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ABSTRACT

PURPOSES : This study is to evaluate moisture susceptibility of asphalt mixtures by using non-destructive impact wave and to determine
durability so as to decrease the gap between before and after freezing in the future.

METHODS : Using non-destructive impact wave, this study is to determine the dynamic modulus of asphalt specimen. Furthermore, the
results obtained from two experiment accelerometers are used for the dynamic modulus determination. The dynamic moduli of specimens are
compared with those of the freezing-thawing specimens.

RESULTS : Test results showed that the dynamic modulus before freezing and thawing environment loads at each temperature dropped
about 3.7% after the environmental loads. Furthermore, correlation analysis indicates that transition of dynamic modulus at each point is about
89.59%.

CONCLUSIONS : Evaluation of asphalt mixtures using non-destructive impact wave has excellent repeatability and simple equipment for
the test. Consequently, the method in the study will be useful for evaluating the characteristics of a various asphalt mixtures.
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Table 2. Data of Specimen for Evaluating
Moisture Susceptibility

Height | Diameter Volume Dry weight | Porosity
(cm) (cm) (cm®) (9) (%)

15,025 10.007 1181.740 2496.5 14.71
2.3. Al

2=t FAAE Fig, 33 o] gk ¢}
olof(wire) TS ©]83}%] Free-Free X70E F%9
njeerom - Accelerometer(Input)& %2 ElFshH=
A& 9ote] oF lem HolXl Aol FaFstelct, uhA|
1o 2 Accelerometer(Output)2 SAIA1Y 540 B-
WaxE o|-§-sto] F2tsgict,

T S gold ol dFEs =9
Accelerometer Inputd Outputel 4 AT E
Aokt

TS B7sl7] flste] oA AWPE FAAE
KS F2398 otATE E3hE9) 2 AR Al 1f
off ZAsto] st SHARE KS F23982 U=
FBAAE 7SR O R 2 Ao Bl X

Ay

A o, e 2 FAAIE t2A SA) 230t 7h

, TFEpA] Aol A= 25+£1C 9] g =z 7t
i 2 SAAE MRPEE e 7127 Al E =S
Sol 20| A, T 2 SAAE 2
7ol vlsh FAA Wit F=9] At w2k F2o] =
U F=oll &0l sl Wl Aol vis) +2
off tig s A 54 Al ddgtol vlulshA vehtA
o}, wepa] 2 AFRolAl= KS F2398K ot W 2291
-20+1709] 235710 24A17HE3E 5 AA AL 52
T 60179 Farxo $2H FAAE A 2443
e BBAIZIAL ThA] 25 £1C R AT 2357100
AA7E S20] vhE w7k oF 24417 RISkl 11
SAAY 52 A 59 FRHYAT SHUE vash|

9fstol bH ABHA YA B2 W% P s,

jm or
S
ofv M

2 W o
T

3. Hiota| SHOE o|8st SHEMHIA2
ZEY

£ AR E TR o W LR
Sinusoidal FEH9] FE3F) W2 WFGS 243}
of FRAASE ZAskch E B AT
Bo] L5 Al7to] ol At BAYo] gtk 5
Aut B AoA] AL Hahy AT AR 94
S Wb e AR AR U A W goE Behy
Aol E4o] st wWebAl vlsty FA5E olg
S APPHOR SENPES Bohstag st

Accelerometers
? (Input, Output)

ST
Receive r

| View Of An Inner Thermo—hygrostat

Computer

| View Out of An Thermo—hygrostat

(C) System of Non—Destructive Impact Wave

Fig. 3 Equipment for Experiment Using
Non—Destructive Impact Wave

ol

=258 =28 - M153 M35 55

r



B ATl M Fig. 3014 B vhe} ol ulsky %
A5tg ol gstel L W FATY FupUR SHbE
e SASIL, AR Lo B2 EEe ABE
G710 ol ol Aol Yok e
G2 ) I AHES AW F T o} 2 7EE
stel £242 7h3) o) W2 P2 SHEEghe

i~

(
%E—E— (S 0. Oyadulo, 1985)
1%+ Eq. (D9 #AAE o]&st

E,=16pf*I*/2n—1) 6))

Fuk, L& FAAY Fo] 12T n & AR
ot &, ABL B ST gl AgHE L 9
,g_ ig

v

4. 2S(Signal) Hlu 24

Bl SAT; AR AJHY| 3 FEo] S5
(Impulse)& Aststal ojufe] 41&(Signal)E AlHE

g Z o A ZA st ¥ F 34 (Resonance
Frequency)®} Z4]H](Damping Ratio)E& S%sto{of
3t} E3F ol ATE TEMEo] HEMA o] EAL 11T

v

sto] Bluhy| FAUE o] &3 LEUAES —d7}0}7]
Helds dde T3t dofdl o2 7HA Az
(Signal)& F§2# o2 detsl= 7lo] Fas)ct

watA] B Ao A= Time Function, Time
Weighting Function, Coherence Function,

Frequency Response Function®] A% (Signal)< H]
L A s

4.1. Time Function
2 A A vjaty F4aE o83 o
2 7 (Impulse Excitation)©.2 ofj-$- & A|7F

oA 24 sEola,

I @ o
=1 a 2
& & &

™
-]
&

Acceleration(my/sec?)
PR
3 8 =]

@
a
&

o
2
&

0.1 0.2 0.3 0.4 0.5 06
Time(sec)

(a) Impulse Signal at the Input Accelerometer

Acceleration(m/sec?)

|

—
=
=

i) M

! Vo
ATl
l |

\
¥

T

l
|
1] W/ Y|
\/ '

0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035

Time(sec)

(b) Rippling Noise Signal at the Input Accelerometer
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Fig. 4 Impact Signal Obtained from the Output

Accelerometer at Normal Specimen
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Table 3. Frequency of Peak Point at each Temperature

Temperature Hz
Normal First Freezing

5T 5170 5026
10°C 5090 4922
15C 5074 4678
20C 4942 4352
25T 4270 3880
30C 4306 4040
35T 4334 3966
40°C 2986 3878
45T 3916 3614
50C 2534 3078
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Table 4. Dynamic Modulus of Asphalt Mixture
Before and After Freezing

kPa
Temperature
Before Freezing | After Freezing
5C 21013 19859
10C 20368 19046
15C 20240 17204
20C 19201 14890
25T 14334 11835
30C 14577 12831
35T 14767 12366
40C 7009 11823
45T 12056 10268
50C 5048 7448
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Fig. 8 Determining the Linear Dynamic Modulus of
Asphalt Mixture using Non—Destructive Impact
Wave (a): Before Freezing (b) After Freezing
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Table 5. RMSE Analysis Results

Temp kPa
The difference of Dynamic Modulus| RMSE
5T 1154.3
10T 1322.38
15C 3036.09
20C 4311.02
25T 2498.89
30C 1745.36 2194.07
35T 2401.33
40C —-4813.6
45T 1787.83
50C —-2400.2
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Table 6. MPE Analysis Results

percentage(%)
Temperature | The percentage difference of
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