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On the Response of Asphalt Mixtures under Repeated Impulsive Load

Masami HiwATAasHI and Mitsuru UEDA

Abstract

When the vehicles run away on a road, a certain point of the pavement comes under influence
of dynamic load at a moment. In order to clear the characteristics of asphaltic pavement under
repeated impulsive load, writers have performed an experiment as following. Firstly the specimens
for Marshall test have been made of coarse-graded, dense-graded asphalt concrete and topeca with
or without powdered rubber.” And then a test head setting this specimen has been placed into 60°C
water bath as shown in Fig. 1. The whole apparatus has been set under a mechanical compactor
forthe preparation of CBR test specimen. The rammer of 4.5kg weight has been automatically
-dropped on the test head covered by a rubber cushion from 45cm height. After a certain number
- of “repeated dropping, measurement of deformation by means of flow meter and Marshall test

.have: been..performed :for each specimen. The resuits obtained in these experiments are mentioned

-and - investigated here.
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Table 1 Properties of used materials

Aggregate
Item Crushed stone Coarse sand Fine sand Stone dust
Specific gravity 2.731 2.633 2.629 2.724
Produced place Sanyo cho‘ Aio cho Toyoura cho Mine city
Asphalt
Specific gravity Penetration Softening point Flash point Ductility
(25°C) (25°C) C) c) (15°C)
1.031 96 45.0 318 150cm +
Powdered rubber (crushed olden tire)
|
Specific Burned \ 0.85mm 0.40mm 0.25mm 0.11lmm 0.074mm
gravity ash | passing passing passing passing passing
(25°C) (%) ‘ (%) (%) (%) l (%) (%)
1.49 404 | 99.8 71.5 | 43.4 21.2 16.2
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in weight of aggregate

Kind of proportion Standard Maximum density
Grain size | Coarse- Dense- D=25mm | D=20mm | D=13mm
Item : graded graded Topeca ;
(mm) ascon ascon n=0.38 n=0.40 n=0.42
25~20 12.5 0.0 0.0 8.1 0.0 0.0
Crushed 20~13 21.0 10.0 0.0 13.9 15.8 0.0
13~10 9.0 10.0 7.5 7.4 8.4 10.4
stone :
10~5 17.5 20.0 10.5 16.3 18.4 22.6
5~2.5 12.5 175 | 9.5 12.6 13.9 17.0
Coarse 2.5~0.6 15.0 19.0 25.0 17.5 19.0 22.6
sand 0.6~0.3 5.0 5.5 11.0 5.6 5.9 6.9
Fine sand | 0.3~0.15 2.5 6.0 14.0 4.3 4.5 5.2
Stone dust <20.15 5.0 12.0 22.5 14.3 14.1 15.3
Total —— l 100.0 100.0 100.0 100.0 100.0 100.0
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Table 3  Density and saturation of specimens
Powdered Coarse- | D=25mm Dense- | D=20mm D=13mm
Item graded graded Topeca
rubber ascon n=0.38 ascon n=0.40 n=0.42
s 2.37 2.4 2.42 2.46 2.32 2.42
None g
Saturation 67.7 83.6 773 86.4 64.1 79.3
- (%)
Density
Adding (g/cm3) 2.37 2.43 2.40 2.42 2.34 2.42
Saturation -
/
(%) 67.3 79.4 73.4 77.4 66.5 79.7
100 Coarse—graded ascon Dense—graded ascon Topeca
T TITT] [TT 1] T[]
_ —O— Standard ~-®-- Proportion of —O— Adding pow —
£ 80} ) i —
£ —O— proportion = ~@®-- max. density =-®--dered rubber
S 70 ©
T 8 _:gr
3 1 == iy oy 49 - -
S L - +® -~ - T b - i~ -
| g BETE o STtk o ° L
2 o1 =8 Faol or [ °
=40 - ~FCx purn
3020 : 8 el
© 5 &
20 o
10
0 :
0 60 120 180 0 60 120 180 0 60 120 180 240
Number of impact
Fig.2 Relation between number of impact and flow value
1500 Coarse—graded ascon Dense—graded ascon Topeca
©
1350 _—
o 1200 s e o ]
- Lo- PR ™~
< |- © ol Lo o 18- ks
° 1050 P Bl /_/ |®] =2 =0
3 _dé ) 5 - = @l - _--
3900, PR el L Y P 1R ) @pss Nife. AL otdss
©- ot @® & 7 L -
a - - ©
2 750 O "=’ S
g 600 |G L ‘e ©
i %/0 hd \%\
450 =
300(‘__ O— Standgrd --@®-- Proportion of —©@— Adding pow - |
—©@— proportion ==®--max. density ~~®- - dered rubber
150
LT T | [ [T ] ENEN
0 60 120 180~ 0 60 120 180 0 60 120 180 240

Number of impact

Fig.3 Relaton between number of impact and stability value

if=pie o d3i 40 4t



230 ( 4)

->¥ic Fig. 1 TRUNEBEIC-EEEET 7> <
— R EFR B, <— « ARBRBPIT8 - I2KGRD
Fig. 2 B8 X3 IRmEIN TV B, T b ORITIZEKR
FRDELWES 2 —DDRHCENTH H, »EHIE
EONTIINAMOIEFDL SR EMNLBEED
a) 7o —~{EEERS XY BABER SO
<, b AREET CREBEEPEITERE L
%, Z QMY CHEREDSEEOEM & b ik
B Ao EELONG, b) KEMES »AH
3 CIEELERER E2 2L LI THERT AL
Ehbh s, COBSE T[0T l] & XidnTe
U TEEORIMGERT 3 &2 5N T35, ¢) |
K7 2 2y TREXNBEREVEEEIRS VIR
Y, MOETIRICNE Lo TWAE, TIUIZLE
{ESPEE IS DB TR 2L, Bagficildh
2120 ThH 3, d) BR= LD T & 3 LEEDE
INEERD ST,

4. REEEEEHROBIER
AR DSEER T AR —E BIR7E T W% 5 2 1

O IE X-LE H

{iiy

GREAN TV A, M EDOOEMIHERTA 3 FiTxdd 3%
BETH->T, T o2FDL5T B NLET
H5HH, a) EEREEMSET KON TEMNIZEAT 3
H, ZOEMEIZRBICHDL THOVviE—EEITY
Y AERMD B, T ibb ARk R %
BET 3 EMbrd, b) —EEFO EHEIT 3548
Mgk Fig. 31CRL i — » VESEE DRIV
DEAFITEWLTMIY, ChZERENKENE—E
HEITT A ETEIZNINV E W S ERAESH» 54
RIS & B3, © ULhUB K= 42EHEMUIL
BB OEREBESHESEKEDPN S, T2bb
BAR T A REEGL TS LEMITEML 00, AL
BRI TRTOEAITHL TNE 25, ChidERd
REFFETT A7 7 NV MIT A % AN B & EHEEITHRN
Wb TINA L E2FFALICC EiITIE 5,

O ¥ ICHEBERL n & O ¢ & ORAG % BRI
Mg 5120, ARt E Rk & FL Fig. 5 CRd
Tx—2 P EFADEHTEELDEEET S, T
ko b AR & AL O BRI HRR AR 2
HOETWBL, F12CDERIE 60°C Tfighb T

B, 7o—x—g—TEMNPHEAL KRN Fig. 4 EpHT A7 7N b BHRICENEELENBDT,
Coarse—graded ascon Dense— graded ascon Topeca
11 OF :
{EEEEENY; 1] [TTL]
ol— / =-=@-- Proportion of —O— Adding pow — -
g Standard 4 --®@-- max. density  |+=@-- dered rubber B
8 ———
E PT()po’rtLon/
§7 - =
2 ® -
E 6 r({ '/‘ -]
S5 / // i - | @k -
Q -
. ] ‘@{ L - , :8,/ -
ol y ., P P I == = £ - [@ | ] O
2 of ’ ./:Q"""h L T
oa P4 ® L [
18 © & ©
1 &
0 - :
0 60 120 180 0 60 120 180 0 60 120 180 240
Number of impact
Fig.4 Relation between number of impact and deformation
. E
F(t) - at— F(t)

Fig.5 Voigt model

Vol.21 No.3 (1971)



MR UEEBE R 57 27 7 A P EHOHRICONT

HMEERICERINA 7 + —~ 7 P EFARKEELTH
AREFEELNZV, COEFAICHME & itk
163 2THE F(1) BIEAT 3 & &oRBEHENIFH
OB HYOKDOTELINSG, CLREBIT 71d%zh
FRRRAERBLIOIE vy 2B o VEBTH A, Q)

F(t)=E3+77%,§ .................. (1)

O—RREEI T OB % o EFTNEDFDI ST
3. o T F(r) dgdsEz 6 b L EEOER 1ic

e:e‘%t{eﬁ— S F(t)eﬂ dt} ------ 2)

BIT20THc Z@QATHET 2 & TES, &L
5T@ﬂbﬁ§®%~FCE%,A%,Zﬁ%@£%
DTG RIS > ThiZ Y EHETH 555, HERANITIE
Ch%?«f%ﬁﬂﬁmm?7~vlﬁﬁfibic
EWTE S, VWEORR@)FUAUAL THLOKES)
213705 & (OHRD 251,

a it 2m d .. 2m
F()=24 3 amcos™t+ 3 busin ="t
2 a2 c me1 c

2 ammceny

_E a E -
ot o ( )
e=e 7 [EO"‘"ZE(CW 1 *‘m;

E cE 2mn . 2mn E
t il —_
X {e 7 ( > wcos o (tsin— t) 77}

2 bmmeny

r 2 mn
e -t
+2 4m27rf-’772’+C2E2{1 e (cos c !

+2fn€mx SinZ’Z”,)}] .................. 4

INHBEBEORY t TB1T 20Fh ¢ 252 55
rRAL N

U U736 COTUIMSEHTH Y, FedbEo
HELRSTERZONOTL L TROFD L 5 ghilk»
F2 5. 3T/sbb Fig. 6 17T BiNEE% Fig. 5D
Tx—=2 b ETNCVERIRS E, ZORE x(t) 13

4 m2n293 4 c2E2

(5) 21

T 5 THREEL 0 FER D Fig.7 0L 5

o
) _ g Lx(n=e

Ex(t) +7

AGERTET 5 L, Bl ik TEOI—ED
BT XD (—o) BHEBOVTE x(t—1) i, (5)
A»B2FD LT B, L TIT Fo l3EE 1%
L 423z DVERRTH . - T Fig. 7W@ndn

x(tff)—i_;oe*](“”dz .................. (6)
EOEZIT & 5 t B BD0TE % o EFTHE, (6)
X SERGEDOFBIC L o TRV T B, 2T

0 _‘(L—‘—)

En——l_. Al

T r:k(/l+A/1) t=n(A+4R)

LB, COHREL2EFDL I

Bz oA, &
51T Fodl/n=a, E(A+42)/7=b

n— 1FoA/I _Eom—ryaran
en= =
k=0 7
Fodd _E g
:——Ow—e n(HM){l—e vn( )‘)}

I
——(x+42)
{ 1—e 7 }

CEizkh (DAR S BH, T AUIEEER
e~m0) /(1 —e ) cuerieeniaaeen D
EZDE FDOT B OB FEFEDLTHA &4
3,

& Fig. 1 CRUTCEREER, —EDOE Ih
5 Iy < — R EERIVICHK T X 21255 O ER R
BRDBIID, TV~ OTEHES —F RIS
2 — X — TRe & B 1 A5E D Fig.8 O iR adn T
W3, FHOXIZELR 10cm OFHR 2o — Nt
v % BRTENC HED T, I 30km THEFEZIES Bz L
FDEFTH 5, WEDETRD L~k L
TWAC EFEEIET 3, 285 EAEEHEH

LS

en=ae (1 —

TERED MR 2RO TL6n33FTHs, & FRETTAESOELERO T~ N, EFHLH
F(t) F(t)
' -—-— -
. F
/L Fo
—‘A_l_-— — ! -J_-l [ ] 7| [ o [ AN t
LY AN AL AL AL AL AN AL AR
I ﬂ;h/l-n t=A > w\—-.r-A—: P :-)-: r,x—n:’
[ [ b 11 " i | | "
Ir--——r—*-*—~— (rr) -- -~
|

Fig.6 Unit impact

| 1
Fig.7 Repeated impact

(18] Il B ROk - e



232 (6) B O IR,
» l  as0ke }-‘
4 /
Y- 0. éec.'.,
__,0,'1?“'— - - 16Sec. - - - Qe

[ b

" Due to dropping rammer

. I T
. } ) X
B 130k
4/\ Front Wheel Rear wheel 1:?0 &
. )

el 0.03Sec. -
L See o 028See.. —— - ~m

Due to driving automobile

Fig.8 Practical impulsive load

EHERUNTESCTHRTEA» 5TH 5. Fig.7 &
Fig. 8 2 Hisd 3 &, RIEVEMWNETDH 5 DITHL
BER ARG, fEoTLDERTZHNI
ERIE & BN DG ()N TIRNTT 51 i3 UM
Y B BD, T Tik—IG Fig.8 itimdn T0a &L
51 A=1.6%, 44=0.1%, Fo=350kg & U TEtH
BYED BT LITT B,

FTTIFEEL 128 0D RILOREED 5 EEZ KD

F:EH

i

BB B/PEREZHVIOBEAEZoTNE TN
&, KDL 75 o TRIEVES TV DT OHE
bEEELR 2L 5, Tabb I EEOH » 5 kHE
2 k OB T 5 OF B er 36 L OF e BAREIC
WYHUT, DRRAT S EXRADPFLT 2. (8)
cr=ae=0( 1 —e=kb) /(1 —e=0)ereererennn (8)
cok=a e—b(l _'e—zkb)/(l _e—b) ......... (9)
RBITORXBHECHFENTRA 2 5 5, E->TL
Kb b DERERD, chzeIORRATEE a
a=cx (1 —e ) /e-d (1 —ek?)
b=—1(2.3026/k) logio(eox—exr)/ck -+ (11)
DEMRED LIS, TOX iU THEHINK
a B3I b DL, Fig.8 ITRENBZEHES a=
Fod2/7 3 XX b=E(A+42) /7 72 3RfRAL T,
REEHE & Kooty bERy 25 BU TSR
% Table 4 1T/ IN TS, THd» SBK A BN
T5EAFEEDDLEVIERT L EDbY» S, BB
e b DERE (7T A THEEE B & 20 DB

G REET 5 & Fig.d 0 iy, BIEE IRE

L OHEERHRE FITD AT £ %RU T3,

Table 4 Spring and dashpot constants

Powdered Coase- D=25mm Dense- D=20mm D=13mm
Item graded graded Topeca
rubber ascon n=0.38 ascon n=0.40 n=0.42
N E(kg/cm) 181 754 619 418 1030 529
g kg-min
() 1o 1008 1137 924 1668 1392
ddi E(kg/cm) 488 773 1089 1075 1089 828
ing « Keminy |
g-min oo
(Em ) | 1109 1170 1575 1065 1575 1071
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