EAKRE L, hodRsa & bk
LCOUEIN: OGN ED LML REMIR W EZ 2 5h
%o

3.2.3. DUBhORELEEOHMERR & OB

T AT 7V MREWO X AT, W TR
HERZAT o 7oy, AL (O3 LR AT dpE 2 &) A%
TREERCBHIERE O DT RICKRE LA 52 5 0 BILHE D H N
BElid, BRI WEE 2R L, BN OmEE B & OVHE
BB (AT 472 R) ZKREL DD, BHEREO DT ARIINS
ko T2, BRHEDEVE A LR RIS W E) 2 7R
L, RENTOIRES L OBMERE (A7 4 74 2) 3/h&E %
HH5, WO O TAIIRELL L D,

C T, REBRSGUTTT AT 7V MESWAICOUER
WIS BT AMEFHEE L, Tables 1, 2 127R L7zxtSE b
W2 U2 BB 2 5 BRO§ A5 2 o @il % Ll 2 »ofEt
Ao FIT, HHESIT o 22T BERERR HB X UHET
WCLBEE BN ABAEOMIEEREY LT IIRT,

(1) WTHERICHEH LW 7 A7 7V MESWOBEET R
BRI BT B FEBRIEE & BIERE O U9 A O B tR
BT EREBE T, MEEOTFIRIE—T 40 mm x & £ 240
mm OBIRMEREE L, OFAREEIF 1.7x10%s7 & L7z, %
BB 1L, %KL 13F Tld —=50~+20C T 10T H A&, JEkMET
& —40~+50C T10C %A & L7z %Hhi 13F OHEER O 0
AL 20C TH200% THotzo 22T, EBRED LR
20C & L72DE, APL—FT7A77VIERHIHLEZT A7
7V MREWIC X HEHES AR 20C BE L TIITA 50
FRU R 5 EEBD N2 5720 TH 5o PO mE
ED O A1E 10T LLETH 2.00% (RS DR & %2 - 72,

(2) FEBRULEE & B3R O O A D IR

T AT 7V MREWOFEERRE & BIERO 0§ A OIS HE D
MR, MfbazZ8ihie 45 SsTomieny, Mibsk
D ESIRA, M2 20C DB B L IFIE—EOMEICIUR T A 1
MERTY T72, ALY BEMHERLET A7 7V bBLY
YWET A7 7V b TR DAER L 728k ET 27 7V MR
EMOBEEDERE (O3 AEE: 30x107°s™) X hFoni:
WHERF D AL 10C DLET, 7TATZ7 70V NS V¥ —DH
BB L OEmERE (120C, 135C, 150C) 2Mb 5 T4
0.80% DO —FEDEINET 2 Z L 2 WSR2 L TWh,

(3) ¥ AHEE L BIERO 0T ADBR

MIRLEEF ¥ v 77 27 7V MEEWOERD R (FER
B =30~+20C) s, OTAHED 1058 5L (O
FAME: 107 s BLU1072s7), EBRIRE & AR O O3 A
DX EAE D BRI B OTIRIEZE b & 9712 3T R immIc &
T NTBEY% T, ZOBRIE, OFTAPHEETH B 720,
TEEEE D O A ORI L A (RIS A2k d K& v,
EERERICL D L, Wbl (0C) TOMERO ORIV
AR 107 s DFERE 100% &35 L, OFARHEED 1072
s OREEIIRI30% Lo TV, T2, FOMOIREHIEIC
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BOTHOTAEED 107 OFEFF I L TOT AREED
10257 OFERIZH 50~80% &> TWh, ZHIZLY, 1045
BEOOTAMEOZE TS, BEEDIRRBERO O3 AEE T
WO O T ARICKRELSHEBE G2 2 L9 05, 72,
IFERER (OF A 37x 107" s™, 37x1072s, 3.6x107s
BIU41x10%s") THRBRIS, OFREEIEEICHR DI
ey, EERRE & BIER O O T AOBERO M OTIRIEZED S
FIZSCTRET O EERMIZT 7 3510,

(4) WTHRERIED T 27 7 b MREEWAST 5 O Bl

SHRRETRE I O 7 A 7 7 v MEAW) O FATHEEE & O Al FE
DRI, HWAY 6 km/h THEAT L72HE& 0 O3 AL 107
s, 60km/h THEATLAZHEDO DT AMEIL 102s! & &N T
WA, I A IEIIRER T o 72 WT iR B # E 07
479 L 94kmh L2 D), OF AR 1.6x107°sT & LTH
biMtd, TOUVTAREIL, FHHSIUT o 2B HETIERRD
941 f5L 7%,

(D~@) &Y, TAT7IVINAL Y F—F72 3T A7 7V
MEEM ORI X ) BIERO 0T AR D EE L % 55,
fAINOBAEICS 20C BE XD EIICR S & —EDMEICEHET
LrEZONDL, T2, OTAREIZLL 28560, EEBRR
FE &R O O F A OBIRATEINI > T2 7 M AR
B bh, (4) TRLZZL I WTRER &35 BB O
FTHHEEREDAETIE, WTBROEBRIRETH 5 45C Tl
OFHREICE LY 7 M aORBELZITenwEEZOND,

PDl&bh, WO os5RO$AE2M 7 A7 7V k
RAEWE 12200% LEET L L, RERBITELDHES N
TR GERICA L TV B JE 25 R34 (Tables 1, 2 D
BEZR) 13200% M EOLORLZHINTWDE Z L
5, EREEOHmAEITICBWTT A7 7V MESWOKH B &
UNEBIC O D EIN DS54 LRI ICE AW el A L& 2 b
%o

4. #*

RWIEPSHO DI R o 2R EMORBEUTICE LD
%o
(1) KEZROTAOGAHBIE, Bh 13F TIE Y 1 Y Ol
£ 50~60 mm A2, HEAKMETIZS A YIHRATIZH 5,

(2) R 13F T3 & A Y E OB 5 oK & Y iE s 10
mm 2, BXOY A YERES, 44 VE FOFERSHRITK
XHROTAHREELDEGPHE SN,

(3) HERMETIE Y A VBRI, &4 YHRESO%ESHIhIC
KREROTAZELLESDR SN,

(4) PEARMED 7 4 X BEFELS T OB IZHATII KR & 2 0%
fEoTWwab,

Doz ent, TAT7 7V MREEMODLIZLINIZ X 5%
FAid, BB L ORBIOATIEIZR L, BEIARTIED 5 Wi
AW AFER B L OCPIRICETB Y, ETREROHEm (F
FoksE) L ebic, TNEDEFAOVEILE 2 ) R I25E
B AURRMENH D EELIOND, T2, WITREBRLVESR
7R OG- B I A R TIRE R L Tn b 2 e h b,
HHEOT AT 7))V MEIZBWTODEBLIRAIVNE , El
WCOENSFEL TR CTD, NECTHIESAE L TWAT]

il
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SREOFRA—IVEZ v X THBRICKUTRT
W R, HE WY, HE
TR
™ iR

BHCTEELL 22 BRI T A7 7 )V MRS (8% 13F) B X
OHEARMET 27 7 v MEEYW Bk 2HWkA =V T
v ¥ IREEER TV, WEEAFNOEMOE) & 5%
frinfgobame & ICHEOEN L FMICER L, NE0UE]
NOFENHT B R % 47> 72

SER (# 1 B[, 2500 pass) 1@ 0 pass, 600 pass, 1900
2500 pass FEDEH OB & & MEAT L 72RER L 0, %k 13F
, HERPETIE S A

pass,

T & A YTisG £ Y 50~60 mm F£EE 4l

FHFFEFE, 060-8628 ALMETALIXAL 13 474 8 T H

VG CHE & DR E WEM BRI TR CHIBIZb Boh
720 FRFTRER BSOS N2 RE R 2 O id, BEAEO S R

BRI

k%(i@ofw:olﬂﬁ%,

WOHSERE D DT A O KB
INFETEZLON TV Do

BIFAT A7 7V MRS

RN IC B B EEET TS NSO OEI IS A L, IRER
OFFBE L HICRENCOCENDSHEN LTRSS 5 2 L 2 W]
ST L7z,
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