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This paper presents a study ""of time-temperature dependent behaviors of
asphaltic concrete AC40/50; ACB0/70 and AC80/100. The samples of dense grade hot-
mixed asphalt weré mixed according Marshall Method. Limestene with the nominal size
of 12.5 mm and asphalt cement p‘enetra{!ion grade of AC40/50, AC60/70 and AC80/100
were employed in gthis study for agg:ceé"ate and asphalt binder respectively. All
specimens were prepared usrir‘\g'the gup?fpave gyratory compactor and tested
according to the static indirgct tensile tes%', the dynamic indirect tensile test, the static
uniaxial compression /test ‘and the dynamji;:r_.un}axial compression test known as the
Dynamic Creep test. During test, the tembénﬁtgres were controlled at 10°C, 25°C, 40°C
and 55°C respectively and’ the strain rates__;wrelfe; controlled at 5, 15, 50 and 150
mm/minute respectively for sfatic modes. T‘h_e‘nrf;sults can be used to construct the
relationships between stress and strain, eiafs't.i'b";rﬁddulus and _strain and permanent
deformation*and numbers of cycles. Moreover, the results-can<bé/used to find resilient

modulus and-‘simplified as the empirical equations for appfoximated permanent

deformation of asphaltic concrete. These could be employed in the flexible pavement

design.
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Secondary creep
Creep rupture

517 2.11 ATANNLATUIUTALIUBIUINNTLI
(Typical relat|onsh|p between off _' -. | nt strain and loading cycles)
.,_ s @ and b)
Y )
e, =aN’ i (2.3)

U ARHR IR

[5|’1 UUAR NQ‘V]’N"Q”@’mW?ﬂ%%ﬁl‘ﬂ@ﬂ%’)%?ﬂﬂﬂ%ﬂﬂ?“ﬂ’]

ammmmwnwmaﬂ

waaWasiaziuaas LM@’JM‘L&@‘M?@“HQ\? memuquﬁuﬂﬂﬁumﬂaimmmﬂum B!

asAtlsznaunan Astiuasansnsnazanaldluanfueuladalns (Cs,) weaiasiasugills

dl ' a o dl ¥ 1 ¥ dl a QI 49( =2 ! Yo
anieagflugnuginuazainisnlasugtAesnad e nungiingeau aesnanalddn

a



19

waafladinnsanTAiludanuiatinneu (Visco-Elastic  material) Aa Nauuniafily

< A 1 ! dl a | A t:ll a v A o <
UBNLLINEAUE U @QMW'@MMQNQQMH%@QLM@QVU@ LL@xﬂﬂ'MMﬂNMﬂﬂN@ﬂﬁmzLﬂUﬂﬂﬂﬂﬂLL"II\‘i

a

nagfasnuu 1 lun1snaziietanistiunLsaandy 3 a0e TaLA weaWasE 106

(Asphalt cements) waaWasanadi (Emulsified asphalts) LazAnuLALBANAR (Cutback

asphalts)

N
WRRW A D LN UG (23?%

(Bitumen) fluasAilsznall

o aa
AT HLNLNL

U

ANURU AN ALARS

U

a [ a a a A ¥
‘mmgﬁlm Tutinaaanmaunzanuldann
J —————

NNIUDNAULAILAY UNINNIAINNITNAUINEY

Grading System) 3¢ 7ARN : rading System) uazszuugililasing

(Superpave Grading ¢

i Y HINUNTNYAAT
’Qfﬁﬁa\‘lﬁ%’fﬂ 1NIINYIAY

’&’]‘MT‘I.I’JME]‘]JTV'&\‘I ANINIAINTINUAZNIINAASN ﬁm@NUﬁlﬂiﬂ@ﬂHva'ﬂW’\vﬂJﬂ\‘l

o o

waailasdunmiudsdndoy W aouduman ANNLEQYE uazANLaandt



20
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2.6.3 AnNiaanna (Safety)
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AMNUUILUUTDIRIUNAN (Mix density)
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AN919N2.3 LNTIN308NLLILARE AN FUTA (81989910 Asphalt Institute, 2007)

Light Traffic Medium Traffic Heavy Traffic
Mix Criteria (< 10" ESALs) | (10°-10° ESALs) | (> 10° ESALs)
Min. Min. Max. Min. Max.

Compaction

(number of blows on each 50 - 75

end of specimen)

Stability 8006 N -

=%, | &
Flow (0.25 mm (0.0 ‘//f‘a\b\ T 8 14
Percent Air Void "//./ig l‘ﬂ\\\\\ 3 5

Percent Voids Filled ‘ \
) ’ G 65 76
Asphalt (V 1
Y B \
Percent Voids In Mg aI 7 \ ,
Aggregate (VMA) ‘ b el ¥y \ \
fayest /N \
AN519912.4 INnLFin1gear FIRHG LN an Asphalt Institute, 1979)

Vinimum VMA

M i ey —= ot

475 No. 4 sieve 18

2.36 No. 8 sieve 21

1.18 No. 16 sieve 23.5
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2.15 nMsaanuuuwadNasnansaunledsgilidasin (Superpave HMA Mix Design

System)
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2175  HAURIRAUNNANNARNITYUAI01TVRILRANAANABUNSTA (Temperature

effect on Permanent Deformation of asphaltic concrete) (64n3 ﬁug%’mﬁ, 2552)
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a=93.6exp(~0.02450); R> =0.632 (2.13)

b=10" exp(-0.03220); R* =0.847 (2.14)
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A15199 2.6 NANINAARLAMANTRLATANIIDUTIRIAAUAATARNABLNTA (WAL, 2552)

AULININTNYINS

Limestone
Type

40-50 60-70 PMA
1.27 1.63

Indirect tensile strength (MPa)
0.36 0.44
| 5,267 5,737

Resilient modulus (MPa)

— 1,488
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3.1.2 MSNARAUANTALAENAATLNUA (Asphalt cement properties test)
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(Resilient Modulus) Ingiunmsg1u ASTM D 4123 AvunlifldAussfanteion o goumnnd

o A o g

25°C lunavinunartugaaruiazesngmn atelsfinuluanuddeilainisszyns

q Kl
' 12

aa ! v o A a aa K o
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o

Iuﬂﬁmmﬂ m‘lﬁum@mumﬁ
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o
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o
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A o o’/’ o dl ' o dl b4
AURIUUNINITNAABLINE I ANLIINTZINA L bunng

naaaUusazguun L g tgafilaanmanageuuLLaTn

(81989 UNAIN HM 01: 969N AN99L 1k TaNA lANBRLY
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WaEULLaERINAINIATEARINA1I N AUNANITRRUIANIAE N T §RUINARFNA]

TuszAuqana (micro-cracking) AunszvissatieueaaiaRnAIUNTANINANY AaugIn)d
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3.4 NAUBIDATING LAUTILALQUNNH

u

3.4.1 AMsIN19L1LSe (Rate of loading

=

AELALBNTDITAALEATAANARLITA LntiA ARATHAMLTTUAINERTN
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5 Lummnﬂmuquﬁ
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3.5 LATAINANARALLALAMNATLDEA LUN1FIR

3.5.1 LAsAINARAL Instron UTM-1.2 MN

a o d’l v dl
U R LATag

1H18987NLAFa9 Controls  UTM=14 kN 3 NN wed I un 9 LN TE N LLLAT A Tag

W38N Instron UTM- afnAouNIALAAdlugLR
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GEGNY selLULATIALATNATR
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U



0 mammw ﬁ“ﬁ?ﬁl Ay

9

90

gﬂﬁ 3.10 Instron

3.5.2 Lﬂ?@mmau e

;,l':.'.,;_;n 4o
ﬂunQElusLﬁ]Lﬂ?‘ﬂ\‘i COI’]ﬂ'GJ-S—HTM 1 ']TV]ﬁ@‘ﬂ'}_lﬂ']?slﬂl,l,ﬁ\?ﬂiuﬂqLL'LI‘U‘W@'Jm

‘Emmmm Controls UTM4¢WW§$%‘UMmmﬂmmunmmu@mﬁamn
ﬂ@um‘mmmlﬂﬂm 35 —‘-!

= v °
Egjﬂﬂu LTNNTENLAY

RNy FANHEUTUILIINTENN

ﬂ:—rm@wmmm’?m Controls ~ UTM-1
" = 4 d
ANHOICTBIUTINIEN WL LIARY LAZES Con
[}

1
| A

THuanagilsna mummwmﬁqmu%u Haversine wave) 18 m@ummﬂu (Square

|
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lun19AILANNIINIUIBLATINAREL Tagnitansadiniuscunaaniaaes saulia
LVDT Geaunsndnszezlfiazifenis 0.1 fadwnsuazscuiiunindeyanisliiusanszii

dougaiinaAaganuas (Software) gnlilunisi@enlaeszndnessuunisdaauiuLAsey

NAABUKIUNIG CDAS
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ANWOLZTEU LURF0AE NRRNARITIAATY B
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N@ﬂizzwum\‘iﬁmqm A IeeliiAS Tempera ient 1¥iN1+0.008%/ °C Finaeing
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3.6. ANUIUAIDENTLATLIRT LUNISNAFAL

o

7991 a7 TUNINAZDLTBILAREN1INAFBLTUB L LA ALVBINITNARDL A1ALLIN

a

v K

faaninisneaeuluani1asuuuain 1‘] j LAnAtNNAanIIadaun a1 14 lunng
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NAFDUANIIEULLNATR (Dy ¥ f' alunismegauaniaziuunadn tne
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WEALLUUS AN AUANLE e (Unconfined Com pression test)
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200NN gy
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..1'-'-1 .Tw =% 1
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4.1 NANISNARDLILFIF t tensile test, S-IDT)

b

a

dl o
slasunlasgnun)iuasdns

a

uadNa s LNwe AC40/50

s - - ¥
NANITNAARLLLING NBAHLLL ANIEAN Lﬁﬂmﬂﬂﬂuﬂ?mVINﬂNﬂ’]ﬂ
il
a a o Y1 ! = 3 ,oAa
AIMNLATEANNINTSNN llﬂLLﬂ AP ATAIMNEATER T8 ATLUUINHATAITHN
LAUgI4n (Peak “strai ] 9N AUA4A (Secant Young's
modulus at 5C Maximum  stress, d DNANTINN 4.3 LA

I

ﬂqwuﬁuﬁuﬁixuﬂ ) behavior) 1B95ARLAANARN
mﬁmﬁmuﬁ AC40/50 ACB0/70 waz ACE0

ARUNTATINANAY 00 I&uanalBlugLlil 4.1
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ANS19N 4.1 ATNIINAGALSULNAIN BN LAZNARNARUNTH AC40/50

Secant Young’s

Strain at Maximum modulus at 50%
Temperature Strain rate
stress of maximum
stress
‘C) (kPa) (MPa)
1493.26 1095.07
’ O — ’.61 1175.22
10
, 3620.41
"‘ﬁ.\.m\\
{\ S| ases | o
/AR NN
IR TN
25 -
liﬂw o5 e | s
i 12 : h \'\ 3.40 1606.51
" 0looos 1 N/A
10 00DE 1l N/A
40 —
0.0083"7 4| 364.41
600.23
N/A
N/ ';] N/A
55
147.29 4114
1IN 135.57
A %,Imf‘ﬂ S
ifl g

AR TUNN NGNS Y
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ANS9N 4.2 ANIINAGALSULNAIN SN LAZNARNARUNTH AC60/70

Temperature

(°’C)

Secant Young’s

Strain at Maximum modulus at 50%
Strain rate
peak stress of maximum
stress
SO 4 kP MP
0.2¢ 1022.40 1455.71
—-43 1.55 1805.24
.76 2470.41
05 3497.60
\k\
0 0'“ \\% 2.7 181.36
ZH AN
h - 01
08 \\\ 24 1106.25
ll *‘-'“ BN
ﬂ 79 68 1137.85
N/A
N/A
285.61
310.19
N/A
N/A
N/A

AR TUNN NGNS Y
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ANS19N 4.3 AMNIINAZALSULNAINIEaNTdLadNARNARWNTH AC80/100

Secant Young’s

modulus at 50%

Strain at Maximum
Temperature Strain rate
peak stress of maximum
stress
‘c) (kPa) (MPa)
1001.30 903.14
1 i 733 20 1374.70
10
‘\K 066.86 1602.98
m\% 3055.68 2795.68
0.0008 '!"u \‘\‘x 124.77
ii ﬁ\“\‘i&
25
| 4
08 \\\ C ' 56 729.24
ll *‘-'“ Jull
! _ \ 4. 3 1817.82
| s | L 1
N/A
N/A
498.99
326.34
N/A
N/A
118.47

, E Fqﬂﬁ 147.86

AR TUNN NGNS Y
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r=0.0250 sec”

r =0.0025 sec”
r = 0.0008 sec”

r=0.0083 sec”

2.5

r = 0.0083 sec”

r = 0.0025 sec”
=0.0008 sec”
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Y
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250
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150 3
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o (kPa)

25

0-

0.0

250
225 -
200-.
175 -
150-.

125 +

c (kPa)

100

75 -

Al

98

r = 0.0250 sec”

0.5 0.6

r=0.0250 sec”

U INENINEing

%
. € a Q/

(d)

51U 4.1 poNdNRUSITNIIANIAUTLANIATE AT AR L ATARNABUNTA ACA0/50

ANNNNINARDLLI PN NEDNULLADA 01 HIUUAHF97 (a) 10°C (b) 25°C (c) 40°C (d) 55°C
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i
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o (kPa)
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140 -
130 4
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110
100
90 1
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70 4
60
50
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30

ﬁmEJ'WIEmﬁWEJ’lﬂﬁ
Qﬁﬂﬁﬁﬂ‘imuﬁﬂﬂmﬂﬂ

‘3 ‘VI 4.2 ﬂ’)’n\lﬂﬁ\lwuﬁﬁ“"ﬂ’mﬁﬂ'}’mLﬂuﬂ‘i_lﬂ')’mLﬂﬁ‘ﬁlﬂ"ll@\‘i".mﬂLL@@W@ﬂﬂﬂﬂuﬂi‘m AC60/70

o (kPa)

RINNNINAFBLLIAINNEBNLLLATIA W gRUINARFNST (@) 10°C (b) 25°C (c) 40°C (d) 55°C
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r = 0.0250 sec”

2000 4 y

1600 - : ,l \ ' ) r =0.0083 sec”

o (kPa)
g
1 4

1400 =, ;
~ r=0.0025 sec

r =0.0008 sec”

2.5
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r=0.0083 sec”

r = 0.0025 sec”

400/ ' ¥
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0] | | Qs
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AR INEA Y



102

400 —
380
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340
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300
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200
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160
140
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100
80
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0
0.0

o (kPa)

r = 0.0025 sec”

1.4

240 H
220
200

180 r = 0.0250 sec”
160 -
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100

sqwawsws1ﬂﬁ ,
ammnimumwmaﬂ

Eﬂ‘VI 4.3 ﬂQ’]NﬁN‘WMﬁ?Z‘MQ%ﬁﬂQWNLﬂuﬂ‘LIﬂQ'mLﬂﬂ‘ﬂﬂ‘ll‘ﬂ\m’&@LL‘ﬂ’&Wﬂﬁlﬂﬂ‘ﬂuﬂﬁ‘ﬁl AC80/100
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1
a a

AMNUANNINARBLNLIINGUUNH 10°C daguaaiafinasunIninaNsouueailas

9 U

o A A4 0 o o = o ' o o o ' Iy
LNumWﬂ@qNTumNﬁ’]ﬂq@\‘i?ULL?\‘]@QW’N@@NLL@gﬂqIN@@@ﬂﬂ\‘iﬂ\‘]‘V] 50% 2BANATAITNLAL

e =8

dl = a = s . . o d‘
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