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Wittawat Raihuai 2009: Fatigue and Permanent Deformation Resistance Properties of Lab-Made
Asphalt Concrete Mixtures Using Basalt Aggregates. Master of Engineering (Civil Engineering),
Major Field: Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Associate Professor Watcharin Witayakul, M.Eng. 152 pages.

The objectives of this research is to study the fatigue and permanent deformation resistance properties
of lab-made asphalt concrete mixtures using basalt aggregates. Also it aims to test the engineering properties of
the asphalt concrete with asphalt binders penetration grade 40/50 and 60/70 (AC 40/50 and AC 60/70) and

polymer modified asphalt (PMA) to compare with the present asphalt cement grade 60/70.

Results of indirect tensile strength test at 5 temperatures indicated that asphalt concrete materials with
AC 40/50 have indirect tensile strength higher than those with PMA at 5-20 degree Celsius. Where as at 35-60
degree Celsius, asphalt concrete materials with PMA have higher indirect tensile strength than those with AC
40/50. Note that, at any temperature, the asphalt concrete materials with AC 60/70 have the lowest indirect
tensile strength. Results of resilient modulus test at 5 temperatures that asphalt concrete materials with AC
40/50 have resilient modulus higher than those with PMA at 5-35 degree Celsius. Where as at 50-60 degree
Celsius, asphalt concrete materials with PMA have higher resilient modulus than those with AC 40/50. Note
that, at any temperature, the asphalt concrete materials with AC 60/70 have the lowest resilient modulus.
Results of indirect tensile fatigue test at 35 degree Celsius indicated that asphalt concrete materials with AC
60/70 have fatigue life lower than those with AC40/50 and PMA respectively. Finally, the results of dynamic
creep tests at 40 and 60 degree Celsius indicated that at both temperatures permanent deformation failures

initiated in asphalt concrete materials with AC 60/70 curlier than those with PMA and AC40/50 respectively.

Based on the laboratory test results of asphalt concrete materials in the research, it can be concluded
that asphalt concrete materials with AC 40/50 and PMA have superior properties than asphalt concrete materials
with AC 60/70. Since the costs of AC 40/50 and AC 60/70 are indifferent, it is suggested in this study that the
binder type of asphalt concrete materials in Thailand should be changed from AC 60/70 to AC 40/50 especially

for roads with medium to high traffic.

Student’s signature Thesis Advisor’s signature
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ESALS <39°C 39-40°C 41-42°C 43-44°C
(millions) Nini Ndes Nmax Nini Ndes Nmax Nini Ndes Nmax Nini Ndes max

<03 7 68 104 7 74 114 7 78 121 7 8 127
0.3-1 7 76 117 7 8 129 7 88 138 8 93 146
1-3 7 8 134 8 95 150 8 100 158 8 105 167
3-10 8 9 152 8 106 169 8 113 181 9 119 192
10-30 8 109 174 8 121 195 9 128 208 9 135 220
30-100 9 126 204 9 139 228 9 146 240 10 153 253
>100 9 143 235 10 158 262 10 165 275 10 172 288

An: Asphalt Institute (1996)
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Abrasion Water
AlV (%) ACV (%) PSV Specific
PUANU value (%) absorption
gravity
Range | Avg | Range | Avg | Range | Avg | Range | Avg (%)
12.1- 11.4- 49.1- 2.638-
Basalt 13.9 13.4 50.1 | 15-20 17 0.5-1.9

14.8 14.6 51.8 2.924
13.5- 19.2- 48.0- 2.598-

Granite 16.1 21.1 513 | 21-29 25 0.3-1.06
18.2 23.8 52.0 2.750
9.7- 17.5- 36.0- 2.684-

Limestone 12.5 21.5 41 22-33 28 0.15-0.55
14.8 26.0 44.0 2.762
15.3- 19.2- 53.0- 2.237-

Sandstone 23.1 26.4 59 | 31-75 62 1.21-3.8
40.0 37.5 65.0 2.642
11.0- 12.0- 49 .4- 2.635-

Andesite 11.8 13.6 51.7 - 22 0.7-1.05
13.0 15.0 o3 2.662

N: gana (2547)
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Tnawe lsdienodUuilu Polybutadiene Blocks Nina Tumnaniudnenis :1n1iusivaes
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a a 9 . 1 ~ 3 = A I = A
1MNYANIINANITUANTTI (Thermal Cracking) FIUNYUUYUFINITUANNIANYUINGINDN

ansatleanumsnlasugiled 190195 (Permanent Deformation)
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o L = Yo =
2. Plastomers 1uiaqoosunianiiiuia Tuanageiawise ldsuman)deunila
1 Y @ 1w [} Aad & 1 1 1
2‘1]31\1]1@31} ‘L!’f)ﬂ%'lﬂﬁ Plastomers EJ\‘]fﬂiﬂﬁﬂﬂ’f)ﬁ'ﬂﬂix‘l‘ll'lfJﬁnJNﬂﬁllﬂlﬂllﬂﬁﬁﬂuﬂWHﬂﬂﬂWi@@L!
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a lauazimaegeiuesesiadaluszezusnaeldmssurimii
5. MINATeUAMANTAMIIAINT T
5.1 MINATPUAIRIAITULTIAINID DY (Indirect Tensile Strength Test)
egj o Y oy @ A 2
MSNATOULVY Indirect Tensile Test HUNTLH1 Iaans miminnaaeuiiiu
% [ egj o { o g’

11599 (Compression Load) F4e19:)u 11 1% eunudns1n9f (Static) M3 ouuunsEsingh

<] 1 { 3’ @ o 1 J
(Repeated Load) 0 ldudauansdl Taenliminnsedilunuivinuammuadurigudnais

v o 1 Ag 9 A A
V9INBUAIDEIN 1T lUPITNAde auiuaadlunIng 7

\._‘___ I
o
(M) 1399ANIZINVUNOUAI0E1 ) foudlod1udorie
d' 913’ @ o Y @ 1 Y] 9 9y 2 1
MUN 7 M3 ININHENATZINOUAIDE 1A ANHAULNITUANT1IVDINOUAIDE
(M m3Tusevanszinudoudedianadougnsanszuen

(1) AoudlegzanielAusion

n: Anagnos. (1972)
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v Y
MMEITVUTIRINdouNNATUA LA UAI081991NNINATDY Indirect Tensile

ﬁ"]iﬂﬁﬂﬁﬂﬁmﬂﬁuﬂ"ﬁﬁ (1)

c, = 2P/TTDT (1)
A :
1o (O = Tensile stress (MPa)
Y v
P = hminnnszmaodouding1s (N)
T = ANVGANTIVDIAIDEII (mm)
9 ] 4 A o (]
D = ETUAIUAUINA IR ABYDIAIDE I (mm)

o

A I o A Yy o I A wa X A = Y
* ‘luﬂjmﬂ P !ﬂuui\jﬂ537”1/]1/”{11’Tﬂ@u@]@8’]\131|@ (Fa1lure) IUBDIVTNUIIANNINODY

f Stress ”lé’fmﬂanmﬁmﬂuﬁw Indirect Tensile Strength (ITS)

9)3’ v 9 o 1 1 A Y a a Y @ 1 s 9 ]
M3 I mnAsenseMruLnInaniuuIand1g 13 Yaauas NOUAIDYINULTUNIU

v a 9

v Y
was Tasnunanaimiinaginanzisududanuridoudlioganadey

Z)
)}

gudnans 100 iia

3 ' o

I ' Y Ax 2y Y ) o a @
ﬂua’]uiﬂQﬂﬁJjﬁ NINUIAUNDUAD fJ’]\‘n/nbl‘WﬁWl]15ﬂﬂ§$ﬂ1ﬂu1WUﬂa\1W@ﬂuag‘luﬂ’]ijﬂy1
Y

o—

A Add o 0 JR SO o B S s qya . A 4
NUNNUITUNNTENIAIN «mmﬂwumuﬂaﬂymzmzm“lmﬂﬂ Tensile Stress NAUUTUD
Y 9

ﬂﬁ%ﬁWﬂ\‘lﬂWﬂﬂUuu’JﬂJ@Qﬂ']iﬁlﬁjﬁ1ﬂﬁﬂ uazﬂquwaiﬁ’ﬁ'euﬁmEJ'NLﬁﬂmﬁlmn?wﬁummm

Qe

Y ] 4 A 9 . A <] Ao
AUANEUINAIUUDIINNT 11 Single Load #30 Repeated Load NeY TagNanymzng
v Y "o
ATV Stress NAATUVDINDUAIDENILNHUNVTNUNNINAVBIABUADE
. A a & a A ' . Aa &
Compression Stress MnevulunuifeimUszunn 3 11 Y99 Tensile Stress MNATU U
v Y

119510 Taelumsnaao LU Indirect Tensile Fatigue Test THa1u3detisg l4niminnszih

1 Y [ 2 1
mmianszidg lisesnaunseisdeudledianamsitifiiosminanud(ande tazaay

,2549)

4
=1

NUITIUILNIMINAADVAINUINTFIU ASTM D 6931 - Test Method for Indirect

Tensile (IDT) Strength of Bituminous Mixtures
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v A g

5.2 msmﬁeuiuﬂaﬁﬂum (Resilient Modulus)
I @ 4
Taen51935145979N 19801 (Indirect Tensile) lumsnaaouidauodiladnounia
Y oy @ o oy v 9 o 1 ~ A Y gl v a o ng 1< [
Tagms Ithmiinnseigs nuneudedannaden e lmiminnnsziniuuanyue
4 091 @ { o A 1 1 4 A Y] [l
5UAAY Haversine 1hmiinfinsziilunuine aodurugudnarslunuiasuestoudiodns ag
Y

mlddoudredrunamsvensd lunuisiu uazvazyranamgannms iiminnszdidou
Y 1 = A o v A (A A @ e . A 9}31 Y o g/d
@108 UNIAUAINAVFTINNAINTAUAD (Resilient Strain) 1o 1HINHITNATZINEIDNAW

3 o 1 A v AT Y A 1 9 Y o ' A
50-200 ATIVUNTLINAIMIAUATAIADUYNAINUAIMAADY 5 ATgAMBLAININIMIAURAY

o ' . . Y 4 = o 9
HAZMININUAA Poisson’s Ratio Iaenslszunavesdounadeuteailadaouninzinle

laa Tugaamsnudn

MUNINTIIU ASTM D 4123-82(1995) Standard Test Method for Indirect Tension Test
o o o
for Resilient Modulus of Bituminous Mixtures ﬂzﬁﬂﬁ 1ﬁ’umumﬂmmum £N1%1 (Repeated
1 v Y
Load) 11311y Haversine Wave 10 9 1 311 annariiimiinnsgsiineudaedie 0.1 3uni
[ a = Y 3’ @ o A 1 1 o d < 4 1 9 1
HazIain 0.9 11N TaglihminnsgMuaUMNY 30 oI FUAYDIMANUATUNIUADLT

= 9 d' a [ d‘
PNNNODUNYUHYUANC aanaadluning 8

U

Stress Control

ASTM D4123
30 % IDT

Load =30 % IDT (k)
Loading pulse width = 0.1 sec

Pulse repetition period = 1.0 sec

v A %

M 8 giuuumsnaaey TugaaAuAILLY Stress-Control Test

AUNINTIIU ASTM D 4123
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HazMuNINTIIU BS DD 213:1993 Method for Determination of The Indirect Stiffness
3’ v 3 o g‘
Modulus of Bituminous Mixtures 333 1iwiinidunuunsesing (Repeated Load) 11
1 Y v
5111V Haversine Wave 90 3 3u1#i dathmiinfinsziidoudaed1e 0.248 3unil tagnain
a = Y 3’ Y ) d' o Y a (Y] LY
2.752 3wi Taeldihminnseindi ldnamsvenead luuuisiumin 5 Tulaswas (um)

aauaaalunni 9

Strain Control

British : DD 213
5 pm

Deformation =5 pm
Loading pulse width = 0.248 sec

Pulse repetition period = 3.0 sec

N I\

N . N~
0.248 sec 2.752 sec

Mui 9 giluuumsnagey TugaaAuAILILUY Strain-Control Test

AUNINTIIUASTM DD 213:1993

Ay ¥ 1 9 Y av dy Y oy o o A o Y a
nnasgun ldnarndiesdu Tunuideiiag Idihminaseiinildinanms
weedd Tunurs i 5 luTasmas (um) AMaAs§IU BS DD 213 uanlasusianai
Y
WMinnseiNeud0619 0.1 3% 1azain 0.9 IUAMUNIATIIU ASTM D 4123
A = A 9 [ 1 A o A
iosninauuvesdszma Inelinnurudeoudnsunaazidluginainaunsasiassnnud

A a a Y Y A 14 ' v =
“VIﬂTﬁLﬂﬂmﬂ‘ﬂﬁiﬂﬂ!ﬁ]ﬂﬂiulﬂﬁlﬂmﬂﬂ\iulmﬂﬂﬂ’ﬂ aataaslunni 10



Strain Control

British : DD 213

Spm | ASTM D4123

Deformation =5 pm
Loading pulse width = 0.1 sec

Pulse repetition period = 1.0 sec

N I\

N~ N
0.1 sec 0.9 sec

A

Mui 10 giuuumsnagey TugaaAuAILLUY Strain-Control Test 1191147961]

v A o
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msnadeu Tugaanual a2 191nT09ile Universal Testing Machine (UTM-14P) N1#in13

o a 4
ﬂ'J‘UﬂiJﬂ"ITVI'N'IUﬁJ'JEJI‘]J3LLﬂﬁJﬂ’f)3J°W'JWI’E)§

v A o [

1 1 v o d 1 Y
aTugaaaumannsadm lannmanuduiusvesaunisae 1Tl (Austroads

Pavement Reference Group [APRG], 1999)

E .1 P(V+0.27)/h x H

m
Il

H/D

e E = A Tugaanual laviszuna (MPa)
P = ﬁ”mﬁﬂﬂizmqqqﬂ (N)
v = f1 Poisson’s Ratio a5z i
h, = AWgvesRoudIet1e Tasinds (mm)
H = 3202MIAUFINNYA (mm)
D = durhuguina1aveefouded1a (mm)
€ = AMMIAUAD

2)
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53 MINAFOUMIUANT 1IN0 1nANUA DL 11T IAIN1900U (Indirect Tensile

Fatigue Test)

mMsnaaeUMINANZ1ieannALd MR 9RIM1980Y (Indirect Tensile Fatigue
Test) ﬂu%%ﬂ“ﬁ%ﬁmﬁﬂﬂﬁ@ﬂ@lmmwijn! BS DD ABF: 1995, Method for the Determination
of Fatigue Characteristics of Bituminous Mixtures Using Indirect Tensile Fatigue Wumsnaao
fmsnusonvesiminnsgiddeteuiossaunsziufaEemoiosna

. . o a A a = A 9 3 = 4
(Fatigue Failure) mmm“lumi‘wmitmfg@mmﬂmmmammummﬂmmamuuwmﬂmmm Tu

Y Y
v A

a % 4 { § 1

nuaseidunuainNuder1enn1Na1 1ANYaden Resilient / Stiffness Modulus Yo3A0U
[ Y 1 1 [

ModnngnusInszidanaunaefiesnsaniiaeen Resilient / Stiffness Modulus 115 WA

. y A P A =
NMINAFDY FIMINAABUMIUANS 1 HINNANVATITUMINATeUNIAAIDIANTTOUE
o % { o AYY
(Performance) Tumsldnuvesiaquoailadneunianazamsanusvusanszigan

Y
1mines199 14 Iag launamsuani1ineuna1duag

t:gld' ) Y o A o 1 o < Y
uﬂﬂ%’lﬂulu@ﬂWﬂ’lﬁ‘ﬂﬂﬁﬂUIﬂﬂiﬂllﬁ\‘lﬂﬁg‘ﬂTﬂigﬂU@ﬂ\iﬂu NITHATNITDHINAUNIT
[ Y4 1 1 9 ~ o A 1 =S A A d? . v o
ANUFAUNUTTSUINAMANUAUNNTEN (Stress) HIDANANUIATIANNAUVU (Strain) NUITUIU
Ao 4 =S [ o a = 9 £ (% 1

5ﬂﬂﬂﬁﬁﬂllﬂﬁﬁaﬁﬂﬂ11lﬂ5@‘ﬂ$§ﬂL!ﬁ\‘]ﬂﬁz‘ﬂ'mumﬂﬂ'lﬁm'fJ‘Vi'llelﬂ PFITUNITAINANISAINITD
o ) i3 ) S o % oA Y A
u’luh]ﬁl“b'wfﬂﬂ3fl!fJTfJﬂWﬁi“ﬁQTuﬂlﬂﬂ“ﬁu?ﬁﬂll@ﬁﬂa@]ﬂ@uﬂiﬁlu@\iﬂWﬂﬂWilL@]ﬂi’nlu@\‘]ﬂWﬂﬂ'ﬂu

ald

wndo tazane (2549) laiimsnadeunaauianaIuauATUNIUANINA 10T

4 a A < ) v 9 =2
wodilaaaeuniaimizinunnguy Tagmsnageumsdrumuanudwuy s
nedon nszihifgumgil 25°C imsuasunlassmiensaiinszieglugig 0.25-0.6 MPa

Y
Taemslmimiinnszinsznou 1Ud18999 Load-Unload 1180 0.1 S ludnyay

a =

Haversine 11823534 Rest Period 1111111 0.9 3417 aunsznim lugddanauraoiisinianila

a

1 v A Y 2 A 1w | A wa A ) Y 2 1
ﬂlﬂﬂﬂTINﬂaﬁLﬁﬂJﬁu WNDINANIDYNIUALUBDIVINAITNAN NaﬂTiVIﬂﬁ@ﬂLLﬁﬂﬂi‘ViLﬁu’n

4 1
v o d ' 1 .. . o o o v 1T A wa
ANUANNUTTEYIINNAT Permissible Strain (Sini) Lla8ﬁ]"ILlTLmi\iﬁﬂﬁﬂﬂ?ﬂﬂﬁﬂﬂ@?ﬂﬂ”ﬁ?ﬂ@

' 4
a K !

A Y Ay v A v o J v A A
11199910Msd1 (N) N Idninmsnaaenlinnuduiusuuuwn@u Ae We €, MW AN, 92
1 ¥ o d 1 o T 1 a [
anad AZNUN ANNFNRUTIZNIN €, 1Az N, veenoumoduaazginniianyus
@ I { v o J
Tndifeanu Fainnuduly 1dne: 1daumsnnuduius € uaz N, (Fatigue Model) aun1s

@erdmsulszmalng Ao log €, = 3.405-0.159 log N,
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~0.159
130 €, ,=282% [102 j Tawiia1 Level of Confidence %’aaaz 95

Hyun, J.L., Lee, J.H. tag Park, H.M. (2007) @3 miudnuinie1dsiive “Performance
Evaluation of High Modulus Asphalt Mixtures for Long Life Asphalt Pavements” LWd’t']ﬂ
AUITOUSUDI High Modulus Asphalt Binder (HMAB) (tag Mixes (HMAM) Tasnaasuny
9 = 9 . Y g/ 7 a = . .
muumwmmwaaﬂugﬂsum Haversine 114‘11!1°Huﬂ 0.1 U N t1ay With and Without Rest

. ~ a = 1 [ A £ = 1 o A Y FU
Periods 1 0.9 7UIN ‘Vlﬂf’f@‘].li]uﬂ1111ﬂﬁ’ﬁﬁﬂﬂ\?!’ﬂ@’E]ﬂi\‘l’lfiuﬂ"’l]@ﬂﬂ11‘h@jaﬁﬁllﬁu Vl@]ﬂ?ﬁ'llﬂ’li
b A A ' ) . 1 4 A ' = = A 9
N, = a(eo) e N, A A1 Fatigue Life mmmuwamma‘ﬂa@, €, D ANAITNIATIAAUITNAY, a
4 1
1ae b fio MANYsZANTANUAT MNA 11 LEAINANMTNATOUANNAINUINA Fatigue Lives
' % A A2 A 4 Y . A v Y ' Y

GU’ENﬁ"J‘L!N’ﬁ?JVNfT@QlIﬂHWiJGUHLlI@Nﬂ1§(1°]5 Rest Period Iﬂﬂ%ﬂ1ﬂ31uﬁ1u‘ﬂ11!@]6?]7]1%@']61]’0\1
HMAM a0 Conventional Mix ﬁcﬁﬂ?‘h Tensile Strain A1031 150 Microstrain ?]?Qﬁj‘ﬂulg]}’hﬂ’ﬂll
Mumuaonud1ves HMAM And1 Conventional Mix dnsuRIMaeailadgnyun lunig
ARUAUANUMUNMUADAINA1VEI HMAM @98n31 Conventional Mix NAINauealadiig

i 4
HAZMT NN 7 L!ﬁﬂx‘l?ﬂﬁuﬂﬁﬁﬁ“l/l‘ﬁﬂ’]']iJéH%WﬂﬂﬁVlﬂﬁf)‘U

v 4
M31an 7 L!ﬁﬂﬂﬂTﬁNﬂi%ﬁV]‘ﬁﬂﬁTﬂéjﬁ]1ﬂﬂ1i‘ﬂﬂﬁ€]‘ﬂ

Mixture Average air ~ Fatigue coefficient
void (%) b R
Without conventional 4.87 6x10""  -5.245 0.9993
rest HMAM 5.45 1x10”  -6.2882 0.7927
period
With conventional 4.72 8x10"°  -4.1622 0.9005
rest HMAM 5.91 3x10°  -10.823 0.9672

period
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4000
[ = Corvertioral (wio RP)
= HWVAM fw'c RP)

o Corwvertioral (w' RP)
B HVEM (e’ AP)

100 B P S

Tensile Strain | pe)
¥
o
|

1G I 1 L1 a1l I I a1 1 1 I ]
1000 1008260 100000 A0Ca000

Mo, of Cyeles to Falure

MNN 11 wamﬁmﬁeummﬁwmdaumu Conventional Mixture and HMAM

Zhi, S. tiag Wong, W.G. (2009) 185 wdudneneldnve “Analysis of Fatigue Crack
Growth Behavior in Asphalt Concrete Material in Wearing Course” Lﬁﬁ]%uﬁﬂﬂﬁﬂymzﬂlﬂﬂ
WOANTTUMIIFENI891nA1NA T UINBUVDI Micro-Damage Mechanics Tﬂﬂ“l%’%’ﬁ@sf?uﬁmn 3
¥HUAAD Gilsonite Modified Asphalt Concrete Wearing Course (GM-ACWC), Stone Mastic
Asphalt (SMA) ttag Conventional Asphalt Wearing Course (ACWC) Idenauoa Waéf AC60/70
uasaRoudnd e Tneldinses SGC HUUAIANANNHUILUY HAINATOY Indirect Tensile
Fatigue Test (ITFT) HUVAIVANLTI HADINNIINATOUNLIT GM-ACWC A1 Fatigue Life g4
A0 SMA 1z ACWC taga Fatigue Life vziianvaiz Indmosiudfimanumion 1000
LLE A3nWdi 12 daun il 13 uaasnnuduiussenininausouifanswaiaga e

aq ¥ Y1 [ A
LLiQV]i%"IﬂﬂﬂWjV]ﬂﬁﬂu ITFT Llagllﬂﬂ]ﬁﬂﬂ1§ﬂ\1@1§1\1ﬂ 8
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MNA 12 WaNINATIUAINA1ABIT Indirect tensile fatigue test (ITFT)
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Average stiffness

Continuum damage parameters

modulu (Mpa) Igc p K, a
ACWE 1590 13.8385 4.1494 3 1.572E-15
GM-ACWC 2330 21.2313 6.4053 3.2 4.365E-23
SMA 1380 12.5801 3.7809 3.1 2.934E-14
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Saad, A.Q. 8% Shatnawi, I. (2007) @3 unuAny171818%90 “Prediction of

Bituminous Mixture Fatigue Life Based on Accumulated Strain” ﬁqmjwmmﬁaﬁmw%wmu
{ a o o o ' s
ﬁﬂﬂﬁlﬂuﬁ%ﬁﬂﬂlﬂﬂﬂﬁlﬂﬂ Fracture ﬂlﬂﬂﬁlﬂu@’mmﬂ HMA 0168314450 UNH9 Slope U84
Accumulated Strain Switched from Decreasing to Increasing Mode Aou@l9819 HMA 1973
s 4 a 7= ) A A =
panuuVINTUradviTnaeafladnmuzawy Tﬂﬂ“lﬁvmammaﬁuﬂ“umumﬂazﬂlmma
sluajgaszl 3 vwiade 12.5, 19.0 uaz 25.0 1.4, tazeaueailadwia AC60/70 NAdo
Y
Indirect Tensile Fatigue tuuaduguuselhiminnszdvua 1.5,2.0,2.5, 3.0 uaz 3.5 kN
a ~ a

TaglHinToanadou UTM Ngangiinadou 25°C uazigavgdl 10, 45 uaz 60°C 191lsziiiui

Y Q Y

a S -3

Y Y Y
1min 3.5 kN daem s limin 0.1 JuN%$1930 0.4 119 nIziudoudI08199e 1dka

9
v A

o =~ v
AT NN 9 uazmmmﬁj‘ﬂ"lﬂmu

A 1o = = o o Aqu ° =
- e ludilsdsvmnanazveswtaswuazvinarhviini ldmagen S1uauseun
a d? o 9 o ' o o Y . v
MATUINNTENINO UMD a TR LIe Td Slope U84 Accumulated Strain gIANAAN
1 A o o 3‘ Y] o 9 Y o A a ]
ao liFooq aunszinsdauseininnszindlnaan 44% vesduausoniivziiansng
[ 9 v
- fgangiuazvinaihminfedny doudio1s HMA lia3on Taguuiauiasiy
12.5 1.4, Tifi1 Fatigue Life 9980 A1A20U110Aa2022321 19.0 1.3, luwmzivunanazuia
393 25.0 1., 1A Fatigue Life A1
~ a oy v A @ 4 o 1 q ¥ =
- NguMgitaziMineIil NouAI9E19 HMA NlFvinanazuiasiw 12.5 w.u. §
AN Stiffness Modulus ITNAUFINGA AMURIBVUIAAAZUIATIN 19.0 1.1, VRzNVIIAADZNIA

390 25.0 1.4, 1A Stiffness Modulus §19gA

M319N 9 agiwanisnaaol

Maximum Load Average initial Average final Fatigue life Average number of Mumber of cycles to
aggregate (kM) stiffness (MPaj atiffess (MPaj {oyeles) cycles at change slope change slope/number
2ize (mm) of accumulated strain of fatigue life cycles
125 15 113 T2 3z 1674 0.44

125 3.0 L 2] 21060 860 0.42

125 15 00 )] 39,200 17,242 044

125 20 182 49 188964 14,742 0.43

125 1.5 176 L] 268 480 123,m7 046

19,0 15 191 59 3813 1619 0.42

19,0 3.0 188 75 TH63 3484 0.44

19.0 15 174 T7 13,657 11,6640 0.43

19.0 L0 167 L] 116457 49,964 0.43

19.0 1.5 155 T2 171,206 74,588 0.44

150 15 156 5 16440 T24 044

15.0 3.0 147 13 3514 2424 044

5.0 15 144 s E130 3509 044

5.0 20 132 1 L RET 28,577 044

15.0 1.5 128 56 §1214 36,035 044
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5.4 minageumsaunuy 1¥iminnTziE1 (Dynamic Creep Test)

A [ 3 a o Y o a d? ' Y
fﬂilﬂaEJug‘]J@EJNﬂTJiGU’ENGKHN'JWN T@ﬂm”lﬂuaauﬂﬂzmmusluumamamm

g’ v Y = o 1 a Y 1
winussyn vudunemsvssmsnlasugduuuons Taena llszwoed 2 siialdun ms
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a K

o A ' Y oy o v A ' .
Uﬁ?ﬁlﬂﬂﬂluiuuuﬂiﬁlﬁﬁ’E]GU’ENH'IW‘1!ﬂ‘]Jii“Iqﬂ"llu1uﬂ‘]J‘VIﬁ‘VI'I\WJ’ENﬂ'Iﬁ]iﬁ]iGﬁJﬂ'H Rutting

o2

H 4 k4 1
uazmMIguAINNATu lunuIAMINADULLIAAN YNSRI LAz T NIgNADT AT

N13931931YATD

AUNIATIIU AS 2891.12.1 Determination of The Permanent Compressive Strain
.- . . = Yo A F a 1 1
Characteristics of Asphalt — Dynamic Creep Test %4 Jamnuaon ' 131115agesinves
9 @ 1 [ Y Aaa 9 (Y = 1 A Y
NOUAIDENUNING 4 % QKU 1FNATDUIMINY 50 e Wieusanlslums
Y [ [
nAFOLIINY 200 kPa B2 lums Iihmiinasziuiny 0.5 3w nagananaiivgaive

Y oy o o a A v A
iﬂiﬁuWﬁuﬂﬂi%‘nW 1.5 3UIN ANINN 14

Dynamic Creep Test

AS 2891.12.1
Pulse Period = 0.5 sec
Repetition Period = 2.0 sec

Comp.Stress =200 kPa

Strain Rate

Number of cycle = 10,000 cycle

\ 4

A

N

10,000 cycle

M 14 gﬂu‘uumsmﬁau Dynamic creep test ATUUIATTIU AS 2891.12.1

v J o 1 Y @ 4
FYTUI LATAUS(2546) Tl"lﬂ”li‘ﬂﬂﬁ@'ﬂﬂil"llléll"luvnu@]ﬂﬂTiqu%lﬂT’Jiﬂlﬂﬂ’Jﬁﬂuﬂﬁ‘Wa@
v
ADUNTAYY Wearing Course ATNUNIAA1A 4 7a Tar)Suavesinevesdoudiodiuniny

J 3 4 ] 1w ] c?l 9 o ' v a
7 iesyua Wu@ﬂlliﬂiuﬂii“ﬂﬂﬁ@ﬁm"lﬂﬂ 100 kPa %30ﬂ151ﬁ}u1ﬁuﬂﬂi$ﬂ1m1ﬂﬂ 0.2 'J‘Lﬂﬁ
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u,azGﬁammmﬁwqwﬂlﬁﬁmﬂ’ﬂﬂluseud@"lﬂzmﬁ’u 0.8 7u# lumsnaaevszshiminaaoulid
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imsnageu danlumnazszneudrenamanageuanudumusensguiIn s
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. e gUUYIMINATDL
mmmamn”lﬂmﬂmivma@u 3 -
40 93BT e 60 DAL DLBYET
AiooNga (Min) 1,085 106
AMINNGA (Max) 87,872 2,327
ANNAY (Average) 25,531 1,034

A3: NTUN1INA (2546)
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adaA g

FUNT (2552) AnEIDIWavEIgUHNNTaoMIguAInTveLeailafnaounsa lag

U

a
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T¥msnadouusanszidwuulsannussaudIudng shimsnadeuNgumngil 10°C 25°C

o o ! v 9 Aq Y s 1w a

40°C uag 55°C TagMazAuANUIAY (Stress Level) N15lumsnaaaviiauniiu 207 nla
Y

1haa1a (NCHRP Report 465, 2002) M3 1anuiudenanaz liusanaludnyazaszsien
(Repeated Load) 31491 40,000 591 ¥13091UN 1190819921 T 8118 Tagtsanasanaznsei
d' d' ad o'.l A = 1 ] Y 1 [] 1
AN10D 11357 (Hz) Hufe Ndaad1119n15 149059 (Load) #0393a171510aveusa (Unload)

1w 1 A dA 1 o a a A Y a =
WU 1 @0 9 WionaeTuudazgavensINTzi 1 39 Hreains duse 0.1 i
) [ ' o [ I : Jd v d .
dmsuglivesmsTiusasmualntidnvasily a5eevesilandu land (Haversine

Function) vamsnageuaunsoayllanilvievesguugiiinansznuediauinaeninis
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@

1 o A = A1 9 A A A d? 1 < ~
guUAINII TﬂﬂmmmLmﬂiz‘1/1mi;ﬂmﬂgﬂﬂzmmaaaamaqmwgmwumﬂw i’]EJNhliﬂ@niJTI

o

v Y 1
wngiid (10°C) vuldansadszmnammsgudinns ldnmelusevveansansziim

Fo)

9
%

o Y A @ a a a d o @ { c?/‘ a
NIUUA ‘VNﬁLﬁ’ENmﬂ’m’ﬂLl’dﬂ\‘lWi]ﬂﬂﬂﬁml‘U‘Uf)ﬁWﬁﬂﬂﬁuy’iﬂ! dvisun 25° HUNHANTITNUBN
a = [] a =S [] d' 9 a 0
Llaﬁﬂﬁ@lﬂﬂﬂuﬂiﬁvlmlﬁﬂﬂwQ@]ﬂ‘iihﬂ’)ﬁJ&ﬁﬂﬁWﬂiu%’Nﬂ 3 gany ol U 40 C uag
o a = Ao 091} Y =
55°C 1NAANNFIIONTIUIUATIVOINT 11 LTI B ﬂﬂlﬁﬂgﬂﬂigiﬂm 11,000-11,500 ting
3,000 50U Mu&IAY nmManadevazi liansomaanunioagualla naunsay

gnn1a4 (Power Model) 1aae
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_ b
ap—aN

ﬁl A ' d'
9 a llag b A AAINIINNITNATOY

m3dszinamai a ez b o ﬂmﬂﬁﬂuuﬂmqmmﬁ@mq iile 0 fe aumglesminaiu Ao
a =93.6exp(—0.02456); R* =0.632
b=10"" exp(-0.03220); R* =0.847

Khodaii, A. t46¢ Mehrara, A. (2009) 1@ wiudnyine1diade “Evaluation of
Permanent Deformation of Unmodified and SBS Modified Asphalt Mixtures Using Dynamic
Creep Test” tonf3oumsnaussougmsnlasugionsvesdmauuunfiuaiunaume

~ ~ ' Aa ' A o Aa Aa
wazifFeuneuravoInuuana1eelsuna sBS ludunaminodvmualsunavesIng
s 9 4 o . v 9 Y 1 am
wosnminzay Taslsoauedilad AC60/70 N SBS Modified UadAN0UA20819 1A87T
s % .
SUTFAAMUNIATFIU ASTM D1559 HdmadoualeinTeanadot UTM 25 1aald Square
Pulse Wave #28A210/0 0.5 Hz AM011@5574 AS 2891.12.1 Wa91nMsnadouaInIng 15 09
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- drunaureuiianudumuaensnlasugledsnnsunndiumauiy
o 1 a 4 { 1 {
- Tudwudumauena Inawes SBS Ao 4%, 5% Uag 6% WU 5%SBS
- o
WHANITUNINAANGA
- dIUNEN Modified Asphalt SBS Tinu Idegangiidinndrunauuy
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M 15 N5 1HaAIiIUIUTOUN DA Strain VOIRDUAIDE1INYUN
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—E-0%EBS 4% 5BS —— 5% 5B5 —ﬂ!'pﬂiﬂﬂil
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—— 0% SBS, T4k —— 5% S5BS, T=40C —8&— 0% SBS, T=50C —— 5% SBS, T=50C

As00n

3010

%

20000

:

Parmanent Srain g
=

1] 2000 40010 L] 2000 10000
Cycles

MNA 17 n51uaaInanIINagoUveIdIUNaUN Modified tiag Unmodified

Garba, R. (2002) 18fAnu1n1818% 90 “Permanent Deformation Properties of Asphalt
. = S A = 4 a 3' o an
Concrete Mixtures” Iﬂﬂlli]ﬂﬂigﬁ\iﬂlfw’E)ﬁﬂ‘]eﬂf)x‘lﬂﬂi%ﬂf)ﬂ‘ll@\iﬂiiﬂﬁi UINUNLASYUNHUAD
a ~ 1 1 4 = ya
Wi]@IﬂﬁiiJfﬂﬁHJafJ“L!?.“]J@fJNﬂ']’Jisllf’Nﬁ’JuWﬁmlﬂﬁ:ﬁaﬁﬂﬂuﬂiﬁ Iﬂﬂ%ﬂ‘ﬁﬂﬁﬂﬂﬂlm‘ﬂ
J 99 a J f A = a
W3LLyaa Gl‘b'ﬂiiJ'lﬂ!fJNLL@ﬁﬂaﬁ 4.0%, 4.7% (Optimum) U8 5.4% ORNYINAVDIT e
4 a 1 A
oailaa mamuﬂﬁxﬂauﬁawum 51% NIIALUAENTY 44% AT 5% VOITIUNTUINY
a o Y l 1 -4
wutu uadaneudoguAdURIUEUENA1E 100 1.4, geilszunal 180 1.4, NATOY Creep
NgaInni 50°C NMUILTI 450, 750 1Az 1000 kPa, Confining Pressure 150 kPa Square Load
v v
Pulse 10 3119 929310 10 3119 1Hhmiinnsiiss ey 150,000 58 HaINAITNATDL
1 a 5 1 a A 1 U A a A
W‘]J’JWTJ?ZJ”I'EI!EJNLL’O@'%Q@NNﬂ@ﬂ‘Wi}@]ﬂiﬁJﬂﬁL‘ﬂaEJL!E‘iJE]EJNﬂTJiﬂﬁTJﬂ’E] Usuaeran
1 o Y = 1 a [} 1 1 o Y
ll”lﬂﬂ?]ﬁ/lﬂﬁﬂ”lﬂ”lilﬂaﬂugﬂq\iﬂ'J”ILLagTJSN”I'EH%’EN’JN’E)”Iﬂ”lﬁell’f)ﬂﬁ’n!NﬁiJlﬂﬂV]ﬂ‘ViﬂWﬂTi
o o = = S A ' =
UAIFIAN ANNINN 18 WE‘]flﬂﬂﬂﬁlfﬂﬂflull‘ﬂﬂ\iu”l‘l’iuﬂW‘]J’J11/]1(i‘l!'JEJLLi\13J1ﬂﬂ1ﬂ1'§L‘]Jﬂﬂugﬂ
] 9 ° A b A A =
ﬂTJiﬂﬁJ”lﬂG]"lll]l‘ﬂﬂ'JEJ NUVUVDDI Power Model 1D Ep = aN 1D Ep ADANNNUIATYIATS TN
[~ { . 4
a uag b1iua1nan1dan Regression YUN5 1M Log-Log 1o
a = Intercept, Represents the Permanent Strain at N=1
b= Slope, Represents the Rate of Change in Permanent Strain
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Perm. axial 40
strain 30+

m3

(0/00) 20 m5
10 8

7 void (08

4
4.7 5.4

Binder content

] Y Y
M 18 nIuaaIanNAs sz aunadnn MIMinnsLiig 150000 59U

9197 11 LaaIA NIl 99U L1899 Power model a3 annaaow

1J5me19 (%) 4.0 4.7 5.4
a 2.0305 2.9806 4.5185
b 0.1617 0.1663 0.1806

4 1 a I'4 o a ] 1
ﬂ'li'lﬂ‘ﬁ 12 UEaIANNMOSU0LUUT1809 Power model MNUTUIUF09II1901MA

¥99719010 17 3 5 8
a 1.6485 2.9806 6.9103
b 0.1836 0.1663 0.135

Yy 9

FmsunuiTensil ldimsnaaou Taemsmuanyaz TN Flow Point 1150

ANNDUAIDEITUAAANUFINIBINNITYUAI012T F91UT1891UUD9 NCHRP (NCHRP,

Y Aa 1 A a . & A A . = c; [ ~
2002) ulﬂ’é]‘ﬁ’]ﬂﬁlﬂlﬂuﬂﬂﬂlﬂﬂ Tertiary Flow ¥3A99ANUA1 Strain Rate UAI1HA AINIWN 19

A o Y o A a d?} a 9 =2
lLﬁ%LWﬂma’E]\‘lﬁflTW’Eﬂfﬂﬁiﬂu%ﬂﬂﬂi%mﬁhlﬂﬂlmgu’i\‘]ﬂi%ﬂWﬂ!ﬂﬂﬂJuﬂ‘iﬂUIﬂ‘NﬁiN“ﬂN N
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a =

Rmsnaaeuiguunil 40 uaz 60 eeruvaiFod uaglH159aUAIUA1 (Confining Stress)

M 220 kPa UaziIanIZMauuumoaian Uiy luiuiag (Deviator Stress) (11
1 Y] @ 1 a o i o

520 kPa TagausaduuazaNuauaana 1laonn1siasizs Ingaas o uuaingaiio s

091 o A Aa [ . 9 a 4

WIHINWAUABINATTIU (ESAL) NUUTIAUANG 100 psi 1ae 15 11Usunsunounimos

ChevronX @IUIUIUTOUNMSNATOY (Number of Cycle) ﬁ 10,000 59U130 50,000

Microstrain
Dynamic Creep Test

Pulse Period = 0.1 sec

Repetition Period = 1.0 sec
D
§ Deviator stress =520 kPa
=
g Confining stress =220 kPa
)

Flow Point (NCHRP) Number of cycle = 10,000 cycle
< < >
10,000 cycle

v 4
MNN 19 JUJuDUMINAADY Dynamic creep test 1

b4

ANUATIATLEN (Accumulated Strain, €,) ADNALINALTUVBIANUIASIANINAYY

] k4 Y
moludeaa edaginldsuusinsgirdg amnsomldnn

a

& =7 (€)

die An =szezmanlasuniasgiiedisnnsamnuny
4 k4 1
YoIRI0619AAA TN N IFTDUTINT2 (mm)

A 9 v 1 A
hy =ANUFUTUAUVDINIBINNNATOU (mm)
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4 I o 4 o < oy
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I o £ <= 4 1 1 & A A a dg} a A Ay Y
Wudagnands Josadsznoudiulvgiiludymu inadueusssuma nied lann

NszUIUMINau 1nsiaey (Asphalt Institute, 1995)
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[ A A L] 9 [ A a 1 A 9 ~ 1
ASNITIU 1IBYIUYDY 1‘]511!ﬂ15Nﬁllﬂﬂjﬁﬂl%ﬂuﬂigﬂ”lu‘b'uﬂﬁ%i“] %30019 1FUIa5IWN90E19
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1. 35MINTINAOVIAYNIATIN

9
@ @ < @
Gh!ﬂ’lﬁ@]ﬁjzﬂﬁ@‘lljﬁﬂuﬂaﬁjwuullﬂﬂ@ﬂﬂlﬂu ﬂ’lﬁ@]ﬁﬁlzﬂﬁ"ﬂ‘ﬂ'Jﬁﬂi]'lﬁﬁ')llaglaﬂﬂ uae

% d! IS ' Liy
N1TATIVTDUVITANIATINNYIU mumm"lﬂu

1.1 Tequ1a3uazden MINInTIIdouuaulaveIIagNIaTINaDon fafi
YUIAAAE (Gradation) NMNITNATDUNY mi‘nﬂamﬁ N2.-1.205/2517 30
AASHTO T37 - 77 %30 ASTM C136 — 84A
ANUDWIUNIE (Specific Gravity) TN TNATOUAI msnaaedi na.-
1.209/2517 W50 AASHTO T84 — 77 150 ASTM C128 — 84
ATNAINY (Soundness) HIN1TNATOUATY NMINAADIR Na.- N, 213/2531
AMNI1BANYA (Sand Equivalent) I1MINATaUAIY M3NARe Na.- 1.203/2515
N35DAASHTO T176 — 73 1130 ASTM D2419 — 74
mmﬂumé’awmmmaimazgﬁﬂﬂ MNINATOUAINNIATTIY
AASHTO TP33
1.1.1 vu1anag (Gradation) ‘ﬁ%’mﬁﬁyﬂumiwﬂﬁaummmmﬁmaﬁﬁ@ Tag
mMsTouruAzLNs WMUDAN 1dfSeufeuuiavesiiegafisy nieAeazINT LA

Y I
A199) NUNIANIHUAVBIAIBE19 Faausamiuia ldvnaunms

R X100

P 4)

T

A 73 4 A g’ o
o P = WeosiFuasiuimuazunselagiivin

R = 112199A08 19 NHIUASLAT AR YU

fe

T = ¥IAUBIAIDINNINNA
J o a gl A = Y dy [
1.1.2 ﬂ'J"Illﬂ3\1i]TL‘W18!,Lf‘lgﬂﬁ?ﬂmu?ﬂ“ﬁﬂl"lnllﬂ(lulu@?ﬁﬂ GlLlﬂTﬁ‘VIﬂﬁi’)‘]Jfﬂg
Y o [ ~ dy I I a 9 4 1] 1 A
@ﬂ\‘ﬁ/l”lﬂ"lillflﬂ?ﬁﬂﬂ']ﬂi?ﬂazlﬂﬂﬂu@ﬂﬂlﬂu 2 AIUNANALUNTUUDT 200 NUTIUNNIU

4
muﬂiqma{ 200 Llé)’.lﬁ"lﬂ”liﬁ”lu?mil"lﬂﬁﬁJﬂﬁﬁQﬁ



39
AMUDWNIUNIZIIN ( Bulk Specific Gravity )

° WD X dt
GB(30°C) = (5)
0.9957 X (WS+W2-W1)

o GB=manugsumeTziimnadoy a gumgil ©C
WD = tiniinueagetanits (Weight of Dry Sample); gm
WS = 1?11411!'?1%16&{5]}’39510%1(! (Weight of Saturated Surface Sample); gm
W2 = ﬁymﬁ’ﬂmmgﬁﬁ@mmdmi‘hmw (Pycnometer) + ﬁyw; gm
W1 = hminaudasaaugiesime (Pycnometer) + i+ f19819; gm

9
dt = MANUNUIUUVINVULIIANINATOU B guUnu t°C

ANV UNIZNIING (Apparent Specific Gravity)

{ WD X dt
GA (30°C) = (6)
0.9957X (WD + W2 + W1)

9 v v {1 J 3 1 1 o
mmmaﬂmaimﬁmumuﬂiqmm 200 YUY ”lummm%zmmmmqmmwsm”lé' WIS

. 0 q Ya v Ao o Pie & y A o A
111'(;711”5'0W11WN3u@ﬂ€|J@Q3J'Ja533JLLWQ Tﬂﬂ‘i/lmllﬂﬂu‘lmﬂgﬂ"lﬂclullﬂ (ID91NNIATINUUY

I a
AN unaaanuIn)
1 as dy I ~ =
1.1.3 MAUAINY (Soundness) 35M I 1uMInaaaUNAIoUAQUAINT

ﬂﬂﬁ@‘ﬂlﬁ@WW"hﬂ’J”IZJ@%ITHVI"IHG]'E’JﬂWﬂMﬂ ﬁ?@ﬂﬁllﬂﬂ"ll’EN?J'Jﬁi’J?JiHE‘T”Iiﬁ8@18811@7’31“]5@811
9 A A A o A 9Jq 9 I Y ' a 1
Fala 150 uunHiFausame LW@%%llﬂﬁlalﬂ‘ﬂusllf)yjaGlUﬂWTIf'JEIW%'lﬁfl‘l']ﬂWﬂ'J']iJﬂ\Wlu“Uﬂ\i

waaswngnnszi laeanmaudhoins
9 ]
1 8 a < o 1
1.1.4 AN318aUYa (Sand Equivalent) 35mM3i Wlumsnadeuemidadiu

[ 1 A o A a = [ Y] < o A A
senedu niedagUlsznnmiloudumilon M Jaquianeruiwannsia niensend
] 4 & Yo o A Y 9 = 19y 1
PWIARIUAZUNTAVS 4 T ladmuamdigavesnseauyaioz 19 deslin ludesndn 50 %
Tagv ladaaums

Sand Reading x X100
= (7)

SE
Clay Reading
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e SE=n319auya (Sand Equivalent)
<3| = 2 < wad A @
1.1.5 anuihumdsuyuveaiasivazdoailuguauianmuszaun

@eanuneluoyMAYINIIINALIDYA

VvV —(F/G)
- —X

100 (8)
\%
ilo U= Uncompacted Voids in the Material

V = 1Finasueg Cylinder

F =i miingniveaniasnuly Cylinder

G = ANNDNIUNIZVOINIATIY

1.2 Jaquasdunenl imsasaaeunuauiiavesiaaulasinvey Rl

YUIANAY (Gradation) ﬁwmﬁnﬂﬁammmsmamﬁ N2.-1.204/2516%30
AASHTO T27 — 78 1139 ASTM C136 — 84 A

ATBSUNE (Specific Gravity) HINFNAFBLAI N1TNAADIT
N2.-1.207/2517 %30 AASHTO T85 — 77 N38 ASTM C127 — 84

AYAINY (Soundness) HINMSNATBLAIW N1TNAADIT NA.-N.213/2531
%39 AASHTO T104 — 77 50 ASTM C88 — 83

F¥TinuIDY (Flakiness Index) fN13NATOUATY M3INARBIA
N9.-1.210/2518

§¥7in10617 (Elongation Index) N13NATOUATY M3INARBIN
N0.-N.211/2518

anuEnMseveINIaT e TnslHiase Los Angeles Abrasion 11013
NAADUATUNITNAADIT N8.-N.202/2518 130 AASHTO T96 — 77 130 ASTM C131 — 81

mwmﬂum?{awmmmas’mmm MNMINATDUAIN NTNAADININTIY
ASTM D 5821

ANNUVUANNEIVBIBUNIATINTNATDUAIY MINAABININTFIU

ASTM D 4791

o o o < [
1.2.1 919N IHIVNIATINHIIU BCNINTNATDUHIVUIANAUDIITES

Tasmssourmiuazunsauuy a9 ud 1o uneun1auoId10e 19 NHIL H30ANAZLNT
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Y 1 [
YUIAA 9 AUNIANIHNAVDIAI0E19 Feausamua ldmuaumsin @)
1 o [ a <3 1
1.2.2 ANUANIUWIZYIIFAFHANAKED (VIR TANI 4.75 UL.) AN
299 UW1239Y (Bulk Specific Gravity) 1aA2140393UW1213104) (Apparent Specific Gravity)

a g’ A = Y dy o . R o % dy
u,azﬂsmmumcﬁmm"lﬂ“lmu@m@ (Water Absorption) FIF1HIIDATUIUIINTUNITAIU

WD
Bulk Specific Gravity (Dry ) = —— 9)
Ws - Wy
Ws
Bulk Speoific Gravity (Sat) = ———— (10)
Wy - Wy
WD
Apparent Specifec Gravity = an
W - Wy
Ws -Wp
Water Absorption = ————— (12)
Wp

e W, =wuavesiagounielueima; gm
W= mamm"j’ﬁaﬁmﬁ’q (Saturated Surface Dry) ; gm
2
W,, = ¥iaveedaa luii; gm
1.2.3 A1AUAINY (Soundness) 1ABNITHIAIANUAINUYDITAANIATIY
WO AWATMIREINUALMIMIAIANUAINUVDIITqUIaTIwazBea luride 1.1.3
= . < [ A
1.2.4 A¥UANUIUY (Flakiness Index) 1UM3HI4I0v03 T NNANUNN
v Ay ' ' A v a o /s A A o
YOINUUVUNURENI 3/5 MvBIvINAmasYaITaatiu Tasaalulesigudiiomeuny
U l:‘

wavediagminmadoy diusudeiimuavesnsunianais mariinnuuuudedia

19 £ 1w oA o 9 =
U1NNITDYAST 30 WQﬂWﬂ%Hﬂ?WHLLUHﬂ%ﬂWH’JmVlﬂéﬂWﬂﬁNﬂWi‘W (13)

100 X x

FI = —— (13)
x+y

& v oA
o FI=a¥uanuyy

X = 1IA3IWVDIAIDINAIUNADANIUFDITANNNHUINNTOI; gm
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y = 172320 U9IA 10819 A W NA T IANNUNUINATO; gm
% d o 1
1.2.5 @r1A111817 (Elongation Index) 1HUNIMINIAV0IIAQNUAINEN
1 1 1 A @ a g I 3 d A o
YOIAIUIININNT 1.8 1311 ¥oIvAmAsyeIdag lasaailulesiFuameunuuiaves
YaaMimmagey dmiudefimuaveInsuNIa marinnuendedia hinnnn

9
9 T o Y ~
To8ae 30 “D’\‘lﬂ?ﬂsﬁuﬂ'ﬂﬂfﬂ’mﬁﬂ"lu’)ﬂlllﬂ‘ﬂ"lﬂﬁllﬂWTﬂ (14)

100 X x
x+ty

El = (14)

A 0~
e EI=@arHaue
X = 1IA3IWYDIAIDINAIUNADANTUFDITANNNGNINNFOI; gm
y = 172320 U9IA10819 AIUNANTeIIANINE1INAYDL; gm
= y A . I
1.2.6 anuanrsevosnlaneylnalsniog Los Angeles Abrasion wWuns
NAFOUMIAINIANYI0UDIIAAUIATINHEUNTANNATUMUADNTUATLAZNMTNTZUNN
YBIUATBIINTUADARNNIUUAY S0 b Tasnsunanawenliaimsdnnsevesiadauiasiu

k4 H
‘ffIIJW'JVINVlﬂJLﬂH%}@EJaz 40 GLIJﬂﬁﬂHH’Jﬂlﬂ1ﬂﬁ§ﬂﬂi’E]’éfnlﬁﬂﬂcTu’Jﬂ!llﬁi]WﬂﬁiJﬂWiﬁ (15)
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Nominal Maximum Size Minimum Voids in Mineral Aggregate (%)
9.5 mm 15.0
12.5 mm 14.0
19.0 mm 13.0
25.0 mm 12.0
37.5 mm 11.0
50.0 mm 10.5

fan: Asphalt Institute (1995), Superpave Level 1 Mix Design, Superpave Series No.2 (SP-2))

#1150 VFA

%VMA —4.0
%VFA = 100X —— 27
%VMA

1 { @ {1 1 I I @ 1
$19NIOUT VYD VFA PONUUUNFOIIN0INA 4% Wuilensuuoeseaus1simm

HAAINIAITIN 14

~ @ d o o A o Y
M1319N 14 HannUNT11IU VFA ‘V]ﬂﬂiﬁﬂllﬂ

Traffic Level (ESALs) , (106) Design VFA (%)
<03 75-80
<1 65-78
<3 65-78
<10 65-75
<30 65-75
<100 65-75
] 100 65-75

1311 Asphalt Institute (1995), Superpave Level 1 Mix Design, Superpave Series No.2 (SP-2))
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Y Y

Tagdns1ns Idihmiinidu §198991n01a3g1IUATMINATOU ASTM D 6931 - Test
Y
Method for Indirect Tensile (IDT) Strength of Bituminous Mixtures N15AAAY ﬁ’ﬂuﬁaamwzﬁw

Y v ]
MIAAAIAININN 23 uazmsmva luaumsi (1)



57

v Y
MNA 23 MIAAAINDUAI981911N1591 Indirect Tensile Strength Test
4.5 Minadou lugaaAUAI (Resilient Modulus Test)

[ [ 1 1 I o 4 1 § o
uisdeduaazngueaniu 3 dou nmageuiiemaunde Tagiinis
[ Y
naaeuguugil 5,20,35,50 1Az 60 o usAIFed TagnisanninoufIog1erznszinly
k2
dnpazAeINUMINATIUANUAIUNIULTIRINSDN UeaziimMsAndiginTal LVDTs
(Lincar Variable Differential Transducers) o amsnlasuniasgisisdmdramdn’l
dl Y o 1 o o 1 v A [ [ ~ o
e ldawnsnihmmsveedoon lfuam Tugaaauas asnwi 24 wagmssiamly

aumsn (2)

v v
msnagevvzimsliihminnaludnsaznseiig Tagldmsvenedivesdon
v
#0814 (Target Peak Deformation) W11 5 pm 1223391381135 113411190 (Loading Pulse
Width) (11171 0.1 JU17Liag %9198 Pulse Repetition Period 111101 1 31191 31/319994n1504
3’ o . o Y . = Yy Aa ad
I UN (Loading Waveshape) ﬂzmwuﬂimﬂugﬂ Haversine 49 WNDINUIATTIUITNG

nageu ASTM D 4123-82 a2 BS DD 213: 1993
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v v
MW 24 MIaaRINoua1061911UN15937 Indirect Resilient Modulus Test

3 9 o ! o AW 9 ] o
munudeyatazmmuaa lugaaaudlv: 15T sunsuduiagiaruguasinau

A v Aq Y o

YoUATEI UTM-14P siimsdium Tasa lugaaauainldazsiimanaaeui 200 sounsu

= o ~

Y o I 9 1 A [ Y A 1 Y °
HaiMsN T 1Ras 5 AganenimnsauaIna Tuudazneusziimnadon 2
a 1 1 [ A 9 A 9 @ =) ~ [
e Taeaaaiy 90 esmauuuinva 13 Tashadesazmanszaednlseuensy

1 .d' 1 (% 1 Aa 9
AURde (% CV) ananu liinufesas 10

Tagmsmaua lugaaaud azdeldamdaaiuiliages (Poisson’s Ratio) 370 1un1s

o qul dy Y1 o 1 A d' o d' a
v lunmsnaaeunsatag lsadadiuiliwes Av 0.30 weriimsnadoungamgil 5 uag

a =

20 e wAITYd, 0.35 iohnmsnadeunguvgil 35 osruaiFoduas 0.40 o3

G

nadoUNUHYN 50 1AL 60 DIAUTAITY T

o 1 v A [ 9 [ d‘
ﬂ'lﬁﬂ'lU’Jmﬂ'liuﬂaﬁﬂl‘lﬂ’)hlﬂﬂ"lﬂiﬂ‘illﬂ‘iﬂﬂﬁllﬁﬂﬁﬁluﬂﬂ"m 25



59

Thi_16 ¥2.05 Indirect Tensile Modulus Test [ PMA (1) 1.B16 ]

Run Options View Help

B | B S| ] e | Evee | Wow | _@ow |

General | S pecimen | Setup Parameters Test Results ]
Test Date and Time | ws. 3anaas 6, 2008, at 6:37 P

reconditioning pulses | 201 Pulse1 |Pulse 2 [Pulse3 |Pulse 4 |Pulse 5 [Mean  [SD Cv%
Zore temperature [gC] | 37.4 Stiffness modulus [(MPa) 1580 1583 1586 1593 1582 768 0.49
3kin temperature (sC) | 36.7 Adjusted stiffness modulus (MPa) | 2075 2081 2092 2105 2112 2080 20.37 0,97
{arizontal #1 [rmm) 00020 Tensile stress [kPa] 83 84 84 84 84 84 038 046
1 Pealk harizontal deformation [am) |5.14 517 514 514 a1 514 0.02 0.35

{orizontal #2 [mm] 0.0264 Load area factor 0.E0 0.52 0.E1 0.1 0.2 0.E0 0.0z 2.50
1 | Peak load [M] 3031 915.3 911.4 9123 9128 911.0 416 046

Load rige time [ms] 45 45 42 44 45 44.4 0.20 1.20

Horizontal deformation #1 [egm] 2.97 2.0z 2.95 2.94 2.96 2.97 0.0z 0.94

Huorizontal defarmation #2 [zm] 217 215 213 2.20 216 217 0oz o820

v Haorizontal Deformation Iw Haorizontal Defarmation H1 Iv Haorizontal Deformation #2

PULSE 2 PULSE 3 PULSE 4

[} oz 03 04

23 21 22 23 24 3 3.1 32 33 34
Time (5ec)
IR REVIEWING DATA LOADING: MACHINE:

M 25 mssnua lugaaaudn laanTdsunsy UTM 16 v2.05

Indirect Tensile Resilient Modulus Test

4.6 MinaaouMILAnT 1NN InANNA YD 115 IAIN1989N (Indirect Tensile
Fatigue Test)

I A = wAa 9 Y 1 kY A a dgl
AuMsnadoUMpANEIAUANTAN NATUANNAUNIUADANUANNATUAL

[ 4 =) Aad = Y 2 vAa o U o A a

Taqueailadnounia laed5u39AIN1I09Y FInNsNaaeUAMAVIAAING1IIZINQUN Y]
35°C agahmsulasulasmiissanunisannziited 1439 100 -500 Microstrain 1A8n13
Y g’ o o Y l Y a ~ Y =
I minnsgslsznenlU@8929 Load-Unload (i 0.1 3u1dl luanuaie Haversine uaz il
%29 Rest Period (M11U 0.9 W19 ¥9819910119551435n15nAdoU BS DD ABF: 1995 d1m5

v

TUADUMINATOU Indirect Tensile Fatigue Test Ao

) @ 1 { o o ] 4
1. 1!1%@1!@]’J’é]ElN“ﬁ%%’1/]1ﬂ1i1/lﬂﬁ’é]‘]J’JWUu1ﬂLi;%'}uWWHﬁuﬁlﬂﬁNlLﬁzﬂ’JﬂJﬂuVUfN
Y @ 1 9 Jd A a d 9 = a A o ~ o
nouAlRE1NAlenosHenatiles aeauaziden 0.01 adwas ﬂ\i!lﬁﬂﬂuﬂWWﬂ 261@8141

[ 1 4 3 @ ] o o @ c?/‘ @
mmmﬁ’umug{uﬂﬂme 2 A59 Tagdari1eny 180 89f LAANNHUIMING IR 4 A5e 1aeda
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1 [ 1 § [ o @ ] 4 o
HNOAU 90 ’e)ﬂmué’ammmﬁﬂmawmmﬁumuﬂuﬂﬂmﬂLtazﬂamwmmmﬁ’aumamﬂ L‘Wd'f)‘Lﬂ

]
=1

Gﬁif]y.ﬁﬂ"lgfelff adllsunsu UTM V1.05 Repeated Load Indirect Tensile Test

d' ag v Y o 1
HMNN 26 LAAIITNITIANDUAIDYY

! o 1o 1 Y y P a ~ [~
2. ﬂf]uﬂ1§ﬂﬂﬁ@ﬂﬁ]$ﬂ1ﬂ1ill‘]§ﬁ’Jf)ElN"bGluﬂﬂ‘UVlQmWﬂuM 35 ouf el

a Y

o A Y v [l ~ 9
a1 24 Tuuie lddtedeiaznaaen lagaunginiudoants
3. 1hdeudlegaldinToanaae U RN UNMINATBY Indirect Resilient
IS 9 Y @ v @ ~ ]
Modulus Test 11la T1)sunsutaznsendoyaveindudiog i asuaaalumni 27 Tagnuiens
FUAUILAIUININAT Resilient Modulus HazA Strain 100 Microstrain (321113 NATDVADU
§1981901A1 Strain 100, 200, 300, 400 (a2 500 Microstrain HAALAITIUIY 3 HOUFIBE1) WA
A 1 v A 9 a Y a A ) o T [ ~ 9 ~ 9

IATBINAADUYA1 NG MTUAUNUNITUNDININAMUIUMIAMUIBLTIN TFNadoUNgnda

Ty

4. MimanagouaunszNem lugadanaunaoiionsavisvesn Tugamsudu
=K A "9 [ 1 A wa A 9 =1 1 o c?/’ ~ o 9 [ 1 [l A
D NNBUMBEITAINBININANVAEZITUNNAMIINIUATINNTZMIINTBNA AN

E4
a <K

< Yy g = 9 vq v - /
lﬂﬂellUHJUﬂ'lﬁﬁuq@ﬂ'ﬁﬂﬂﬁ@U “If\‘ﬂ”ﬂ’]iﬁﬂ‘]&l’luvlﬂﬁlcﬂiﬂﬁllﬂ53Jﬂf]3JW'JL@]E]§f1uﬂ'lﬁﬂ'J‘Uﬂ3Jﬂ'ﬁ

[ 3 9 Ay v A [ A
NMNIU lmmﬂﬂﬂl@yjﬁﬂﬁﬂ'lﬁﬂﬂﬁf]ﬂﬂulﬂﬂ'lﬂmif)\? UTM-14P ﬂ\‘]llﬁﬂ\‘]ﬁllnlﬂ']WVl 28



UTM.EXE

IFC_UTH [FA131 U1._.85 Repeated Load Indirect Tenzile Teszt
JOG+  JOG—

gpecimen identification: De@AYA54
comment =

specimen length <mm>
specimen diameter C(mml
pulse periocd (ms

pulse width <{ms
test loading force C(kHN>
Poisszon ratio
test termination strain {(p™ >
--- 0F terminal pulse
force load cell cal ) 6 [ UTH1i4P Load Cell 1
radial LUDT #i cal inde 12 [ IDT Horiz=ontal 1 3847 1
radial LUDT #2 cal i 12 [ IDT Horizontal 1 3648 1
temperature probe 1 ind 1 [ core temperature PT18BCILC>-383 1
temperature probe 2 i = 2 [ zkin temperature PT18BA<ILC>-384 1
archive binary f: 22 GasUTHM2NUTHM-2.28NUTH13BIN~D6BA7A54 . BIN
ASCII ocutput data file name: C:~UTHZ2NUTM-2.28~UTH13CSUSD6B?B54.C8U
test variant description: Fatigue Test

Ezc=done

a Y A Y v = v
MNN 27 uaae ldsunsumsnagsunsuans 1e991AnN15a D 1915 999N 190 o

e - M : LY 4

oo 211 displ <im> O.9084 o

e
-

=

B0 . L =200.0 D0 . O 2000

a ¥ A v v = v
NINN 28 MINATBUMIUANI1NUDI91AA NV WD 195 9Ran 199w
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v v

47 mynaaeumsauuuy 1¥imiinnseis (Dynamic Creep Test)
A 1 A 1 4 = £ 9 a
ermnsnlasuzlegiennsveaeailadneunia $991903UATTIU AS

1 v
2891.12.1 F9HVUADUNITNATOU Dynamic Creep Test A0

o Y 1 1 o o ] 4
1. mﬁ’am}mfmﬁ%z‘n1mimﬁammjmmﬁumugmﬂﬂanuazmmwuwm
Y o ' Y J A a J 9 = a a o @ Y ]
nouAI0819AleesHe1aliles Aeauaziden 0.01 YaaLtuasg Tﬂ&l“vﬂﬂﬁ’mlﬁuNWU

Y
4 [

Y
AUINA19 2 AT TagTar19n Y 180 BIA LAZANUHUININGTIA 4 ATY 1A8IAK19NU 90 DI

U
]

ieridoyaii 1aldasluTisunsy UTS005 1.30 Simple Performance Flow Test 151 T1)sun5ui

T¥nagou Dynamic Creep Test

' o (Y ' I o 4 @ [l
2. neumsnadouziimsugaieds 13 ludouiiunai 24 47 Tuaie 1ddod1a

A P A v
N gﬂﬂﬁﬂﬂqﬂqmﬂﬂvugnuﬁﬂﬂﬂ'ﬁ

3. hneudeda ldganaiveas HiAALs 1@ UAIUE19 (Confining Stress) 100 %

Mnstlanies Simple Performance Test

|

&

S

MW 29 uaaeisnsldgeenaiess 1iinausa@ud 11419 (Confining Stress)
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9
v 9

4. WarhinTeuieiinsandaneudieg1alunTed Simple Performance Test 117
Hardunios newimsnadeusellszana 15 wii e lhinTesiimsiSuguugiiniinms

nadaou

5. MMINATOUUAZNMITNATOVIZHYAAULDATY 10,000 Cycles 130 50,000
. . A < Ao Y o vy o 1 A
Microstrain mmmmﬂum‘nmwm"h“lumsmaau ENINITNATDU 3 NOUAIDYNUNDINT

Aunaeg TUMINATIUMIAANURUNIUADNITYUARID125 1A83T Dynamic Creep Test

E4
v 9

MNA 30 MIAAAINDUAI81911N1591 Dynamic Creep Test
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General | Setup and Control T e el | Chart options ‘Wave shape and Tuning
Stat date snd time [4/6/2005 134320 Samp el k) [T =
Average values of Watnings M

Temperohue 501 [F813 @ Tes!tine curaton [hhnms) [02.46:40
Confing stess (Pal [20 ) Cycles [10000
Deviatorshess (Pal [5136 () Accumleted micioshian 19493
Load Standard emar (%) ,27_ O Minimum microstrain/cycle lT

Contact stress (kPa] |26 Flow point [cycles] | 1064
I~ Display per sample values Miciostrain & flow paint 8034

1 e

500 1000 1500 2000 2500 3000 3500 4000 4500 s000 5500 6000 B500 7000 7500 5000 8500 S000 9500 10000
Cycles

MW 31 M5NATDY Dynamic Creep Test 71 14910 11/511A53 UTS005 1.30 Simple Performance

Flow Test

o o ' ' y A Y o A A vy
NANVINNITNAFTDUIVAININITDIUA Strain Rate VliJLLu’JTUNGl"WIIIﬂIﬂEm@’NﬂE)u

A0 UNANNVFSHIIINNTYUAINIG
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NauazI15al

A o

wamsmnaeuqmauuﬁ anNIaIIN

wvAa a 4 4 1
MNMINAdoUANANTAvTEIHUDZ NN 1AN191NTnTINTNOAS 1N E18N1NHAN
=] ~ 1 o ~ ~ va 3
WA 224 @10 0. 1¥A%0 B9 0.A513 A.903 0. 1¥ATe 2. uATTIELT Uaaauiadiuly
AMUTDMUUAVDINTUNIINAN

SMsuMmIB eI Itauruianazyeanlaim ldiimsnasanduuadeinag

(Restricted Zone Boundary) Hiuazunsaite lilivunaazidh 1) lusavasida sawams
g l Y o I A A @ 1 A
Iavuanazveanaswegludesmua uldamaisieh 15 azami 32Taedasdiuin

A 9 4 A o 1 [~ 0 . . .
wonl¥lunsnauuealannounIneaI 1@ IUNENIT U Bin 1: Bin 2: Bin 3: Bin 4= 40:18:20:22

M990 15 MITAUVUIAAAZYDINIATINN 1 Nadel

N » YFunamsiuazunssGovas Taoua)
YUIAAZUNTI TAAIUAT (1)

Binl Bin2 Bin3 Bin4 1¥  wwesgw el

19  (3/4) 100.0 100.0 100.0 100 100

12.5 (1/2) 86.2 25.8 809 80-100  76-86
9.5 (3/8) 100.0  37.7 1.0 65.8 - 61-71
475 (#4) 100.0  39.2 1.2 0.0 47.3 44-74 42-52
236 (#3) 78.2 0.9 0.2 31.5 28-58 27-37
1.18  (#16) 57.4 0.0 0.0 23.0 - 19-27
0.600 (#30) 42.1 16.8 - 13-21
0.300 (#50) 30.4 12.2 5-21 8-16
0.150 (#100) 19.0 7.6 - 5-11

0.075 (#200) 133 53 2-10 4-6

NI 1A IUNAY 40 18 20 22
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daaduvmnanay

100.0

90.0 T
—— Gradation

80.0 T

;_5: = = = = Lower limit Restricted Zone - /
=2 4
3 70.0
v% Upper limit Restricted Zone
< 60.0 1
g -
B
el 50.0
z
- (]
-1 i
% 40.0
g -
.
g 30.0 - ]
.
2 . Loz
20.0 .
10.0 ://
L]
L}
0.0 T

0.0

1.0 10.0
a_a
VUIAALUNTI (N ALNAT)

100.0

NN 32 ﬂﬁ'l’l/‘ll!ﬁﬂ\‘lﬂﬁ%ﬂﬂlu1ﬂﬂa$ﬂlﬂﬂu’la3’luﬁ1%ﬂﬂﬁﬂﬂ

M9 16 wamsnageuiaginuuzseani lFeonuuuioudiodis

Description Bl Bo) Total
Passing  Retained  Total 2 3 4
Mix Proportion (%) - 40 18 20 22 100
Bulk Specific Gravity = 2.651 2.683 2.687 2.693 2.689 2.687
Apparent Specific Gravity 2.908 2.901 2.902 2.936 2.929 2.921 2918
Effective Specific Gravity - S - = - - -
Water Absorption (%) - 3.21 = 3.16 2.99 2.95 -
IMABUYUUDINIATIVALIDYA
o 45.20 - - - -
%) hidesnii45%
IMAOUYUVDINIATINKOT
) Y - 100 100 100 -
%) litfesna190 %
ANVUUULAZAINYT
- 8.09 3.63 2.95 -
voouMA (%) itAu 10 %
Flakiness Index (%) lairAu 35 % 42 24 12 23
Elongation Index (%) lairfeenin 5 % 10 18 13 15
Asphalt Absorption (%) AC 40-50=0.43 AC 60-70=0.43 PMA=0.43
Los Angeles Abrasion (%) l3isfiu 40 % 18.3%

Soundness (%)

Sand Equivalent (%)

Taithu 9 %

Coarse Agg 3/4" =1.9 %, Fine Agg=3.4 %

Tdesnd1 50 %

2%
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A A = y o Aqv v ] Yy
LN@W%'lﬁﬂl']ﬂ\‘lelJu'lﬂﬂﬁzlm$ﬂ'l'§1/lﬂﬁ@°ﬂ'3ﬁﬂl‘ll@\W]‘H‘Uﬂﬂm?ﬁﬁ?uﬂi%!m?ﬂ%!ﬁuqﬂ?']

< Y o ] o ¢ Hq 9 : ¥
Lﬂull‘ﬂGnmﬂﬂ!“ﬂ‘ll@m‘ﬁuﬂ‘llENﬂﬁll‘i/lN‘Hﬁ”NLm%“ll’t)uuzu"lellﬂﬂﬂglﬂﬂﬁLWWTIGlGHGluﬂﬁﬂEJﬁiN

DUU

1 4 = Ay d [
wamseanuuUaIUNaNv waaannaunsnlaedsagesmil szé 1

v Y
fvsumsoonuuudoudiegan lFlumsnaaeuiil¥nsdavuianazuoInTunIg

NaN IﬂﬂﬂﬁiJ“l/lN‘Hﬁ’NGlGIQ)'}’f)fJﬂLL‘IJ‘lﬂﬂiﬂﬂ'l'ifif)ff%j%m"lﬂﬂ'l\‘]ﬁa’lx‘]ﬁiﬂﬂmﬂl 224 @19 0. 1¥A%Y

= ~ ' @ a Yo A o -4
AN ’E].ﬂilﬁ G].T!\T’E]Sqﬂ! E].I"]fﬂ“]ffl V. UATINBTUN Lm%ulﬂ‘lflTﬂ'liE]E]ﬂLLUULWE]‘VHUVJﬁHﬂ@iLGﬁuG]

graedilaanizlslumsnandoudlosslalag

[ o Aa A 1 9 d'
WIANDNI UM sz ansma (GSe ) VoA UMY AN UNTNI (16)

N¢

s

2.687+0.8(2.918-2.687)
2.872

a 7 {
wifsinaveweailadfigngadudrllunsasu (v, ) 1dninaunsi (17)

2.687 2.872

0.95><(1—0.04)X( 1 1 j

Vba [

0.05 N 0.95
1.02 2.872

Vi, = 0.0574 cm 3/cm -

mﬂ?mmmmuaﬁﬂa@Tﬂixﬁmﬁwa(Vbe) Tdanaunsn (18)

V.= 0.176-0.675log(12.5)

3 3
Vbe: 0.102 cm ~/cm



dmsulsmaeailadisudu(p, ) mldnnaumsi (19) ez (20)

0.95x (1-0.04)

W =
s 0.05 N 0.95
1.02 2.872
W= 2.401 5y
p- Gy, * (Ve T V) <100

6, (v, +v, ]+ w.

1.02x (0.102 +0.0574)

b [1.02%(0.102 +0.0574)]+ 2.4

X
01

Y
P.= Fouaz 6.34 Tassiiinueanlasiuy

100

68

v v ' [ 4 U a ) [
nanmsuadatouded e laeldiaqrenszauiosas 6.34 awmSunueailadiiuduas

=
ATNN 17

H % @ 1 4
M990 17 wamsuasanoudled1a Ingldeaeailadiosas 6.34

. AC 60/70 AC 40/50 PMA
Tuiiuada (5o0) 9 135 220 9 135 220 9 135 220

Gmb fi5zidiu'ld 2,074 2331 2369 2109 2371 2410 2.099 2344 2380
Gmb 715014 2453 2.467 2.462
Factor 1.036 1.024 1.034
Gmb USuud 2.148 2414 2453 2159 2427 2467 2171 2425 2462
Gmm 715014 2.473 2472 2472
% Gmm 870 975 99.1 874 980 995 87.6 980 99.5
Va(%) 130 25 09 126 20 05 124 20 05
VMA (%) 16.0 15.5 15.5
% naeailadiysziin 14 575 5.53 5.53
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o Y1 9 Yo A a A
%1ﬂﬂ13ﬂ1u18ulﬂﬂ15ﬂﬂa$ﬂli’)ﬂ1%3ﬁﬂlsﬁﬂﬂﬂ§$ﬁ1u“ﬁuﬂAC 40/50, 60/70 iLtag PMA A

Y 9
$ovay 5.53, 5.75 uag 5.53 Taothmiinueanias WU 1ay NnTiumaAInaaulAUe

1 A o a 4 v A (a 4 1 Y VA
drunguioivualsaueailadesnuuy TasuasiundSaveailad 4 a1 ldun 7
Usuameailadndsziinld nlSnaveailadnisziiuld £0.5% uaznlSunameailagn

Uszdin'ld +1.0% ldwadansnai 18, 19, 20 uaz 21

H @ Y ] a o a
ﬂ'lﬁ'l\‘i‘ﬁ 18 Nﬁﬂ'l'i‘]Jﬂf)ﬂfg]}fJ1!@']'3’03']\‘]Iﬂﬂi%ﬂﬁ\l"Iﬂ‘!fJNLL’OﬁWﬁﬂﬁ‘lJﬁgmullﬁ} -0.5%

FHAL (%131 14%)

AC 60/70 (5.25%)

AC 40/50 (5.03%)

PMA (5.03%)

Swuiivasa (se1) 9 135 20 9 135 220 9 135 220
Gmb fiszidiuld 2,046 2290 2326 2023 2281 2314 2073 2317 2354
Gmb 715014 2.423 2.420 2.425
Factor 1.042 1.046 1.030
Gmb USuud 2132 2385 2423 2115 2385 2420 2.136 2387 2.425
Gmm 715014 2.509 2.518 2.517
% Gmm 846 951 966 84.6 947 961 847 948 964
Va(%) 154 49 34 154 53 39 153 52 36
VMA (%) 15.9 15.7 15.7
VFA (%) 69.2 66.2 66.7

H [ [ ] a S a
M9199 19 wamsuasanoual10e1 laeldsinaesueailadniszaiuld

FHASN (%131 1%)

AC 60/70 (5.75%)

AC 40/50 (5.53%)

PMA (5.53%)

Sufiuaga (51) 9 135 220 9 135 220 9 135 220
Gmb fiszfin'd 2089 2350 2388 2.062 2297 2333 2026 2271 2.300
Gmb 715014 2.444 2.434 2.442

Factor 1.023 1.043 1.062

Gmb USuud 2137 2405 2444 2151 2397 2434 2151 2411 2442
Gmm 715014 2.492 2.500

% Gmm 856 965 980 86.1 959 974 862 963 977
Va(%) 1278 35 303 139 41 26 138 37 23
VMA (%) 15.7 15.7 15.4

VFA (%) 77.5 74.1 75.8




70

Y o ¥ o Y (a 7 A v
ﬂ1§1\1‘ﬁ 20 Wﬁﬂ'lillﬂ’ﬂﬂﬂ@‘L!G]’J'GEJNTﬂﬂ(‘l‘lﬂjill'lfl!ﬁ]'l\‘lllﬂﬁﬁﬁ@ﬁﬂﬁgmuhlﬂ +0.5%

Hiiaea (%e19i19) AC 60/70 (6.25%) AC 40/50 (6.03%) PMA (6.03%)
Sufiuasa Gew) 9 135 220 9 135 220 9 135 220
Gmb fiszdiu'd 2061 2336 2380 2067 2311 2345 2050 2291 2.328
Gmb 715014 2.450 2.443 2.455

Factor 1.030 1.042 1.055

Gmb Ysuud 2122 2405 2450 2.153 2408 2443 2.162 2417 2455
Gmm #3018 2.476 2482 2.483

% Gmm 86.0 972 989 866 970 985 87.1 974 988
Va(%) 140 28 1.1 134 30 15 129 26 12
VMA (%) 16.0 15.8 15.5

VFA (%) 82.7 80.9 82.9
M31ah 21 Hamsuasadousnodalaeldsinanaeailagiisziinld +1%

Fiiaene (%ot 14 AC 60/70 (6.75%) AC 40/50 (6.53%) PMA (6.53%)
Suufiuesa Gew) o) WES 2l i 9 135 220 9 135 220
Gmb fiszdiu'd 2082 2340 2374 2052 2286 2317 2.036 2278 2.309
Gmb 715014 2.457 2.456 2.460

Factor 1.035 1.060 1.066

Gmb U5uud 2.155 2421 2457 2.175 2423 2456 2169 2427 2.460
Gmm #1504 2.458 2.466 2.466

% Gmm 873 984 1000 879 982 99.6 878 984 998
Va(%) 127 16 00 121 18 04 122 16 02
VMA (%) 16.0 15.8 15.6

VFA (%) 90.2 88.3 89.7

]
Yy A

MnYoyadeduiiamnsoad 19ansMveere931901INIA F09I19TLHINOYNIANIATIN

v

vy

1 ' A ~ d A @ a Jd o ~
u,az%mmmgmmuwmmmaﬂammemﬂuﬂimmu@ﬁﬂaﬁ ﬂdlli"fﬂﬂuﬂ”l‘v\l‘ﬂ 33
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g 4.0 >
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g 3.0
N
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60/70 Llag PMA ﬁwlmmJi‘umuaa?&lamamumﬂu%’aﬂaz 5.5 IMOUNIFATINBUA

3197 22 AaauiAdIUNANoONLLUY

AANIINAADN

AuaNTAg NN Pormua
AC 60/70 AC 40/50 PMA

Va, % 4.0 4.0 4.0 4.0
YSuaueailad, % 5.6 5.6 55 -
VMA% 15.9 15.7 15.5 f1q9 13.0
VFA% 74.0 74.0 74.0 65 -75
Yoy 1.6 1.6 1.7 0.6-1.2
%Gmm@N, = 9 85.1 86.1 86.1 <89
%Gmm@N, =220 973 97.5 97.6 <98
devmsusuda
Va, % 42 42 4.0 4.0
Ysuaueailad, % 5.5 5.5 5.5 -
VMA% 15.8 15.7 15.5 f1q9 13.0
VFA% 73.0 73.0 74.0 65 -75
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HaNINATRUAMANTAMIIAINT TN
NANAFOUMIAUTDYTAIN (Stability) waza1ns lva (Flow)

3 A ' s a ' o A ' A Al o
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1 a 4 . 1 3 o
Gluﬁ')uWﬁll"’ll’l’)\‘]NTVI'NLL’E)TTWa@]ﬂ@‘Hﬂgﬁﬁﬂlﬁ\1§ﬂLﬂ1$ (Cohesion) TEUINNAITANINTINLAL
' A A ~ Y, Vo 4 A Aq Y
LEANANRDYATUAITINN 23 ﬂi']flﬁglﬂflﬂvlﬂﬁlUﬂﬁlﬂWU'Jﬂ W‘]J'njﬁﬂllﬂﬁﬂaﬁﬂ@uﬂiﬁﬂﬁlsﬁﬂqﬂ

IN3A 40/50 Az TiANADETNINGINGA AMUAIBEI PMA 1AZE1NTA 60/70 AR

A15197 23 WaMINATOUAUADETAIN (Stability) 11azAINIT I1a ( Flow)

Type Average Stability (Ib) Average Flows (in( 1/100))
AC 60/70 2,971 13
AC 40/50 3,797 14

PMA 3,617 15

Tasdorvuavednsuniarale liaadesnIn (Stability) 1iieenin 2,400 Ib azm

1 1 . 1 d o
mi"lwa (Flow) 2YITHIN 8-16 (1/100 in) wmuﬂu”lﬂmwff’aﬂmumlmﬂiumwma
[ <
NANISNATOUAFHANINLUILLT (Strength Index)
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Lﬂumﬁm‘uaﬂmmmmaa“lumséfmmumsﬁﬂﬂsau raaaou "’IJ’ENﬁ"J'IJWfT?JLﬁ?J

o Yo A v A 9 AAa a a ~
uﬂﬂiwnmvm IUNTUNANINNTNNIZLIAADUNINGA LASYUVHNUDININNNG
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AC 40/50,60/70 ttag PMA #1¥3aquiasuninuzsoannuingaauiarmuaimnus

Y o @ dy J A ~ = Y
VONTUUAANULATHAAIAURAYATINATITINN 24 ﬂiTﬂaglﬂﬂﬂlflﬂiuﬂ1ﬂwu3ﬂ
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Y Y <
9197 24 HANTNATDUAYHANULY LT (Strength Index)

Type Strength Index (%} 280Y)
AC 60/70 86.90
AC 40/50 87.40

PMA 88.80

o 1w < ] '
TasdorvuavednsunIarale liadyHinuutansa (Strength Index) Mitioenin

1 g [
Fovaz 75 wundu lleaudesmuaveansunianads
HAMAATIUAIA95ULTIA (Tensile Strength Ratio, TSR)

Lﬂumimaamﬁammmu%maqﬁmﬁeagjmmﬁ’auﬁaasinuaﬁﬂaﬁﬂ@uﬂ?ﬂiﬂﬂms
Tusensziuuunssramedoumondamshaeaanmanudoniodiosnna i :1aas
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dd'sl ZJ a A [ ) = ya o = Y
ﬂﬂuﬂi@ﬂi%ﬂ1ﬂ%ﬂ3‘%uﬂuﬂ1 ATIUNTAN Uuiﬂﬂﬂiﬂﬂﬁﬁmﬂl&ua$ﬂ§1ﬂﬁ&@8ﬂ1ﬂ1u

NANUIN

M3197 25 HAMINATBUMIMIFATIUAISITULITIA

AC 60/70 AC 40/50 PMA
Average Dry Strength (kPa) 843 893 957
Average Wet Strength (kPa) 768 819 885
Tensile Strength Ratio % 91.1 91.6 92.5

o 4 1w 1 o v o . . 1
Tagdoimuavogilosmnlldamdasdiuiidasunsada (Tensile Strength Ratio) 14

' 1o o
Woani1 Sovay 80 wuduilullmudetmuavesgilosin
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HAMSNATOUAINISITVITIAINI89Y (Indirect Tensile Strength Test, ITS)

I~ & < o 4 = ¥
Lﬂuﬂﬁ“ﬂﬂﬁ'@‘ULWf]‘l/iTﬂﬁ'liJLL"’INLLNéU@QQﬁQL!@ﬁ‘Wﬁ@ﬂ’ﬂuﬂiﬁ NAANIINATOUNDU
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L% 4 = d' 9 s c; d' a
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Tuvazhiaquoailadnouniai lderansa 40/50 uaz PMA lis ITS Indinoain

'
= 1

¥ o v w @ J a
ﬂ'li'l\‘i‘ﬁ 26 fﬂaQﬁﬂllix‘la\iﬂ"I\‘]’Egll’f)‘JJ‘llﬂﬂ?ﬁﬂllﬂﬁﬁaﬂﬂﬂuﬂgﬂﬂ UHHUAN

a

QuUnqN AUNAYRIAITVUTIAIN1ODN ( MPa)
°C AC 60/70 AC 40/50 PMA
5 3.005 3.809 3.621
20 1.399 2.040 1.993
35 0.482 0.603 0.680
50 0.148 0.190 0.251
60 0.106 0.126 0.142
4.0
= 35 D\
S
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4 2.0 -
s
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A @

Nﬁﬂﬁﬂﬂﬁﬂﬂﬁﬂﬂﬂéﬁﬂﬂ@% (Resilient Modulus Test, MR)

Hamsnageua lugaaauaINguugl 5,20,35,50 Hag 60 pIFIAIFEA 1Agn1

Q Y

o a ' o ' Y1y o ~ ~ YR A
NAFTDUNN 2 TIﬁ“I/INLma%]’J’E]EJNi]%vlﬂﬂﬁ@Elazﬂ1iﬂi$i]18@]’Jlﬂiﬂumﬂﬂﬂ‘ummaﬂ (% CV)

Taitfiu 10 % 15197 27 nazawd 35 1duaasaundenamsnageum lugdanuavesnon
Mod1aznamsnadeUsglunanuIn nuImul Tduveswamsnadoudal MR Indifoaiy
J ' A o J 2 Aqu A o A a
A ITS nanaedaquaailanneuniai lseraunsa 60/70 IA1 MR diigalunngumngi
{ o J { ' o
Tuvazhiaquoailadneuniailderunsa 40/50uaz PMA Tisn MR IndiAegeiu

v A 4 [

Y 1 4 { a
M3199 27 wamsnaaeua lugaaaudlvesIaquaailadneuniangungiianie

q

qmw@,ﬁ Resilient Modulus (MPa)
°C 60/70 40/50 PMA
5 14,172 18,152 15,792
20 4,914 7,023 6,086
35 973 1,680 1,184
50 205 280 302
60 127 164 222
20,000 |
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’S 12,000 | &
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NANINATOUMILUANT 109910 NUA MDD 115 9991991 (Indirect Tensile

Fatigue Test)
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A 1 =) A A d?' . v o Ao 4 =S ] o 1
HIDATNANUIATIANINAVY (Strain) ﬂ‘]Jml‘!’luﬁf)‘]JT]’JﬁﬂLLﬂﬁWﬁQﬂBUﬂﬁﬁ(DZTULLﬁ\‘]f‘li%“lfﬂﬂ’f)u
a = . . Y Y = o w ~
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1 9 v 1 d' o Y 1 1 a1 d‘ <; 1 4! Y [ S Y
WU NOUAIBINNYNNIZINAIEAT €, anI19zTA1 N, NAINNTIF0AATINUNHRAIY
) o ¢ A Aq Y a 9 ' Y o A
anua tagiaquoailaaaounianlse1ania 60/70 HANUAIUNIUABNITUANI 1A INGA
1 A A A o k) =) Y 4 a A 9
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a = I a A A a ~ o 9 A 1o
60/70 dztNAANUFIH I UBTHALTH TUVULNLONITUINTZATANWAUNNINY (100 kPa )
[ 4 A A 9 =1 . 4 T W 4 A A 9
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= . 3 1w 4 A Aq Y =
19 PMA 921 Fatigue Life 1nni13aquoailadnounianlseiansa 40/50 Tasliaunis

v o d 1 1 4 1 { Y J
ANUAUIUE Tz €, 1az N, e R 1 ldszana 0.96 Al

4

AU

AC 60/70 log €, = 3.708-0.355 log N,
AC 40/50 log €,.=3.956-0.418 log N,
PMA log €, =3.801-0.364 log N,
KaaL3eRATIN

GOEIGEL L log €, ,=3.405-0.159 log N,

v o ARV A o = = @ awv o
ﬂ1ﬂﬁ'1lﬂWiﬂ'ﬂﬂJﬁNWH‘ﬁ‘ﬂllﬂliJf]’HWUl“]JLﬂiEmmEJ‘Uﬂ']JWﬁ\‘]1u3‘ﬂﬂﬂl@ﬁﬂmlﬁﬂ%ﬂllﬁ$ﬂm$
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nlmanInageunuaNiAsIuANNAIUMUANNAve T aqueailadneunsaNIZINLIN
A a A o = A 1w A @ 4 A A I
AUUHONIIUINITZAVANUATIATNMINY (200p) B3N TAuUadladnounIaNIZINY
v
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HazANUIAY

Type €x (200 microstrain) Ox (100 kPa)
AC 60/70 8,895 9,572
AC 40/50 9,072 26,062
PMA 13,120 20,512
IANFeLaz AU 8,774,201 -
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No. of load repetition at failure vs. Stress

6.0
§ 5.0 &\
% w2 40 ~~
5 5 i
'é % 3.0 y =-2.787x + 9.990 3
2 g R?=0.944
% = 20
§’ 1.0

0.0

1.00 1.50 2.00 2.50 3.00
Log of stress (kPa)

v o d 1 @
M) nTUANUTNNUTIZHIN Log of number of load repetitions N1 Log of stress

o % o Aq Y 4
"UEN'Jﬁﬂ!LE]i’f‘m’d@]ﬂﬂuﬂiﬁﬂi%ﬂNl!@ﬁ‘Wﬁmﬂiﬂ 40/50

6.0 No. of load repetition at failure vs. Stress
5.0 ~2
§ 4.0 \\
k] : M
g 3.0 N:*\ o
- y =-2.739x + 9.459 -
2 §- 2.0 R? = 0.962
k]
§’ 1.0
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1.00 1.50 2.00 2.50 3.00
Log of stress (kPa)

v o 1 I 2/
¥) NI ANNANNUTIZHIN Log of number of load repetitions N1 Log of stress

@ J o gy J
ﬂlﬂﬂﬂﬁﬂllﬂﬁﬁﬁﬁﬂﬂuﬂiﬁﬂl‘]ﬁlNuﬂﬁ‘Wﬂ@Lﬂiﬂ 60/70

s No. of load repetition at failure vs. Stress
3 5.0 ~_
% 2 40 S

<]

E 2 30 e,
2 g- y = -2.806x + 9.924
5 - 20 R®=0.947
§’ 1.0

0.0 T T

1.00 1.50 2.00 2.50 3.00
Log of stress (kPa)

v o d ' @
f) AIMANUFUNUTIEHIN Log of number of load repetitions N1 Log of stress

o % o Aqy 4
"ll’f)\nﬁﬂ!!fﬂﬁﬂa@]ﬂﬂuﬂi@]ﬂi%ﬂNl!ﬂﬁWﬁﬁ PMA

H o o 4 1 1 a o o 2’
anﬁ 36 ﬂiﬁ/\lﬂ']”lﬂ\lﬁﬂwu‘ﬁigﬁ'nx‘]ﬂ”laﬂﬂﬂ13§3ﬂ]@\1’1]11!'31!5@']Jﬂ15ﬂ15ﬂ531/]"|c]ﬂ (LOg of
number of load repetitions) fuA1aeNM3IFUYIAIANUIAL (Log of stress) ﬂlﬂxﬁﬁ’ﬂ

% o Aq Y 7
Llﬂﬁﬂﬂﬁﬂﬂuﬂﬁ@]ﬂi%ﬂﬁu@ﬁﬂﬂmﬂiﬂ 40/50 1N3A 60/70 ILay PMA
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60 No. of load repetition at failure vs. Initial strain
.§ >0 Ji\
= 4.0 -
B g \%\\‘
L 3.0 ~ve
{20
5 y =-2.313x + 9.280
2
g’ 1.0 R? = 0.966
0.0 N N E— ‘
1.00 1.50 2.00 2.50
Log of initial strain (microstrain)

3.00

v o J J s, [ Z e .
M) NIMANUFURNUTIZHIN Log of number of load repetitions AU Log of initial strain

o % A Aq Y 7
"UEN'Jﬁﬂ!LE]i’f‘m’d@]ﬂﬂuﬂiﬁﬂi%ﬂNl!@ﬁ‘Wﬁmﬂiﬂ 40/50

6.0 q

No. of load repetition at failure vs. Initial strain
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1.0
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¥) NI INANNFTURY SEEATRRR Log of number of load repetitions 1 Log of initial strain
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m@ﬂ?ﬁﬂll@ﬁﬁﬁﬁﬂﬂuﬂiﬁﬂl‘]ﬂﬂNuﬂﬁ‘Wﬂ@Lﬂiﬂ 60/70

No. of load repetition at failure vs. Initial strain

ae
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]

y =-2.681x + 10.287

R? =0.975

Log of number of laod
ons
[FFN
o o

1.00

1.50 2.00 2.50
Log of initial strain (microstrain)

3.00

v o J ' @
A) NIIMANUAUAUTIZHIN Log of number of load repetitions N1 Log of initial strain

o % o Aqy s
"lJ’fN'Jﬁﬂ!L’ﬂﬁﬂa@]ﬂﬂuﬂi@]‘lﬂﬂfﬂNl!'ﬂﬁWﬁWﬂiﬂ PMA

4 v o ' 1 a o o 2’
M 37 ﬂi"ﬁ/\lﬂ?"l?Jﬁ?JWl!‘ﬁi%ﬁ’JNﬂ"la’E)ﬂﬂ”li%ll"l]@ﬂil”l‘L!’J‘Llii’]']Jﬂ”lSﬂ1iﬂ'§$‘ﬂ”l%1 (Log of

number of load repetitions) AUAIADNNTTNVDIAIANNIATEASUAY (Log of initial

strain) Yo iaquoailadnouniaildoaeailadinga 40/50 1nsa 60/70 1Az PMA



a v Y v = Y, o ¢
MN1919N 29 Wﬁﬂ’lﬁ‘ﬂﬂﬁ@'ﬂﬂ’lill@]ﬂfl”l'Jfl]'lﬂﬂ'J’liJﬁ’llllllliﬁlﬁﬂﬂ\?‘ﬂ’l\?E]@Nm@ﬁ’)ﬁﬂll@ﬁ‘ma@

Aounsanldeaediladinia 60/70 1NTA 40/50 Liag PMA
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N Initial stiffness $mauseuveIMsnszid v
gueailad | NeudInd &€ | Ox - v
modulus (MPa) ANUTIHIBINA1INA
1 1.100 490 | 263 1.056
2 1.248 481 | 293 566
3 1.322 491 | 317 606
4 1.015 394 | 195 1.450
5 847 426 | 176 1.050
6 728 456 | 162 1.988
7 1.184 329 | 190 1.908
AC 60/70 8 952 347 | 161 2.660
9 855 327 | 136 3.028
10 1.167 179 | 102 9.664
11 902 199 | 88 7.368
12 1.296 200 | 127 4.536
13 935 97 | 44 Laidemne
14 1.029 98 | 49 liidewne
15 1.394 79 | 54 70.912
1 1.624 93 | 74 58.304
2 1.805 83 | 73 Lsidene
3 2.017 75 | 74 60.992
4 1.891 211 | 195 6.216
5 1.504 189 | 139 12.000
6 1.531 196 | 146 7.168
7 1.138 263 | 146 7.032
AC 40/50 8 1.319 208 | 147 5.160
9 1.256 239 | 146 7.008
10 1.400 343 | 234 2.624
11 1.465 415 | 297 2.828
12 1.453 330 | 234 2,612
13 1.196 502 | 293 1.010
14 1.280 469 | 293 990
15 1.291 504 | 317 928
1 1.197 493 | 288 960
2 1.159 474 | 268 1.300
3 1.225 490 | 293 1112
4 1.006 397 | 195 2.144
PMA 5 1.385 389 | 263 2.452
6 985 406 | 195 2.832
7 880 341 | 146 4.368
8 1.278 283 | 176 4.792
9 937 354 | 162 3.068
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M13199 29 (619)

10 1.637 196 | 156 11.776
11 1323 197 | 127 8.304
PMA 12 1.343 193 | 126 9.408
13 1.428 98 | 68 liidewne
14 1.197 96 | 56 liidewne
15 1071 107 | 56 lisdevne

wnema  “luidone = liinaanud@emedionagounsy 100,000 501

Y Y

namsnageumsavuuulmiminnszyigh (Dynamic Creep Test)
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Strain rate (Microtrain/Cycle)
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aatuink 60 °C
—‘N AC 60/70 @ AC 40/50
’ L~
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usaLTausINsingh

MNT 41 L!ﬁﬂ\‘]Wﬁﬂﬁ“ﬂﬂﬁ’ﬂ‘ﬂﬂWiQUﬁlﬂWQiizﬁ’J'N‘STHJHTE)‘]J 11 Strain Rate
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M131991 30 HANISNATOUA Dynamic Creep Test ﬁqmﬁ

a

U

=

DU 40 LT 60 DIFYALY YT

Temp. C 40 60
Flow point Permanent microstrain Flow point Permanent microstrain
Type Sample
(cycle) per cycle (cycle) per cycle
1 5063 1.22 1,226 8.39
5126 1.46 1,335 9.92
AC 60/70
3 4052 1.42 1,271 8.91
Average 4747 1.37 1,277 9.07
1 - 0.72 2,350 5.34
- 0.87 2,135 5.19
AC 40/50
3 - 0.80 1,995 5.78
Average - 0.80 2,160 5.44
1 - 0.92 1,215 7.04
2 - 0.93 2,226 7.31
PMA
3 - 0.85 2,338 6.25
Average - 0.90 1,926 6.86

A1519% 30 LAAINANITNATOL Dynamic Creep Test 1AgNT1UIUTOUVDINTNTLIT

FUNINY 10,000 50U NYUNHI 40 1182 60 DIRUFATHA NINT 38, 39, 40 LAY 41 UAA
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#10819n519HANINATOL Dynamic Creep Test IA8oNNTHUINANINATOULAIVTHUN
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HATINANMIATEADIT (&) MeUAUS1INATIVEIN 5 19139 (Number of Cycle) Aauanaaly
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i 42 Tasmanunieanimelausanszinsintsosn Tailu 3 923 e msaura

A 9 . T ¢ a = Ao Y 9

(53AY (Primary Creep) G4%9H921AAAINIATEADIITNINNTIUIUIOVVDIN 1HLI5IUDY

5w A A a4 da & = o

AMTUNMIAVFINA0 (Secondary Creep) ANVIATIANINAVYUILAINNOULTININTZIN

IUNIZNINTAUFINA (Creep Rupture) Tagazinannudonms Tasganlasunnuduves

H 1 4

FrNdoazFNNaWIzHAAIASIUIUATIUBINS 1153 21 aideg1) (Number of Cycle at

Failure, N,) 9Inmsnadeuazildannsamainnunsenguai 1d mnaumsiaventias

(Power Model) 1@fi & = aN" 1iip a waz b fio MAININMINATOU (N1NN 43)

Secondary creep "Creep rupture

Primary creep

-

N N¢ Loading cycles

Y v o J 1 v o ng
ﬂ"l'i/‘lﬁ 42 ﬂ'ﬂilﬁiJWH‘ﬁim’i'JNWaﬁ'J?Jﬂ'J']iJLﬂ?EJﬂﬂW'Jiﬂ‘UEU'IU'JUﬂ'i\?GUfNﬂWiGl)ﬁjLLiQ
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log €; (N)

Intercept “a”

\/

log (N)
A DA
MNN 43 ANURVYUVDIAIANN a LA b

YA o =R 9 1 2 A 3 = Y ~
19739899 100091181 Power Model ¥090ansnadoudiiduaoudo lanlasunsiv
[ v 1 =\ ) 3 9 9 1 Aaf
ANUAUHUTITHINHATINANNATIAD1ITAUIIUIUATIVEINT I led lugilaanm3Tu
< 1 4 S A 1 4
Tagaznasanslmmizsansauiaes Faagmyasuduvesmsaurndes ldaannsm
] ] v v v I Y
ANNAYYDIAT Strain Rate NAINUAIMITIUIUTOUITUAUNATINUAURAGUDIAT Strain Rate 171
v I Y
nazAlareueIreMsAUNdeIRaYa Flow Point AIAI0619010WH 44 11ntiumanmsiduas

VoINS INFIAI0619M NN 45 11az 46 92 18 Power Model $190113199 31
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Accumulates strain %o

41 T

BTNl 40 °C
AL 6070 PMA
v = 0.3613x + 2.6069 y = 0.1834x + 3.1893
_- ng/ T
| AC 40750
y = 0.1846x + 3.1162

RY=0.9992
7\\II\H\Ii\\I\H\IIi\IIII\II\illll\\I\\illl\\II\\{II\\II\Hill\ll\H\il\\I\I\\Ii\\llll\lli\l\ll\\II
3l 33 34 £ 36 37 18 13 4 4l

NIV INTIATINN

MU 45 1AAIAIBENMINIAIAM @ 1AL b NRUKYN 40 DIFCTATYA

Accnmulates strain %o
-

43 T

autinii 60 °C

AC 60/70
y = 0.4529x + 2.3049

R = 0.9984

AC 40/50

PMA
= 0.4B65x + 25355
R?=0.9989

y = 0.4925x + 25042

R = 09979

|

28
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MW 46 1AAIAIDENNITMIAIAIN @ LAY b NYUNH 60 DIFUITAIToA
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ﬂ1§1\1‘ﬁ 31 UFAANIAINITINADTUDILLULDID DN Power model ﬁ‘ﬂﬂ’ﬁﬁ]ll

88

Type
Temp. °C sample AC 60/70 AC 40/50 PMA
a b a b a b
1 3.0893 0.2667 3.1162 0.1845 3.0173 | 0.2337
40°C 2 2.5790 0.3676 3.3102 0.1576 3.1893 | 0.1834
3 2.6069 0.3813 3.2015 0.1760 27111 | 0.3124
1 2.8049 0.4529 2.5042 0.4925 2.5355 | 0.4865
60°C 2 3.1099 0.3103 2.2196 0.5422 3.0569 | 0.3542
3 2.9009 0.4178 1.8701 0.5853 2.8746 | 0.4331

o w Ay y A o =~ ~ o o w
NFUNITLAVINNAY (Power Model) ‘V]vlﬂlll@u'lhlﬂlllfl'EJTJW]EJTJﬂ'UﬁiJﬂ'lﬁm"UEJﬂﬂ']ﬁQ

VOIHANUITINHIULIAINTI9N 32 TAINMTUNUAIAIGTIUIUTOUNNINUNUINANTT

k4
nagouluiesl§iian1siia Strain ganIHANINATOUVOINVFUNTNG 2 QNN 1AZFIND

. d' a rfd' (] 1 1 ] o a 4 9
Raabira NSunatenaueailadn 5.5% 1az¥09190109 4% ua Iiaunsniir lnsizsina'lé

ioannianuuana iy luseazvenveININAae LT VIARaZIA M TUAYDI T

9
4UIaT3IY %ummzﬂmmmmmm@ﬁﬂaﬁ mmﬂuazmmqwmﬁ'auﬁmEnwmﬁ@u JIUNY

TYazReANazITMI TUMINATOU 1Y 153INTEN LAz QUY

M15199 32 AUMTAVENHAINANUIVINAIULN

G

aunlgluminaaoy

RGN a b
40°C 0.032 0.456
FUNT Temperature
60°C 0.022 0.604
4 2.0305 0.1617
Binder content (%) 4.7 2.9806 0.1663
Raabira 5.4 4.5185 0.1806
3 1.6485 0.1836
Void level(%)
5 2.9806 0.1663
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5. WanINAAoUA INQaaAUAT (Resilient Modulus, MR) WU QI UNADE1IEY
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H [ a 4 [ 9
minwmnﬁ N1 HANITAIAVUIAAASUDINUUSEDAN Iﬂﬁ\iﬂ15ﬂ@ﬁﬁNﬁ1ﬂ'ﬂN1’fﬁ’NWiﬂﬂLﬁﬂl

224 619 9. 1%A%E — .31 A.9]993 0. 1¥ATY 9. UATIIHAN

Hot Bin
L’U’EJ{ VYUIA
% Passing Tolerant

Sieve ATLNTI Combined  Desired

2 Limit
(U9) (uy.) Bin 1 Bin 2 Bin 3 Bin 4

3/4" 19.0 100 100 100 100 100
12" 12.5 86.2 25.8 80.9 80-100 76-86
3/8" 9.5 100 37.7 1.0 65.8 - 61-71

#4 4.75 100 39.2 1.2 47.3 44-74 42-52

#8 2.36 78.2 0.9 0.2 31.5 28-58 27-37
#16 1.18 57.4 23.0 - 19-27
#30 0.600 42.1 16.8 - 13-21
#50 0.300 304 12.2 5-21 8-16
#100 0.150 19.0 7.6 - 5-11
#200 0.075 13.3 5.3 2-10 4-6
Mix

40 18 20 22

Proportion
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4 a 14
Vni%?ﬂu']ﬂﬁ N2 WaN1INATOU Flakiness index U9IHUULHFDAN (Bin 2)

Sieve Size Width of Mass of Aggregate (g) Flakiness
Slot Sieve Retained  Passing Total Index
(mm) (in) (mm) (in) A B A+B %
63.50-50.80 (21/2-2) 34.29 (1.350) - - -
50.80-38.10 (2-11/2) 26.67 (1.050) - - -
38.10-2540 (11/2-1) 19.05 (0.750) - - -
25.40 - 19.05 (1-3/4) 13.34 (0.525) - - 3
19.05-12.70  (3/4-1/2) 9.53 (0.375) - - -
12.70 - 9.52 (1/2-3/8) 6.68 (0.263) e - -
9.52-4.76 (3/8 - #4) 4.29 (0.169) 917 663 1580
Total 917 663 1580 = 42%
_— Total Mass of Passing Slot Sieve 1o B <100 — 663 <100 = 42%
Total Mass of Aggregate (4+B) 1580

4 a 4
MIWHINT N3 HaN1INATOL Elongation index Y931 UVLHDAN (Bin 2)

Sieve Size Gage Mass of Aggregate (g) Elongation
Length Retained  Passing Total Index
(mm) (in) (mm) (in) C D C+D %
63.50-50.80 (21/2-2) 102.87 (4.050) 2 - -
50.80 - 38.10 2-11/72) 80.01 (3.150) = - -
38.10 - 25.40 (r12-1) 57.15 (2.250) = - -
25.40 - 19.05 (1-3/4) 40.01 (1.575) - - -
19.05-12.70  (3/4-1/2) 28.58 (1.125) = - -
12.70 - 9.52 (172 -3/8) 20.02 (0.788) - = -
9.52-4.76 (3/8 - #4) 12.85 (0.506) 165 1415 1580
Total 165 1415 1580 = 10%
Bl Total Mass of Retained 100 = C 165

x100 = x100=10.4%
Total Mass of Aggregate (C+D) 1580
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4 a J
Vni%?ﬂu']ﬂﬁ N4 WaN1INATOU Flakiness index U9IHUULFDAN (Bin 3)

Sieve Size Width of Mass of Aggregate (g) Flakiness
Slot Sieve Retained Passing Total Index
(mm) (in) (mm) (in) A B A+B %

63.50-50.80 (21/2-2) 34.29 (1.350) - - -
50.80-38.10 (2-11/2) 26.67 (1.050) - - -
38.10-25.40  (11/2-1) 19.05 (0.750) - - -
25.40 - 19.05 (1-3/4) 13.34 (0.525) - - -

19.05 - 12.70 (3/4-1/2) 9.53 (0.375) 1163 341 1504
12.70 - 9.52 (1/2 -3/8) 6.68 (0.263) 733 192 925
9.52-4.76 (3/8 - #4) 4.29 (0.169) 469 193 662
Total 2365 726 3091 = 249
Total Mass of Passing Slot Sieve B 726
FI= 3 < 100 = 22 %100 = 23.5%

= ———Xx
Total Mass of Aggregate (A + B) 3091

4 a 4
ATHRUINA N5 HAaNMINATOU Elongation index Y9341 UV 0AN (Bin 3)

. . Gage Mass of Aggregate (g) Elongation
Sieve Size
Length Retained Passing Total Index
(mm) (in) (mm) (in) C D C+D %

63.50-50.80 (21/2-2) 102.87 (4.050) = = -
50.80-38.10 (2-11/2) 80.01 (3.150) = - -
38.10-2540 (11/2-1) 57.15 (2.250) = - -
25.40-19.05 (1-3/4) 40.01 (1.575) - - -

19.05-12.70  (3/4-1/2) 28.58 (1.125) 263 1241 1504
12.70 - 9.52 (1/2-3/8) 20.02 (0.788) 146 779 925
9.52-4.76 (3/8 - #4) 12.85 (0.506) 137 525 662
Total 546 2545 3091 = 18%
Total Mass of Retained 4
El= x100 = LXIO(): 546

x100=17.7%
Total Mass of Aggregate (C+D) 3091
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4 a 14
Vni%?ﬂu']ﬂﬁ 16 WAaN1INATOU Flakiness index UDIHUULFDAN (Bin 4)

. . Width of Mass of Aggregate (g) Flakiness
Sieve Size
Slot Sieve Retained Passing Total Index
(mm) (in) (mm) (in) A B A+B %

63.50-50.80 (21/2-2) 34.29 (1.350) - - -
50.80-38.10 (2-11/2) 26.67 (1.050) - - -
38.10-2540 (11/2-1) 19.05 (0.750) - - -
25.40 - 19.05 (1-3/4) 13.34 (0.525) - - -

19.05-12.70  (3/4-1/2) 9.53 (0.375) 4163 590 4753
12.70 - 9.52 (172 -3/8) 6.68 (0.263) 340 48 388
9.52-4.76 (3/8 - #4) 4.29 (0.169) 34 1 35
Total 4537 639 5176 = 12%
1 = Total Mass of Passing Slot Sieve _ B <100 = ﬁ «100 =12.3%
Total Mass of Aggregate (4+B) 5176

H a 4
MSHUINN N7 WANITNAT DL Elongation index Y931 UVLH0AN (Bin 4)

. . Gage Mass of Aggregate (g) Elongation
Sieve Size
Length Retained Passing Total Index
(mm) (in) (mm) (in) C D C+D %

63.50-50.80 (21/2-2) 102.87 (4.050) - = -
50.80-38.10 (2-11/2) 80.01 (3.150) T - -
38.10-25.40 (11/2-1) 57.15 (2.250) = - -
25.40-19.05 (1-3/4) 40.01 (1.575) - s -

19.05-12.70  (3/4-1/2) 28.58 (1.125) 514 4239 4753
12.70 - 9.52 (1/2-3/8) 20.02 (0.788) 124 264 388
9.52-4.76 (3/8 -#4) 12.85 (0.506) 25 10 35
Total 663 4513 5176 = 13%
Total Mass of Retained C 663
El= x100 =

———x100=—+x100=12.8%
Total Mass of Aggregate (C+D) 5176



v a o
M319W8HINT N8 HaNIINAFDL Specific gravity and absorption of coarse aggregate UDIHUULEDAN (Bin2, Bin 3 (1A Bin 4)

Mass of sample GB GA %ABS
SAMPLE In Oven-Dry In SSD Immersed 4 4 (B-4) %100
B-C A-C
Condition (A) Condition (B ) in Water (C) ( ) ( )
No.1 899.8 927.5 5923 2.684 2.926 3.08
™
-E No.2 897.9 926.4 592.7 2.691 2.942 3.17
No.3 898.5 927.6 593.0 2.685 2.941 3.24
Average Total 2696.2 2781.5 1778.0 2.687 2.936 3.16
No.1 957.1 985.0 630.3 2.698 2.929 2.92
on
-E No.2 958.3 987.1 631.1 2.692 2.929 3.01
No.3 956.3 985.4 629.7 2.689 2.928 3.04
Average Total 2871.7 2957.5 1891.1 2.693 2.929 2.99
No.1 1112.4 1145.2 731.1 2.686 2917 2.95
<
E No.2 1112.8 11454 7323 2.694 2.925 293
No.3 1113.2 1146.4 732.1 2.687 2.921 2.98
Average Total 3338.4 3437.0 2195.5 2.689 2.921 2.95

€01



H a 4
MINHUINA N9 HAaMTNATOU Specific gravity test YUDd4HUUL¥DAN (Retained #200)

104

Determination No. 1 2 3
Mass Pycnometer + SSD Sample g 678.2 678.2 678.2
Mass Pycnometer g 159.8 159.8 159.8
Mass SSD Sample (A) g 5184 518.4 518.4
Mass Container + Dry Sample g 748.4 748.4 748.4
Mass Container g 246.1 246.1 246.1
Mass Dry Sample (B) g 502.3 502.3 502.3
temperature (t) °C 45 40 35
Density of Water (dt) g/ml 0.9902 0.9922 0.9941
Mass Pycnometer + Water + Sample (W1) g 986.9 987.1 987.7
Mass Pycnometer + Water (W2) g 655.2 656.1 657.0
Apparent Specific Gravity
B*dt
G CY =iy —e 2915 2.909 2.909
(B+W2-W1)
GA *dt
GAQB0°C)=—n 2.899 2.899 2.904
0.9957
Bulk Specific Gravity (Oven-Dry Basis)
B*dt
GB(t°C) = ———— 2.664 2.659 2.660
(A+W2-W1)
GB*dt
GB(30°C) = ———— 2.649 2.650 2.655
0.9957

Average GA (30°C) =2.901
Average GB (30°C) = 2.651

%water Absorption = (4-B) %100 = 3.21
B



H a 4
MTHUINA P10 HaNMTNAToU Specific gravity test UD4HUULHDAN (Passing #200)

105

Determination No. 1 2 3
Mass Pycnometer + SSD Sample (g) -
Mass Pycnometer (2) -
Mass SSD Sample (A) (2) -
Mass Container + Dry Sample (g) 536.1 536.1 536.1
Mass Container (2) 219.2 219.2 219.2
Mass Dry Sample (B) (2) 316.9 316.9 316.9
temperature (t) (2) 45 40 35
Density of Water (dt) (2) 0.9902 0.9922 0.9941
Mass Pycnometer + Water + Sample (W1) (2) 864.4 865.3 866.0
Mass Pycnometer + Water (W2) (2) 655.2 656.1 657.0
Apparent Specific Gravity
GA(°C) = LAl 2.941 2.920 2.920
(B+W2-WI)
*
GAB0°C) = ;}395(3 2.898 2.910 2915

Average GA (30°C) = 2.908

100
Total GB =
(%Retained #200/GBRetained #200) + (%Passing #200/GAPassing #200)
Total GB = 100 =2.683
(86.7/2.65 1) +(13.3/2.90 8)
100
Total GA =

(%Retained #200/GARetained #200) + (%Passing #200/GAPassing #200)

100

Total GA = =
(86.7/2.90 1) +(13.3/2.90 8)

2.902
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4 a 4
minwmnﬁ A1l WANITINATDU Sand equivalent test UDIHUUSHEDAN

Sand Reading <100

Sample Sand Clay Sand Equivalent % = oy Road
No. Reading Reading ay Reading
! 3.2 4.5 71.1 72 %
2 3.3 4.6 1.7~ 72 %
3 32 4.5 TL1~T2%
average 72 %

MIWHINT 112 WANISNATO Abrasion test of coarse aggregate by Los Angeles Machine

Sieve Size

Accumulative

Passing
3/4"
12"
Original Mass of Sample (W1)
Final Mass of Sample (W2)

Loss (W1 - W2)

Percentage of Wear =

Wi

(W1-W2)x100

Retained on Mass of Sample, (g)

12" 2500.1
3/8" 2500.0
5000.1
4086.1

914.0

18.3




v a 4
MINNHINT N13 HANISNATOU Soundness test of aggregate (Coarse Aggregate) UDIHUUTHDAN

Retained of Mass of Test Mass of Test Actual Actual % Weighted
Sieve Size Original Fraction Loss Loss % Loss
Sample
(%)
(4)x100 (MHx(®)
(mm) (1) 5= 6)=

() 100
19.0-9.5 62.3 0.3 0.2
9.5-4.5 36.5 4.6 1.7
Minus 4.75 1.0 4.6 0.0
1.9

' d@”"

Wt AUeId Ui liAINU (Loss) Honaapen1uisnsnaaed oundness) YBINIATIY

TaglFasazare Ts@eusamaiiuiu 5 sou hinudosaz 9

rd L4
FulUT Mo TneIRumensaIgs

LOT
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MINNHINT 114 WANISNATOU Soundness test of aggregate (Fine Aggregate) UDIVUULEDAN

Retained of Mass of Test Mass of Test Actual Actual % Weighted
Sieve Size Original Fraction Fraction Loss Loss % Loss
Sample
(%)
(4)x100 (MHx(®)
(mm) (1) ’)= (6)=
(2) 100
9.5-4.25

4.75-2.36 21.8 6.6 14
2.36-1.18 20.8 2.1 0.4
1.18-0.60 15.3 4.1 0.6
0.60-0.30 11.7 22 0.3
Minus 0.30 30.4 22 0.7
Total % Loss 34

' ' fufivd woTverdomsasaitns
Wnemg A1 U AN (Loss) 0NAADIAINATNITNAROIHIAIAUAINY (Soundness) YBINIATIY

Tagldarsazane TsRendamasiuiu 5 sou linudesas 9

801



v a d
MINNHINT N15 WaNISNATOD Uncompacted void content of Fine aggregate U9INUUHOAN

Mass of cylinder

Mass of cylinder + water

Net mass of water

Temperature

Density of water at temperature used

Volume of cylinder

273.9
373.9
100
28
996.3
100.4

gQ 09 09

@]

kg/m3

ml

ve o

Mass of cylinder + ass of e "

Uncompacted Voids in the

. )/ & 3 7, material
Sample linder DT LNE 11E) (Wity of cofrse Average
Sample Trial v \ : V — (F/G)
(2 (g@) gal U=——-%10
‘VY
% %
1 418.4 45.2
Bin 1 2 418.2 453 452
3 418.5 273.9 144.6 45.2

rd L4
FulUT Mo TneIRumensaIgs

HNETIA f Uncompacted Voids in the material laivioenin 45 %

601
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MINNHINT D16 WanNsNaAael Determining Fractured Particles in Coarse aggregate YB3V UULHEDAN (Bin 2)

Total Uncrushed particles Particles with 1 crushed face Particles with = 2 crushed faces Crushed Particles
Sample
Weight (g) Weight (g) (%) Weight (g) (%) Weight (g) (%) (%)
1 502.5 0 0 502.5 100.0
2 507.2 0 507.2 100.0 100.0
3 513.7 0 13.7 100.0
MINNUINA P17 WaNITNATOU Determining Fractufed Pa ¥ q (Bin 3)
Total Uncrushed partk\s ; p o lyicles with = 2 crushed faces Crushed Particles
Sample =
Weight (g) Weight (g) (% i &@ / Weight (g) (%) (%)
1 508.1 0 0 0 508.1 100.0
2 5153 0 0 0 0 5153 100.0 100.0

FuRUT MOTIRUMUaSATSS
3 518.2 0 0 0 0 518.2 100.0

011



v a J
MINNHINT N18_HAaNISNATOD Determining Fractured Particles in Coarse aggregate UDIHUULEDAN (Bin 4)

Total Uncrushed particles Particles with 1 crushed face Particles with = 2 crushed faces Crushed Particles
Sample
Weight (g) Weight (g) Weight (g) (%) (%)
1 1505.5 0 1505.5 100.0
2 1513.7 0 1513.7 100.0 100.0
3 1515.2 0 1515.2 100.0

N
/ﬂ”ﬂllLlUuLLa$ﬂ313\lﬂnﬁllE]\1E]1§ﬂ1ﬂ

. . [ 4
Retained (g)  PasNag (2) ‘V.}émmuuazmmﬂn HannNun

2y . £
Bin 2 81.6 9274 « fao \gd_@’ 8.00

Bin 3 72.6 1927.4 2000 3.63 ga 10%

2

Bin 4 59.0 1941.0 ., 2000 2.95

RURT RO TROTTEETSF e

IT1
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MINWUINT P20 MIMIAMANUANIUNLTINGURAGIA (G ) 819%HA 40/50 (6.34 %)

Description Unit 1
% AC by Mass of Aggregate % 6.34
% AC by Mass of Total Mix X % 5.96
Mass of Flask in Water (A) gm. 735.2
Mass of Flask in Air (B) gm. 4258.0
Mass of Flask + Sample in Air C gm. 5622.7
Mass of Sample in Air (D) gm. 1364.7
Mass of Flask + Sample in Water (E) gm. 1547.9
Theoretical Maximum Specific Gravity 2472
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.472
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)
Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag) % P8
MINWUINT P21 MINIAMANNANIUMNZIFINGBRAGIA (G ) 819%1A 40/50 (5.03%)
Description Unit 1
% AC by Mass of Aggregate % 5.03
% AC by Mass of Total Mix X % 4.79
Mass of Flask in Water (A) gm. 732.5
Mass of Flask in Air (B) gm. 4274.7
Mass of Flask + Sample in Air C gm. 5603.4
Mass of Sample in Air (D) gm. 1355.7
Mass of Flask + Sample in Water (BE) gm. 1549.8
Theoretical Maximum Specific Gravity ) 518
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.518
Virtual Specific Gravity 2719
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)
% 0.44

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




113

MINWUINT P22 MINIMANUANIUNLTINGURAGIA (G ) 819%HA 40/50 (5.53 %)

Description Unit 1
% AC by Mass of Aggregate % 5.53
% AC by Mass of Total Mix X % 5.24
Mass of Flask in Water (A) gm. 732.5
Mass of Flask in Air (B) gm. 4247.7
Mass of Flask + Sample in Air C gm. 5568.4
Mass of Sample in Air (D) gm. 1320.7
Mass of Flask + Sample in Water (BE) gm. 1524.9
Theoretical Maximum Specific Gravity 2500
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.500
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) . A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINWUINT 123 MINIMANNANIUNZIFINGBRAGIAA (G ) 819¥1A 40/50 (6.03 %)

U q

Description Unit 1

% AC by Mass of Aggregate % 6.03
% AC by Mass of Total Mix X) % 5.69
Mass of Flask in Water (A) gm. 732.5
Mass of Flask in Air (B) gm. 4247.7
Mass of Flask + Sample in Air C gm. 5572.1
Mass of Sample in Air (D) gm. 1324.4
Mass of Flask + Sample in Water (E) gm. 1523.4
Theoretical Maximum Specific Gravity 2 480
Gm = D/(A+D-E)

Average Theoretical Maximum Specific Gravity 2.482
Virtual Specific Gravity 2717
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) v 0.42

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




MINWUINT P24 MIMIAMANNANIUNZIFINGBRAGITA (G

114

) 819%11A 40/50 (6.53 %)

Description Unit 1
% AC by Mass of Aggregate % 6.53
% AC by Mass of Total Mix Xx) % 6.13
Mass of Flask in Water (A) gm. 732.5
Mass of Flask in Air (B) gm. 4247.7
Mass of Flask + Sample in Air C gm. 5572.2
Mass of Sample in Air (D) gm. 1327.5
Mass of Flask + Sample in Water (E) gm. 1521.7
Theoretical Maximum Specific Gravity ) 466
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.466
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) . A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINWUINA 125 MIHIAIANNANIUNZITINGBRAGITA (G

) 813%1A 60/70 (6.34 %)

Description Unit 1

% AC by Mass of Aggregate % 6.34
% AC by Mass of Total Mix x) % 5.96
Mass of Flask in Water (A) gm. 735.5
Mass of Flask in Air (B) gm. 4248.6
Mass of Flask + Sample in Air C gm. 5613.8
Mass of Sample in Air (D) gm. 1365.2
Mass of Flask + Sample in Water (E) gm. 1548.7
Theoretical Maximum Specific Gravity 2 473
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.473
Virtual Specific Gravity 2719
Gv =(100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)

% 0.44

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




MINWUINT 126 MIHIAMANNANIUMNZIFINGBRAGITA (G
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) 019%1A 60/70 (5.25 %)

Description Unit 1
% AC by Mass of Aggregate % 5.25
% AC by Mass of Total Mix X % 4.99
Mass of Flask in Water (A) gm. 733.3
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5602.1
Mass of Sample in Air (D) gm. 1349.5
Mass of Flask + Sample in Water (E) gm. 1544.9
Theoretical Maximum Specific Gravity 2509
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.509
Virtual Specific Gravity 2717
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) o A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINWUINA 127 MIHIAIANNANIUNZITINGBRAGITA (G

) 813%1A 60/70 (5.75 %)

Description Unit 1

% AC by Mass of Aggregate % 5.75
% AC by Mass of Total Mix x) % 5.44
Mass of Flask in Water (A) gm. 7333
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5618.2
Mass of Sample in Air (D) gm. 1365.6
Mass of Flask + Sample in Water (E) gm. 1550.8
Theoretical Maximum Specific Gravity 2492
Gm =D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.492
Virtual Specific Gravity 2717
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)

% 0.42

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




MINWUINT P28 MIMIAANNANIUMNZIFINGBRAGIAA (G
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) 819%1A 60/70 (6.25 %)

Description Unit 1
% AC by Mass of Aggregate % 6.25
% AC by Mass of Total Mix X % 5.88
Mass of Flask in Water (A) gm. 733.3
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5617.4
Mass of Sample in Air (D) gm. 1368.8
Mass of Flask + Sample in Water (E) gm. 1546.9
Theoretical Maximum Specific Gravity 2476
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.476
Virtual Specific Gravity 2719
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) o A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINHUING D29 MIHIAIANNANIUNZITINGBRAGITA (G

) 813%1A 60/70 (6.75 %)

Description Unit 1

% AC by Mass of Aggregate % 6.75
% AC by Mass of Total Mix x) % 6.32
Mass of Flask in Water (A) gm. 7333
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5615.1
Mass of Sample in Air (D) gm. 1362.5
Mass of Flask + Sample in Water (E) gm. 1541.6
Theoretical Maximum Specific Gravity 2 458
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.458
Virtual Specific Gravity 2717
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)

% 0.42

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




MINWUINT N30 MIMIAANNANIUNZIFINGBRAGITA (G
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) 819%1A 60/70 (5.5 %)

Description Unit 1
% AC by Mass of Aggregate % 5.5
% AC by Mass of Total Mix X) % 5.21
Mass of Flask in Water (A) gm. 735.2
Mass of Flask in Air (B) gm. 4250.8
Mass of Flask + Sample in Air C gm. 5479.5
Mass of Sample in Air (D) gm. 1228.7
Mass of Flask + Sample in Water (E) gm. 1472.6
Theoretical Maximum Specific Gravity 2501
Gm =D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.501
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) 0 A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINWUINT P31 MIHNIMANNANIUNZIFINGBRAGIAA (G

U q

) 813%1A PMA (6.34 %)

Description Unit 1
% AC by Mass of Aggregate % 6.34
% AC by Mass of Total Mix X % 5.96
Mass of Flask in Water (A) gm. 735.5
Mass of Flask in Air (B) gm. 4248.6
Mass of Flask + Sample in Air C gm. 5612.6
Mass of Sample in Air (D) gm. 1364.0
Mass of Flask + Sample in Water (E) gm. 1547.8
Theoretical Maximum Specific Gravity 2472
Gm =D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.472
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) " 043

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)




MINWUINT P32 MIHNIMANUANIUMNZIFINGURAGIAA (G ) 819%1IA PMA (5.03 %)
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Description Unit 1
% AC by Mass of Aggregate % 5.03
% AC by Mass of Total Mix X % 4.79
Mass of Flask in Water (A) gm. 733.3
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5592.2
Mass of Sample in Air (D) gm. 1339.6
Mass of Flask + Sample in Water (E) gm. 1540.6
Theoretical Maximum Specific Gravity 2517
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.517
Virtual Specific Gravity 2717
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) o A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MINHHINA N33 MIHIAIANNANIUNZITINGBRAGIAA (G ) 819%1IA PMA (5.53 %)

Description Unit 1

% AC by Mass of Aggregate % 5.53

% AC by Mass of Total Mix x) % 5.24
Mass of Flask in Water (A) gm. 7333
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5602.5
Mass of Sample in Air (D) gm. 1349.9
Mass of Flask + Sample in Water (E) gm. 1543.2
Theoretical Maximum Specific Gravity 2 500
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.500
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac)

% 0.43

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)
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MINWUINT N34 MINIAMANUANIUNLFINGURAGILA (G ) 819%1iA PMA (6.03 %)

Description Unit 1
% AC by Mass of Aggregate % 6.03
% AC by Mass of Total Mix X % 5.69
Mass of Flask in Water (A) gm. 733.3
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5595.5
Mass of Sample in Air (D) gm. 1342.9
Mass of Flask + Sample in Water (E) gm. 15353
Theoretical Maximum Specific Gravity 2483
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.483
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) o A

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)

MIWAUING 135 NMINIAINNUA W UNISFINBYAIGIFA (G

o) ONFUA PMA (6.53 %)

Description Unit 1
% AC by Mass of Aggregate % 6.53
% AC by Mass of Total Mix X) % 6.13
Mass of Flask in Water (A) gm. 733.3
Mass of Flask in Air (B) gm. 4252.6
Mass of Flask + Sample in Air C gm. 5592.7
Mass of Sample in Air (D) gm. 1340.1
Mass of Flask + Sample in Water (E) gm. 1530.0
Theoretical Maximum Specific Gravity 2 466
Gm = D/(A+D-E)
Average Theoretical Maximum Specific Gravity 2.466
Virtual Specific Gravity 2718
Gv = (100-X)/((100/Gm)-(X/Gac))
Bulk Specific Gravity of Mix Aggregate (Gag) 2.687
Specific Gravity of Asphalt Cement (Gac) 1.02
Asphalt Absorption (Aac) v 0.43

Aac = (100 * (Gv - Gag)*Gac) / (Gv * Gag)
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Sample 1 2 3 4 5 6
Diameter,mm D 99.93 99.84 99.92 99.91 99.95 99.77
Thickness, mm t 75.46 73.70 73.87 74.07 74.41 74.27
Dry mass, g A 1228.2 1228.9 1229.9 1228.6 1232.1 1231.1
SSD mass, g B 1239.5 1241.3 1239.9 1239.3 1241.6 1242.8
Mass in Water, g C 714.3 713.4 713.8 712.7 713.4 713.4
Volume, cc (B-C) E 525.2 527.9 526.1 526.6 528.2 529.4
Bulk Sp Gravity (A/E) F 2.339 2.328 2.338 2.333 2.333 2.325
Max Sp Gravity G 2.500 2.500 2.500 2.500 2.500 2.500
% Air Voids (100(G-F)/G) H 6.5 6.9 6.5 6.7 6.7 7.0
Vol Air Voids (HE/100) I 33.9 36.3 34.1 35.1 353 36.9
Load,N P - y - 10065 10803 10354

Conditioned

SSD mass, g B' 1253.4 1255.4 1255.7 = . -
Mass in Water, g C' 722.4 723.0 7253 - - -
Volume, cc (B'-C") E' 531.0 5324 530.4 3 - -
Vol Abs Water, cc (B'-A) T 252 26.5 25.8 - - -
% Saturation (100J'/1) 74.3 73.0 75.6 - - -
% Swell (100(E-E)/E) 1.1 0.9 0.8 2 - -
Load, KN P' 9484 9720 9441 - - -
Dry Str. (2000P/(tDp)) Std - - = 866 925 890
Wet Str. (2000P'/(tDp)) Stm 801 841 814 = - ;

Average Dry Strength (kPa)
Average Wet Strength (kPa)

Tensile Strength Ratio, %

893
819
91.6
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Sample 1 2 3 4 5 6
Diameter,mm D 100.0 100.2 100.1 100.1 100.0 100.2
Thickness, mm t 68.1 68.8 68.8 68.7 68.1 68.8
Dry mass, g A 1229.3 12329  1230.6 1230.7 1225.8 1228.0
SSD mass, g B 1241.1 12445  1243.6 1243.9 1239.0 1240.4
Mass in Water, g C 711.8 712.1 713.5 714.1 711.2 711.1
Volume, cc (B-C) E 529.3 5234 530.1 529.8 527.8 529.3
Bulk Sp Gravity (A/E) F 2.323 2.316 2.321 2.323 2322 2.320
Max Sp Gravity G 2.501 2.501 2.501 2.501 2.501 2.501
% Air Voids (100(G-F)/G) H 7.1 7.4 7.2 A 7.1 7.2
Vol Air Voids (HE/100) I 37.8 39.4 38.1 37.7 37.7 383
Load, N P C - - 9426 8885 8926
Conditioned
SSD mass, g B' 1257.2 1261.5  1259.2 7 ] -
Mass in Water, g C' 7232 724.9 724.8 & 3 -
Volume, cc (B'-C') E' 534.0 536.6 534.4 - - -
Vol Abs Water, cc (B'-A) T 27.9 28.6 28.6 e - -
% Saturation (100J'/1) 73.9 72.5 75.2 5 \ -
% Swell (100(E-E)/E) 0.9 0.8 0.8 - - ;
Load, N P' 8299 8171 8376 - - -
Dry Str. (2000P/(tDp)) Std 7 - - 873 830 824
Wet Str. (2000P'/(tDp)) Stm 775 754 774 - i -

Average Dry Strength (kPa)
Average Wet Strength (kPa)

Tensile Strength Ratio, %
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Sample 1 2 3 4 5 6

Diameter,mm D 100.1 100.1 100.0 100.2 100.1 100.1
Thickness, mm t 68.2 68.8 68.4 68.7 69.7 68.7
Dry mass, g A 1233.2 1234.2 1229.8 1228.5 1229.7 1229.9
SSD mass, g B 1246.3 1247.7 12414 1241.8 1242.1 1242.8
Mass in Water, g C 714.8 714.9 710.8 713.2 712.0 7123
Volume, cc (B-C) E 531.5 532.8 530.6 528.6 530.1 530.5
Bulk Sp Gravity (A/E) F 2.320 2.316 2.318 2.324 2.320 2318
Max Sp Gravity G 2.500 2.500 2.500 2.500 2.500 2.500
% Air Voids (100(G-F)/G) H 7.2 7.3 7.3 7.0 7.2 7.3
Vol Air Voids (HE/100) I 38.2 39.1 38.7 37.2 38.2 38.5
Load, N P & = - 10211 10614 10337

Conditioned
SSD mass, g B' 1261.3 1262.6 1257.2 7 = -
Mass in Water, g C 724.6 2SS 722.4 = = -
Volume, cc (B'-C") E' 536.7 5374 534.8 - ; -
Vol Abs Water, cc (B'-A) T 28.1 28.4 27.4 - - -
% Saturation (100J'/T) 73.5 72.6 70.8 = 4 -
% Swell (100(E'-E)/E) 1.0 0.9 0.8 = - =
Load,N P' 9632 9449 9496 - - -
Dry Str. (2000P/(tDp)) Std < - - 945 968 957
Wet Str. (2000P'/(tDp)) Stm 899 874 883 - py -
Average Dry Strength (kPa) 957
Average Wet Strength (kPa) 885
Tensile Strength Ratio, % 92.5




MINEUINN 139 WAN1TINATDU Marshall GUE]\‘lEJNLL?JﬁWaGTﬂfﬁﬂ 40/50

Mix proportion Hot Bin 1:2:3:4 = 40:18:20:22
Avg. Sp.Gr.of Agg. And Filler (Gag) = 2.687

Compaction , number of blows each end = 75

Pen. Grade AC. 40/ 50

Sp. Gr. Of AC (Gac) =1.02

Asphalt Absorption (x) = 0.43 %

123

No. of Specimen 1 2 3
% Ac by Mass of Agg (a) 5.50
% Ac by Mass of Mix (b) 5.21
%Eff Ac by Mass of Mix (¢) = b-x(10-b)/100 4.81

Specimen Height (cm) (d) 6.6 6.7 6.6
Density
Mass in Air gm. (e) 1214.2 1218.7 1212.1
Mass Sat. Surface Dry gm. ® 1217.7 1222.0 1215.6
Mass in water gm. (2) 710.7 713.4 710.5
Bulk Volume gm. (h)=fg 507.0 508.6 505.1
Bulk Density gm./ml. (i)=e/h 2.395 2.396 2.400
Average Density 2.397
VOIDS ANALYSIS
Volume AC % Total (G) =c*i/Gac 11.3 11.3 114
Volume Agg % Total (k) =(100-b)*i/Gag 84.5 84.7 85.0
VMA % (D =100k 15.5 15.3 15.0
Air Voids % (m)=1 4.2 4.0 3.6
VFB % (n) =100%j/1 72.9 73.9 76
Stability
Meas Ib 4230 4074 3959
Adjust Ib 3979 3734 3677
Average Stability Ib 3797
Flow
Meas in( 1/100) 15 14 14
Average Flows in( 1/100) 14




MINEUINN 140 WAN1TINATOU Marshall GUE]\‘lEJNLL?JﬁWaGTﬂfﬁﬂ 60/70

Mix proportion Hot Bin 1:2:3:4 = 40:18:20:22
Avg. Sp.Gr.of Agg. And Filler (Gag) = 2.687

Compaction , number of blows each end = 75

Pen. Grade AC. 60/70
Sp. Gr. Of AC (Gac) =1.02
Asphalt Absorption (x) = 0.43 %

124

No. of Specimen 1 2 3
% Ac by Mass of Agg (a) 5.50
% Ac by Mass of Mix (b) 5.21
%Eff Ac by Mass of Mix (¢) = b-x(10-b)/100 4.81
Specimen Height (cm) (d) 6.43 6.45 6.45

Density

Mass in Air gm. (e) 1227.9 1221.9 1226.4
Mass Sat. Surface Dry gm. ® 1229.7 1224.0 1227.1
Mass in water gm. (2) 714.9 712.7 714.9
Bulk Volume gm. (h)=1f-g 514.8 511.3 512.2
Bulk Density gm./ml. (i)=e/h 2.385 2.390 2.394
Average Density 2.390
VOIDS ANALYSIS
Volume AC % Total (G) =c*i/Gac 11.2 11.3 11.3
Volume Agg % Total (k) =(100-b)*i/Gag 84.1 84.3 84.5
VMA % (D =100k 15.9 15.7 15.5
Air Voids % (m) =1+ 4.7 4.4 42
VFB % (n) =100%j/1 70.4 72.0 73.0
Stability
Meas Ib 3056 3086 2952
Adjust Ib 2995 3024 2893
Average Stability Ib 2971
Flow
Meas in( 1/100) 12 13 12
Average Flows in( 1/100) 13
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Mix proportion Hot Bin 1:2:3:4 = 40:18:20:228 Pen. Grade PMA
Avg. Sp.Gr.of Agg. And Filler (Gag) =2.687 Sp. Gr. Of AC (Gac) =1.02
Compaction , number of blows each end = 75 Asphalt Absorption (x) = 0.43 %
No. of Specimen 1 2 3
% Ac by Mass of Agg (a) 5.50
% Ac by Mass of Mix (b) 5.21
%Eff Ac by Mass of Mix (¢) = b-x(10-b)/100 481
Specimen Height (cm) (d) 6.42 6.45 6.43
Density
Mass in Air gm. (e) 1227.3 1227.4 1221.7
Mass Sat. Surface Dry gm. €3] 1228.3 1229.8 1224.0
Mass in water gm. (2) 719.1 719.5 716.6
Bulk Volume gm. (h)=f-g 509.2 510.3 507.4
Bulk Density gm./ml. (1)=¢e/h 2.410 2.405 2.408
Average Density 2.408
VOIDS ANALYSIS
Volume AC % Total () =c*/Gac 11.4 11.3 11.4
Volume Agg % Total (k) =(100-b)*i/Gag 85.0 84.8 84.9
VMA % (1 =100-k 15.0 15.2 15.1
Air Voids % (m)=14 3.6 3.9 3.7
VFB % (n) =100%j/1 76.0 74.3 75.5
Stability
Meas b 3638 3809 3627
Adjust 1b 3565 3732 3555
Average Stability Ib 3617
Flow
Meas in( 1/100) 15 15 15

Average Flows in( 1/100) 15
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Mix proportion Hot Bin 1:2:3:4 = 40:18:20:22
Average. Sp.of Gr. Aggregate and Filler (Gag) = 2.687

Compaction , Double Plungers 20.7 MPa (3000 psi)

Pen. Grade AC 40/50

Sp. Gr. Of AC (Gac) = 1.02

Asphalt Absorption = 0.43 %

Soaked Sample Unsoaked Sample
No. of Specimen
1 2 3 4 1 2 3 4
% Ac by Mass of Aggregate (a) 5.50 5.50
% Ac by Mass of Mix (b) 5.21 5.21
%Effect Ac by Mass of Mix (c) = b-x(10-b)/100 4.81 4.81
Specimen Height (cm) (d) 6.56 6.63 6.55 6.68 6.59 6.71 6.55 6.63
Density
Mass in Air gm. (e) 12293  1226.8 1220.9 1223.6 12269 1228.6 12224 1224.5
Mass Sat. Surface Dry gm. (63)] 1240.5 1243.4 1233.1 12359 12384 12414 1235.1 12398
Mass in water gm. (2) 711.2 713.2 706.3 707.3 7069 7113 707.6 711.1
Bulk Volume gm. (h)=fg 5293 5302 526.8 528.6 531.5 5301 5275 528.7
Bulk Density gm./ml. (1)=¢eh 2323 2314 2.318 2.315 2308 2318 2317 2.316
Average Density 2318 2315

9¢l



MSWUINT 42 (19)

Soaked Sample Unsoaked Sample
No. of Specimen
1 2 3 4 1 2 3 4
VOIDS ANALYSIS
Volume AC % Total (G) =c*i/Gac 11.0 10.9 10.9 10.9 10.9 10.9 10.9 10.9
Volume Aggregate % Total (k) =(100-b)*i/Gag 81.9 81.6 81.8 81.7 81.4 81.8 81.7 81.7
VMA % (1) =100-k 18.1 18.4 18.2 18.3 18.6 18.2 18.3 18.3
Air Voids % (m) =1+ 7.1 7.5 7.3 7.4 7.7 7.3 7.4 7.4
VFB % (n) =100%j/1 60.8 59.2 59.9 59.6 58.6 59.9 59.6 59.6
Stability
Meas b 7155 7168 6747 7133 8055 8536 8232 7901
Adjust b 6797 6738 6275 6705 7491 7854 7655 7348
Average Stability Ib 6629 7587
Flow
Meas in( 1/100) 40 42 43 42 28 28 29 29
Average Flows in( 1/100) 42 29
Soaked Stability *100 6,629x100
Strength Index (%) = = = 87.4 %
Unsoaked Stability 7,587

LTl



Y J a
ﬂTﬂ\‘iN‘M’Jﬂﬁ 143 NANITNATDY Strength Index voseuealanxila 60/70

Mix proportion Hot Bin 1:2:3:4 = 40:18:20:22

Average. Sp.of Gr. Aggregate and Filler (Gag) = 2.687

Compaction , Double Plungers 20.7 MPa (3000 psi)

Pen. Grade AC 60/70

Sp. Gr. Of AC (Gac) = 1.02

Asphalt Absorption = 0.43 %

Soaked Sample Unsoaked Sample
No. of Specimen
1 2 3 4 1 2 3 4
% Ac by Mass of Aggregate (a) 5.50 5.50
% Ac by Mass of Mix b) 5.21 5.21
%Effect Ac by Mass of Mix (c) = b-x(10-b)/100 4.81 4.81
Specimen Height (cm) (d) 6.44 6.46 6.51 6.49 6.51 6.55 6.51 6.52
Density
Mass in Air gm. (e) 1265.0 1257.6 12634 1264.7 1263.6 12654 1266.7 12584
Mass Sat. Surface Dry gm. ) 1272.9 1267.8 1276.7 1271.6 12684 1268.6 1271.7 1268.5
Mass in water gm. (2) 728.8 726.0 723.7 728.2 7242 7237 7268 727.4
Bulk Volume gm. (h)="fg 5441  541.8 544.0 543.4 5442 5449 5449 541.1
Bulk Density gm./ml. (1) =¢eh 2325 2321 2322 2.327 2.322 2322 2325 2326
Average Density 2.324 2.324

8C1



MSWUINN N43 (71D)

Soaked Sample Unsoaked Sample
No. of Specimen

1 2 3 4 1 2 3 4
VOIDS ANALYSIS
Volume AC % Total () =c*i/Gac 11.0 10.9 11.0 11.0 10.9 11.0 11.0 11.0
Volume Aggregate % Total (k) =(100-b)*i/Gag 82.0 81.9 81.9 82.1 81.9 81.9 82.0 82.0
VMA % (D =100k 18.0 18.1 18.1 17.9 18.1 18.1 18.0 18.0
Air Voids % (m) =1+ 7.0 7.2 7.1 6.9 7.1 7.1 7.0 7.0
VFB % (n) =100%j/1 61.0 604 60.6 61.3 60.5  60.6  60.9 61.1
Stability
Meas b 5602 5342 6315 6510 6726 7288 6943 6748
Adjust b 5322 5021 5873 6120 6255 6705 6457 6276
Average Stability Ib 5584 6423
Flow
Meas in( 1/100) 37 42 40 42 27 27 27 29
Average Flows in( 1/100) 40 28

Soaked Stability *100 5,584x100
Strength Index (%) = = = 86.9 %
Unsoaked Stability 6,423

6¢Cl



Y J a
ﬂTﬂ\‘iN‘M’Jﬂﬁ N44 NANITNATDY Strength Index voseealanyila PMA

Mix proportion Hot Bin 1:2:3:4 = 40:18:20:22
Average. Sp.of Gr. Aggregate and Filler (Gag) = 2.687

Compaction , Double Plungers 20.7 MPa (3000 psi)

Pen. Grade PMA
Sp. Gr. Of AC (Gac) = 1.02

Asphalt Absorption = 0.43 %

Soaked Sample Unsoaked Sample
No. of Specimen
1 2 3 4 1 2 3 4
% Ac by Mass of Aggregate (a) 5.50 5.50
% Ac by Mass of Mix (b) <2 5.21
%Effect Ac by Mass of Mix (c) = b-x(10-b)/100 481 481
Specimen Height (cm) (d) 6.51 6.55 6.54 6.60 6.53 6.53 6.52 6.52
Density
Mass in Air gm. (e) 1263.7 12649 12672 12654 12663 1266.1 12633  1267.8
Mass Sat. Surface Dry gm. (63)] 1267.9 1268.6  1272.1 12699  1269.6 12704 1267.7 12714
Mass in water gm. (2) 7239 7242 727.2 7253 7255 7256  723.8 726.0
Bulk Volume gm. (h)="f-g 5440 5444 544.9 544.6 544.1 5448 5439 545.4
Bulk Density gm./ml. (i)=¢e/h 2323 2323 2.326 2.324 2327 2324 2323 2.325
Average Density 2.324 2.325

0¢l



MSHUINN N4 (71D)

No. of Specimen Soaked Sample Unsoaked Sample
1 2 1 2 1 2 1 2
VOIDS ANALYSIS
Volume AC % Total  (j) =c*i/Gac 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Volume Aggregate % Total (k) =(100-b)*i/Gag 81.9 82.0 82.0 82.0 82.1 82.0 81.9 82.0
VMA % ) =100-k 18.1 18.0 18.0 18.0 17.9 18.0 18.1 18.0
Air Voids % (m)=1 7.1 7.1 7.0 7.1 6.9 7.1 7.1 7.0
VFB % (n) =100%j/1 60.7 60.8 61.1 60.8 61.3 60.8 60.6 60.9
Stability
Meas b 7246 7461 7288 6963 8650 7829 7699 8089
Adjust b 6739 6364 6705 6337 8044 7281 7160 7523
Average Stability Ib 6661 7502
Flow
Meas in( 1/100) 44 45 43 45 29 28 29 31
Average Flows in( 1/100) 44 29
Soaked Stability *100 6,661x100
Strength Index (%) = = = 88.8 %

Unsoaked Stability 7,502

1€l



Y : a J a
ﬂTﬂ\‘lN‘M’Jﬂﬁ 145 NAaN1TINATDY Indirect tensile strength “ﬁ’qmﬁgu 5 99 uFaITed voseaealaariia 40/50, 60/70 1o PMA

AC 40/50 AC 60/70 PMA
Specimen No.
1 2 3 1 2 3 1 2 3

1 99.94 99.77 99.75 100.32 100.17 100.02 100.22 100.10 100.00

Diameter (mm)
2 100.03 100.04 100.03 100.31 99.98 100.11 100.16 100.13 99.89
Average Diameter (mm) 99.99 99.91 99.89 100.32 100.08 100.07 100.19 100.12 99.95
1 67.74 67.27 67.29 68.33 68.89 68.07 68.15 67.86 68.11
2 67.96 67.29 67.66 68.25 68.92 68.00 68.14 67.74 68.41

Height (mm)
3 67.94 67.76 67.42 68.14 68.77 67.90 68.14 67.77 68.37
4 67.94 67.49 67.69 68.09 69.06 68.05 68.31 68.19 68.52
Average Height (mm) 67.90 67.45 67.52 68.20 68.91 68.01 68.19 67.89 68.35
Dry mass (gm) 12183 1218.6 1217.7 1237.4 1229.1 1231.7 1234.1 1233.2 1240.0
Saturate surface dry mass (gm) 1222.8 1223.4 1221.7 1240.1 1231.9 1233.8 1236.2 1236.1 1241.8
Mass in water (gm) 715.3 716.2 714.5 722.6 717.6 718.7 723.6 723.8 726.6
Bulk Specific Gravity 2.401 2.403 2.401 2.391 2.390 2.391 2.408 2.407 2.407
Ultimate load (KN) 40.220 40.671 40.400 32.358 32.459 32.152 39.499 38.881 37.990
Indirect Tensile Strength (MPa) 3.772 3.842 3.814 3.011 2.996 3.008 3.681 3.642 3.540
Average Indirect Tensile Strength (MPa) 3.809 3.005 3.621

(43!



MINHUING 146 HANTNATO Indirect tensile strength NYUHAN 20 DIAUFALTYE Yoo aladwiia 40/50, 60/70 Az PMA

AC 40/50 AC 60/70 PMA
Specimen No.
1 2 3 1 2 3 1 2 3

1 100.70 100.18 100.22 100.18 100.05 100.05 100.03 100.09 100.09

Diameter (mm)
2 100.18 100.06 100.25 100.06 100.08 100.65 100.11 100.00 100.04
Average Diameter (mm) 100.44 100.12 100.24 100.12 100.07 100.35 100.07 100.05 100.07
1 66.40 65.60 65.62 69.21 68.29 69.29 68.39 69.04 68.76
2 66.43 66.32 65.85 69.26 68.49 68.22 68.38 68.68 68.80

Height (mm)
3 66.48 65.34 65.73 69.06 68.46 68.40 68.60 68.75 68.78
4 66.47 65.58 65.25 69.22 68.49 68.18 68.56 68.86 68.78
Average Height (mm) 66.45 65.71 65.61 69.19 68.43 68.52 68.48 68.83 68.78
Dry mass (gm) 1211.7 1203.9 1212.0 1241.2 1230.0 1229.9 1240.2 1236.3 1239.2
Saturate surface dry mass (gm) 1214.9 1209.7 1217.7 1243.7 1232.3 1232.3 1241.8 1238.5 1240.5
Mass in Water (gm) 711.2 709.0 713.5 724.8 718.0 717.5 727.9 725.4 726.6
Bulk Specific Gravity 2.406 2.404 2.404 2.392 2.392 2.389 2413 2.409 2411
Ultimate Load (KN) 21.080 20.468 21.995 15.319 15.839 14.233 21.080 21.495 21.984
Indirect tensile strength (MPa) 2.011 1.981 2.129 1.408 1.473 1.318 1.958 1.987 2.033
Average Indirect tensile strength (MPa) 2.040 1.399 1.993

eel



MTHNUINT 47 Han1INAToL

a =

Indirect tensile strength ﬁqmmu 35 pasnsaIFed vesenaeailadyila 40/50, 60/70 llag PMA

QU

AC 40/50 AC 60/70 PMA
Specimen No.
1 2 3 1 2 3 1 2 3

1 99.96 100.12 99.94 100.03 100.12 100.20 100.18 100.03 99.91

Diameter (mm)
2 100.03 100.10 100.18 100.04 100.07 100.13 100.16 99.75 100.13
Average Diameter (mm) 100.00 100.11 100.06 100.04 100.10 100.17 100.17 99.89 100.02
1 67.35 66.15 67.33 68.11 68.04 67.64 69.20 67.06 68.20
2 67.27 65.77 67.39 68.13 638.11 67.58 69.09 67.13 68.12

Height (mm)
3 67.40 66.03 67.40 68.09 68.16 67.61 69.02 67.15 68.19
4 67.34 66.27 67.32 68.10 68.10 67.66 68.91 67.18 68.14
Average Height (mm) 67.34 66.06 67.36 68.11 68.10 67.62 69.06 67.13 68.16
Dry mass (gm) 1217.2 1218.7 1215.5 1225.8 1228.9 1228.8 1232.2 1229.0 1236.7
Saturate surface dry mass (gm) 1224.4 1225.8 1221.0 1229.0 1230.8 1231.0 1233.8 1231.6 1237.5
Mass in water (gm) 717.7 719.1 714.0 716.2 716.8 716.8 7223 721.7 724.7
Bulk Specific Gravity 2.402 2.405 2.397 2.390 2.391 2.390 2.409 2.410 2412
Ultimate load (KN) 6.578 6.412 6.032 5.114 5.271 5.071 7.159 7.115 7.567
Indirect Tensile Strength (MPa) 0.622 0.617 0.570 0.478 0.492 0.477 0.659 0.675 0.707
Average Indirect Tensile Strength (MPa) 0.603 0.482 0.680

vel



ATNUINT 48 HANIINATOL

Indirect tensile strength ﬁqmﬁ

a

QU

DU 50 DIAUH ALY

e Yoo aladwiia 40/50, 60/70 LAz PMA

AC 40/50 AC 60/70 PMA
Specimen No.
1 2 3 1 2 3 1 2 3

1 99.92 100.16 100.15 100.44 100.06 100.24 100.12 100.07 100.11

Diameter (mm)
2 100.40 100.10 100.08 100.38 100.12 100.14 100.01 100.11 100.12
Average Diameter (mm) 100.16 100.13 100.12 100.41 100.09 100.19 100.07 100.09 100.12
1 66.91 67.82 66.67 68.47 68.01 67.86 68.19 67.50 68.36
2 67.26 68.17 65.95 68.68 63.08 67.85 63.28 67.60 63.28

Height (mm)
3 67.24 67.69 65.61 68.87 67.96 67.87 67.99 67.86 68.53
4 67.79 67.73 65.72 68.77 68.03 67.62 68.15 67.65 68.35
Average Height (mm) 67.30 67.85 65.99 68.70 68.02 67.80 68.15 67.65 68.38
Dry mass (gm) 1208.7 1210.5 1202.5 1230.8 1227.5 1231.7 1240.0 1234.5 1238.2
Saturate surface dry mass (gm) 1212.9 1217.4 1209.4 1233.3 1230.2 1234.3 1241.6 1236.5 1239.6
Mass in water (gm) 707.5 711.8 707.9 718.3 716.2 718.8 726.9 724.3 726.2
Bulk Specific Gravity 2.392 2.394 2.398 2.390 2.388 2.389 2.409 2.410 2.412
Ultimate load (KN) 2.052 2.118 1.840 1.662 1.509 1.606 2.454 2.866 2.750
Indirect Tensile Strength (MPa) 0.194 0.198 0.177 0.153 0.141 0.151 0.229 0.269 0.256
Average Indirect Tensile Strength (MPa) 0.190 0.148 0.251

Gel



AITHNUING 49 HANIINATOL

Indirect tensile strength ﬁqmﬁ

a

QU

DU 60 DIAUB ALY

e Yoo aladwiia 40/50, 60/70 LAz PMA

AC 40/50 AC 60/70 PMA
Specimen No.
1 2 3 1 2 3 1 2 3
1 100.23 100.20 100.26 100.86 100.93 100.26 100.10 100.13 100.13
Diameter (mm)

2 100.30 100.14 100.20 100.24 100.18 100.21 100.04 100.02 100.12

Average Diameter (mm) 100.27 100.17 100.23 100.55 100.56 100.24 100.07 100.08 100.13

1 67.44 67.51 66.79 69.35 68.30 68.94 68.04 67.53 69.10

2 67.41 67.52 66.82 68.88 68.20 68.80 68.19 67.69 69.12

Height (mm)

3 67.48 67.34 66.76 69.51 63.89 69.09 68.38 67.62 69.08

4 67.36 67.60 66.72 69.25 68.04 68.88 67.99 67.44 68.92

Average Height (mm) 67.42 67.49 66.77 69.25 68.36 68.93 68.15 67.57 69.06
Dry mass (gm) 1215.4 1215.5 1217.8 1234.4 1237.7 1236.2 1230.1 1237.9 1237.6
Saturate surface dry mass (gm) 1220.2 1222.2 1220.6 1236.8 1240.2 1239.4 1232.9 1240.2 1238.6
Mass in water (gm) 714.5 715.2 713.9 720.3 722.6 721.6 722.8 726.3 724.7
Bulk Specific Gravity 2.403 2.397 2.403 2.390 2.391 2.387 2411 2.409 2.408
Ultimate load (KN) 1.360 1.301 1.325 1.107 1.217 1.115 1.527 1.479 1.581
Indirect Tensile Strength (MPa) 0.128 0.123 0.126 0.101 0.113 0.103 0.143 0.139 0.146

Average Indirect Tensile Strength (MPa) 0.126 0.106 0.142

9¢1



MIWUINT NS0 HANITNATOU Indirect tensile resilient modulus test ﬁqm‘m

a

Q

DU 5 DI ALY

=

ger ypaenaLeailad¥iia 40/50, 60/70 tag PMA

, Type AC 40/50 AC 60/70 PMA
Specimen
No. (1 12 200 2 3 3 1 12 20 22 3(1» 3 1(») 1@ 21 22 31 32
. 1 99.9 99.5 99.9 100.1 100.2 100.1 100.1 100.1 100.1
Diameter (mm)
2 100.0 99.5 99.5 100.0 100.1 100.1 100.0 100.1 100.1
Average Diameter (mm) 99.9 99.5 99.7 100.0 100.2 100.1 100.1 100.1 100.1
1 66.2 66.8 66.9 68.2 68.8 68.9 68.8 68.7 67.4
. 2 66.1 66.8 66.9 68.0 68.8 69.0 68.8 68.7 67.5
Height (mm)
3 66.1 66.6 66.8 68.3 68.9 68.7 69.0 68.6 67.6
4 66.2 66.8 66.5 68.1 68.8 68.8 68.8 68.5 67.5
Average Height (mm.) 66.2 66.7 66.8 68.1 68.8 68.8 68.9 68.6 67.5
Bulk Specific Gravity 2.399 2.393 2.394 2.390 2.389 2.389 2.407 2.406 2.405
Pulse 1 (MPa) 189 1818 177 1855 173 17 140 1548 145 1379 135 14 167 1640 156 1551 159 149
Pulse 2 (MPa) 179 1846 185 1916 179 18 145 1470 143 1362 137 14 160 1655 157 1558 159 149
Pulse 3 (MPa) 187 1845 186 1796 165 17 144 1344 139 1368 136 14 154 1655 156 1565 161 151
Pulse 4 (MPa) 186 1838 180 1934 168 17 146 1489 142 1374 137 14 161 1627 156 1568 160 151
Pulse 5 (MPa) 183 1781 188 1820 172 18 146 1454 142 1379 137 14 161 1605 154 1559 158 149
Mean (MPa) 185 1826 183 1864 171 17 144 1461 143 1372 136 14 161 1636 156 1560 159 150
(6AY (%) 1.47 1.62 431 1.01 4.09 3.73 1.50 0.11 6.18
Resilient Modulus (MPa) 18,396 18,497 17,564 14,541 14,016 13,959 16,247 15,617 15,513
Average Resilient (MPa) 18,152 14,172 15,792
dnudlsanuveangy (%) 1.34 1.90 3.24 2.60 1.10 1.50 2.88 1.11 1.77

LEl



MIWUINT D51 HANITNATOU Indirect tensile resilient modulus test ﬁqm‘m

a

Q

DU 20 DIFLY ALY

=

oe YpIe AN adYiIa 40/50, 60/70 LiaE PMA

, Type AC 40/50 AC 60/70 PMA
Specimen

No. () 12 2 22 31 32 1(1) 1@ 21 22 3(1) 32 1) 1@ 21 22 3( 32

. 1 99.9 99.5 99.9 100.1 100.2 100.1 100.1 100.1 100.1

Diameter (mm)

2 100.0 99.5 99.5 100.0 100.1 100.1 100.0 100.1 100.1

Average Diameter (mm) 99.9 99.5 99.7 100.0 100.2 100.1 100.1 100.1 100.1

1 66.2 66.8 66.9 68.2 68.8 68.9 68.8 68.7 67.4

. 2 66.1 66.8 66.9 68.0 68.8 69.0 68.8 68.7 67.5

Height (mm)

3 66.1 66.6 66.8 68.3 68.9 68.7 69.0 68.6 67.6

4 66.2 66.8 66.5 68.1 68.8 68.8 68.8 68.5 67.5

Average Height (mm.) 66.2 66.7 66.8 68.1 68.8 68.8 68.9 68.6 67.5

Bulk Specific Gravity 2.399 2.393 2.394 2.390 2.389 2.389 2.407 2.406 2.405
Pulse 1 (MPa) 716 734 669 626 745 747 511 486 482 474 504 496 604 544 624 595 653 652
Pulse 2 (MPa) 701 744 642 631 764 752 514 483 481 475 495 500 608 567 616 592 652 613
Pulse 3 (MPa) 694 731 653 623 756 754 513 483 480 472 490 498 606 573 623 587 641 598
Pulse 4 (MPa) 687 713 619 625 766 777 511 484 483 472 492 500 603 562 616 591 646 604
Pulse 5 (MPa) 688 712 646 631 746 762 513 480 483 475 499 499 601 573 617 586 641 602
Mean (MPa) 697 727 646 627 755 758 513 483 482 474 496 499 604 564 619 590 647 614

(6AY (%) 4.17 2.89 0.40 5.92 1.67 0.54 6.91 4.78 5.19

Resilient Modulus (MPa) 7,125 6,370 7,574 4,984 4,781 4977 5,846 6,052 6,307

Average Resilient (MPa) 7,023 4914 6,068
andeauvedngy (%) 1.45 9.30 7.85 1.42 2.70 1.28 3.66 0.27 3.93

8¢1



MIWUINT D52 HANITNATOU Indirect tensile resilient modulus test ﬁqm‘m

a

Q

=

DU 35 DIALY ALY

oe YpIe AN adYiIa 40/50, 60/70 LiaE PMA

. Type AC 40/50 AC 60/70 PMA
Specimen
No. (1 12 201 220 31 32 W 12 201) 22 3(D 32 WUH 12 21 22 (D 32
. 1 99.9 99.5 99.9 100.1 100.2 100.1 100.1 100.1 100.1
Diameter (mm)
2 100.0 99.5 99.5 100.1 100.1 100.1 100.0 100.1 100.1
Average Diameter (mm) 99.9 99.5 99.7 100.1 100.2 100.1 100.1 100.1 100.1
1 66.2 66.8 66.9 67.4 68.8 68.9 68.8 68.7 67.4
) 2 66.1 66.8 66.9 67.3 68.8 69.0 68.8 68.7 67.5
Height (mm)
3 66.1 66.6 66.8 67.4 68.9 68.7 69.0 68.6 67.6
4 66.2 66.8 66.5 67.5 68.8 68.8 68.8 68.5 67.5
Average Height (mm.) 66.2 66.7 66.8 67.4 68.8 68.8 68.9 68.6 67.5
Bulk Specific Gravity 2.399 2.393 2.394 2.387 2.389 2.389 2.407 2.406 2.405
Pulse 1 (MPa 1728 1647 1679 1588 1676 1590 930 909 978 995 957 929 113 106 124 121 108 1149
Pulse 2 (MPa 1768 1671 1692 1601 1678 1651 944 922 102 101 959 962 114 112 128 124 112 1183
Pulse 3 (MPa 1777 1648 1728 1543 1777 1642 957 949 100 100 101 971 114 111 129 126 113 1188
Pulse 4 (MPa 1746 1680 1722 1558 1791 1668 952 949 101 994 978 971 115 110 131 126 114 1210
Pulse 5 (MPa 1764 1684 1712 1573 1749 1669 982 947 102 996 986 969 116 111 131 125 113 1209
Mean (MPa 1757 1666 1707 1573 1734 1644 953 935 100 100 978 960 114 110 128 124 112 1188
()% (%) 5.32 8.17 5.33 1.91 0.80 1.86 3.72 3.23 5.71
Resilient Modulus (MPa 1,712 1,640 1,689 944 1,005 969 1,128 1,269 1,155
Average Resilient (MPa 1,680 973 1,184
anuiisanuvedngy (%) 1.86 2.39 0.53 2.95 3.32 0.38 4.72 7.15 2.44
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MIWUINT D53 HANITNATOU Indirect tensile resilient modulus test ﬁqm‘m

Q

DU 50 DIFLB ALY

=

ger ypaenaLealad¥iia 40/50, 60/70 taz PMA

. Type AC 40/50 AC 60/70 PMA
Specimen
No. (1) 12 2(1) 22 3(1) 32 () 12 2() 22 31 32 1) 12 21 22 3D 32
. 1 99.9 99.5 99.9 100.1 100.2 100.1 100.1 100.1 100.2
Diameter (mm)
2 100.0 99.5 99.5 100.1 100.1 100.0 100.0 100.1 100.2
Average Diameter (mm) 99.9 99.5 99.7 100.1 100.2 100.0 100.1 100.1 100.2
1 66.2 66.8 66.9 67.4 68.8 68.7 68.8 68.7 69.2
) 2 66.1 66.8 66.9 67.3 68.8 68.8 68.8 68.7 69.1
Height (mm)
3 66.1 66.6 66.8 67.4 68.9 68.6 69.0 68.6 69.0
4 66.2 66.8 66.5 67.5 68.8 68.6 68.8 68.5 68.9
Average Height (mm.) 66.2 66.7 66.8 67.4 68.8 68.7 68.9 68.6 69.1
Bulk Specific Gravity 2.399 2.393 2.394 2.390 2.389 2.387 2.407 2.406 2.404
Pulse 1 (MPa) 268 265 249 288 300 264 201 204 187 184 191 217 297 271 281 286 316 310
Pulse 2 (MPa) 272 302 269 275 307 282 209 213 210 214 215 230 342 307 320 314 305 309
Pulse 3 (MPa) 285 266 270 271 328 292 217 193 210 155 212 194 302 275 289 311 307 296
Pulse 4 (MPa) 255 279 270 275 306 284 246 185 210 186 204 211 303 311 290 308 313 302
Pulse 5 (MPa) 250 285 272 258 320 296 216 212 212 227 182 191 283 294 297 309 308 319
Mean (MPa) 266 279 266 273 312 284 218 201 206 193 201 209 305 291 295 306 310 307
cv (%) 4.77 2.60 9.40 8.11 6.52 3.90 4.70 3.66 0.97
Resilient Modulus (MPa) 273 270 298 210 200 205 298 301 309
Average Resilient Modulus (MPa) 280 205 302
daugﬁmmummﬂﬁju (%) 2.68 3.75 6.43 2.36 2.52 0.16 1.43 0.61 2.04
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MIWUINT NS4 HANIINATOU Indirect tensile resilient modulus test ﬁqm‘m

a

Q

DU 60 DIFLB ALY

=

ger ypaenaLealad¥iia 40/50, 60/70 taz PMA

. Type AC 40/50 AC 60/70 PMA
Specimen
No. 1) 12 21) 22 3(1) 32 1) 12 201) 220 3(H) 32 KD 12 201) 22 3(1) 32
. 1 99.9 99.5 99.9 100.1 100.2 100.1 100.1 100.1 100.2
Diameter (mm)
2 100.0 99.5 99.5 100.1 100.1 100.0 100.0 100.1 100.2
Average Diameter (mm) 99.9 99.5 99.7 100.1 100.2 100.0 100.1 100.1 100.2
1 66.2 66.8 66.9 67.4 68.8 68.7 68.8 68.7 69.2
) 2 66.1 66.8 66.9 67.3 68.8 68.8 68.8 68.7 69.1
Height (mm)
3 66.1 66.6 66.8 67.4 68.9 68.6 69.0 68.6 69.0
4 66.2 66.8 66.5 67.5 68.8 68.6 68.8 68.5 68.9
Average Height (mm.) 66.2 66.7 66.8 67.4 68.8 68.7 68.9 68.6 69.1
Bulk Specific Gravity 2.399 2.393 2.394 2.390 2.389 2.387 2.407 2.406 2.404
Pulse 1 (MPa) 162 137 174 153 151 168 131 133 127 113 128 114 217 221 224 217 213 199
Pulse 2 (MPa) 176 161 188 158 149 142 133 160 128 118 130 114 232 237 230 231 245 223
Pulse 3 (MPa) 173 176 167 155 154 144 129 145 144 114 121 106 225 241 229 229 219 199
Pulse 4 (MPa) 188 173 177 159 147 176 119 135 127 155 109 113 229 234 226 214 215 204
Pulse 5 (MPa) 163 159 179 189 152 159 129 115 138 134 124 126 209 240 225 208 207 199
Mean (MPa) 172 161 177 163 151 158 128 138 133 127 122 114 223 235 227 220 220 205
(0% (%) 6.61 8.24 4.53 7.52 4.62 6.78 5.24 3.13 7.06
Resilient Modulus (MPa) 167 170 155 133 130 118 229 224 213
Average Resilient Modulus (MPa) 164 127 222
daugﬁmmummﬂﬁju (%) 1.73 3.87 5.60 4.72 2.36 7.09 3.31 0.83 4.14
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4 [ Jd a
MINNHINT NS5 Han1SNATEU Fatigue test vosauealanwila 40/50

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Diameter (mm) 100.1  99.8 99.6 99.7 99.7 99.9 99.8 100.1 99.9 100.1 99.9 100.0  100.1 1000 1002
Height (mm) 66.6 66.1 68.6 68.8 68.7 69.4 66.4 65.4 66.6 66.1 67.9 67.7 67.5 68.3 67.1
Bulk specific

gravity 2401 2405 2408 2408 2398 2392 2402 2402 2401 2405 2412 2393 2401 2399 2401
Poisson's ratio 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Loading force (kN) ~ 0.770  0.760  0.790  2.100  1.490 1590 1520 1510  1.530 2430  3.160 2490  3.110  3.140  3.350
Initial Stiffness

modulus (MPa) 1,624 1,805 2,017 1,891 1,504 1,531 1,138 1319 1256 1400 1465 1453 1,196 1280 1,291
Initial strain

(€x, Microstrain) 92.9 83.3 748 2113 1888 1956  263.1 2283 2390 3426 4153 3305 5020 4690  503.6
Log of €x 1.97 1.92 1.87 232 2.28 2.29 2.42 2.36 2.38 2.53 2.62 2.52 2.70 2.67 2.70
Indirect tensile

stress (Ox.kPa) 74 73 74 195 139 146 146 147 146 234 297 234 293 293 317
Log of Ox 1.87 1.87 1.87 229 2.14 2.16 2.16 2.17 2.17 2.37 2.47 2.37 2.47 2.35 2.50
Horizontal

deformation (m) 3.45 1215 5.70 21.70 8.08 7.89 6.17 3.20 12.80 6.64 3.96 2538  12.36 791 23.67

wl



= 1
MINNUINN NS5 (M1D)

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Stiffness modulus

at failure (MPa) 744 1,410 1,008 1,009 744 753 791 653 776 674 672 683 625 635 638
No. of repetitions

at failure 58,304 100,000 60,992 6,216 12,000 7,168 7,032 5,160 7,008 2,624 2,828 2,612 1,010 990 928
Log of No. of

repetitions at

failure 4.77 5.00 4.79 3.79 4.08 3.86 3.85 3.71 3.85 3.42 3.45 3.42 3.00 3.00 2.97

NA = Unvailable results due to machine error
Loading Waveshape : Haversine
Loading pulse width : 250 ms

Pusle repetotion period : 1500 ms
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MIINUINA D56 HANINATOY Fatigue test VoI ladvila 60/70

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Diameter (mm) 100.2 100.2 100.2  100.0 100.0 100.1 100.1 100.0 100.0 100.0 100.1 100.2 100.2 100.0 100.0
Height (mm) 68.8 69.3 69.8 68.5 68.7 69.1 68.3 68.3 69.2 68.5 68.9 69.3 67.9 68.9 68.5
Bulk specific

gravity 2.388 2.387 2388 2390 2.388  2.386 2.394 2.387 2.394 2.390 2.393 2.390 2.385 2.387 2.388
Poisson's ratio 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Loading force (kN)  2.850 3.190 3.480 2.100 1.900 1.760 2.040 1.730 1.480 1.100 0.950 1.380 0.470 0.530 0.580
Initial Stiffness

modulus (MPa) 1,100 1,248 1,322 1,015 847 728 1,184 952 855 1,167 902 1,296 935 1,029 1,394
Initial strain

(Ex, Microstrain) 490.3 480.6 4912 3942 4259  456.1 329.0 3474 326.5 179.4 199.3 200.2 96.5 97.6 79.3
Log of €x 2.69 2.68 2.69 2.60 2.63 2.66 2.52 2.54 2.51 225 2.30 2.30 1.98 1.99 1.90
Indirect tensile

stress (Ox,kPa) 263 293 317 195 176 162 190 161 136 102 88 127 44 49 54
Log of Ox 242 2.47 2.50 2.29 2.25 221 2.28 221 2.13 2.01 1.94 2.10 1.64 1.69 1.73
Horizontal

deformation (pm) 21.50 21.00 21.50 17.20 18.60 19.90 14.40 15.20 14.30 7.80 8.70 8.80 4.20 4.30 3.50
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M WUINN N56 (71D)

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Stiffness modulus at failure (MPa) 546 625 662 508 423 365 597 476 431 584 451 646 742 535 695
70,9
No. of repetitions at failure
1,056 566 606 1,450 1,050 1,988 1,908 2,660 3,028 9,664 7,368 4,536 NA NA 12

Log of No. of repetitions at failure ~ 3.02 2.75 2.78 3.16 3.02 3.30 3.28 342 3.48 4.00 3.87 3.66 NA NA 4.85

NA = Unvailable results due to machine error
Loading Waveshape : Haversine
Loading pulse width : 250 ms

Pusle repetotion period : 1500 ms
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MINHUINA D57 HANMINATOY Fatigue test VoIeauoaladyiia PMA

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Diameter (mm) 100.1 100.1  100.1  100.1 100.2 100.2  100.1  100.1 100.1 100.1 100.1 100.0 100.1 100.1 100.0
Height (mm) 69.3 69.3 69.7 69.5 69.1 68.1 69.5 68.3 68.9 68.7 68.7 68.0 69.2 69.3 68.6
Bulk specific

gravity 2.409 2403 2406 2407 2405 2402 2401 2.408 2.401 2.404 2.409 2411 2.407 2.401 2.402
Poisson's ratio 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Loading force (kN)  3.140 2920 3210 2130 2.860 2.090 1.600 1.890 1.750 1.690 1.370 1.350 0.740 0.610 0.600
Initial Stiffness

modulus (MPa) 1,197 1,159 1,225 1,006 1,385 985 880 1,278 937 1,637 1,323 1,343 1,428 1,197 1,071
Initial strain

(Ex, Microstrain) 493.2 4743  490.1 397.1 389.0 4055 340.8 282.6 353.5 195.8 196.7 192.8 97.9 95.8 106.6
Log of &€x 2.69 2.68 2.69 2.60 2.59 2.61 2.53 2.45 2.55 2.29 2.29 2.29 1.99 1.98 2.03
Indirect tensile

stress (Ox,kPa) 288 268 293 195 263 195 146 176 162 156 127 126 68 56 56
Log of Ox 2.46 2.43 2.47 2.29 242 2.29 2.17 2.25 2.21 2.19 2.10 2.10 1.83 1.75 1.75
Horizontal

deformation (pm) 21.60 20.70  21.40 17.40 17.00 17.70 1490 12.30 15.50 8.60 8.60 8.40 4.30 4.20 4.70

ol



= 1
MINNUINN P57 (M1D)

Sample 1 2 3 4

5 6 7 8 9 10 11 12 13 14 15
Stiffness modulus
at failure (MPa) 596 579 613 501 711 493 444 639 466 820 662 671 1,005 888 741
No. of repetitions
at failure 960 1,300 1,112 2,144 2452 2,832 4,368 4,792 3,068 11,776 8,304 9,408 NA NA NA
Log of No. of
repetitions at
failure 2.98 3.11 3.05 3.33 3.39 3.45 3.64 3.68 3.49 4.00 3.92 3.97 NA NA NA

NA = Unvailable results due to machine error
Loading Waveshape : Haversine
Loading pulse width : 250 ms

Pusle repetotion period : 1500 ms
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ﬂTﬂ\‘lN‘M’Jﬂﬁ A58 WANITNATDY Dynamic creep test ﬁQﬂH’iQﬂJ 40 09AITALYE Vose1LedHanYila 40/50, 60/70 tiag PMA

Target temperature ("C) 40 Target confining Stress (kPa) 220
Target contact Stress (kPa) 26 Target deviator Stress (kPa) 520
Termination microstrain 50,000 Termination cycle 10,000
. Type AC 40/50 AC 60/70 PMA
Specimen
No. 1 2 3 1 2 3 1 2 3
. 1 99.9 99.9 100.0 100.0 99.9 100.1 100.1 99.8 100.0
Diameter (mm.)
2 100.1 99.9 100.1 100.0 100.1 100.1 100.0 100.0 100.0
Average Diameter (mm.) 100.0 99.9 100.0 100.0 100.0 100.1 100.0 99.9 100.0
1 67.9 68.0 68.3 67.1 68.0 67.5 68.4 67.1 66.4
. 2 67.9 68.1 68.5 67.2 67.8 67.2 68.7 67.1 66.7
Height (mm.)
3 68.9 68.3 68.7 67.1 67.8 67.8 67.7 67.1 66.5
4 68.7 68.4 68.1 67.3 67.6 67.4 68.6 67.3 66.5
Average Height (mm.) 68.4 68.2 68.4 67.2 67.8 67.5 68.6 67.1 66.5
Bulk Specific Gravity 2.396 2.402 2.404 2.394 2.389 2.392 2.408 2.403 2.410
Termination cycle 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Accumulated microstain 7,186 8,735 8,019 12,224 14,559 14,186 9,221 9,323 8,458
Flow point (cycle) - - - 5,063 5,126 4,052 - - -
Microstrain @ flow point 6,222 6,461 9,873 8,795 12,001 9,580 7,642 6,955 8,119
Permanent microstrain per cycle 0.72 0.87 0.80 1.22 1.46 1.42 0.92 0.93 0.85
Average permanent microstrain per cycle 0.80 1.37 0.90
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ﬂTiNN‘M’Jﬂﬁ 59 WaN1INATOU Dynamic creep test NYUNNN 60 DIAUBALTYH voseealanyia 40/50, 60/70 Lo PMA

Target temperature ("C) 60 Target confining Stress (kPa) 220
Target contact Stress (kPa) 26 Target deviator Stress (kPa) 520
Termination microstrain 50000 Termination cycle 10,000
. Type AC 40/50 AC 60/70 PMA
Specimen
No. 1 2 3 1 2 3 1 2 3
. 1 99.9 100.0 98.8 99.9 99.9 99.9 100.0 100.0 100.1
Diameter (mm.)
2 100.0 100.0 99.9 100.1 100.0 100.0 100.1 100.1 100.1
Average Diameter (mm.) 100.0 100.0 99.3 100.0 99.9 100.0 100.1 100.1 100.1
1 67.9 68.4 78.4 67.4 67.1 66.6 66.4 66.6 67.1
. 2 67.9 68.5 78.1 67.2 67.0 66.5 66.5 67.0 67.3
Height (mm.)
3 68.0 68.4 78.0 67.5 66.9 66.6 66.5 67.1 67.2
4 67.9 68.7 78.1 67.5 67.0 66.6 66.7 66.8 67.3
Average Height (mm.) 67.9 68.5 78.2 67.4 67.0 66.6 66.5 66.9 67.2
Bulk Specific Gravity 2.395 2.405 2.404 2.394 2.392 2.391 2.407 2.410 2.410
Termination cycle 9,358 9,630 8,649 5,958 5,043 5,614 7,103 6,844 8,004
Accumulated microstain 50,001 50,001 50,012 50,002 50,010 50,012 50,002 50,005 50,009
Flow point (cycle) 2,350 2,135 1,995 1,226 1,335 1,271 1,215 2,226 2,338
Microstrain @ flow point 35,715 15,009 12,642 24,671 30,872 15,757 49,675 49,088 45,427
Permanent microstrain per cycle 5.34 5.19 5.78 8.39 9.92 8.91 7.04 7.31 6.25
Average permanent microstrain per cycle 5.44 9.07 6.86
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ﬂ'lﬁ'NN‘H'Jﬂﬁ n60 Wﬁﬂ"li“l/]ﬂﬁf)ﬂ’lﬁﬂll')ﬁi’)ﬂ‘U’ENWLl‘]J$°ﬁ@aﬂ1u31u3ﬁ]ﬂlﬂ?ﬂ‘ﬂLﬁfJ‘]JﬂUWaﬂ']ﬁﬂﬂﬁ@ﬂﬂlﬂﬁﬂﬁﬂﬂﬁﬁﬁ')ﬂ

Hot Bin 1

Hot Bin

o Total
Description Passing #200 Retained #200 Total Bin 2 Bin 3 Bin 4
RN VIo R4t VIR Vio [ 1 VAN 1V kAN 1 ¢ VIR 11710 1< BN o VIR 1Y 10 IR v VIR 117 1o 1 N 1 VAR 0 Vo b MR P2
Mix Proportion (%) - - = - 40 40 18 18 20 20 22 22 100 100
Bulk Specific Gravity - - 2.651 2.624 2.683 2.662 2.687 2.664 2.693 2.677 2.689 2.686 2.687 2.671
Apparent Specific Gravity 2.908 2.938 2.901 2.935 2.902 2.935 2.936 2.934 2.929 2.933 2.921 2.938 2918 2.935
Water Absorption (%) - - 3.21 4.01 = 7 3.16 3.42 2.99 3.26 2.95 3.19 - -
IMATNYNYDINIATINALIDYA
Y - - - - 452 - - - - - - - - -
%) hivdesni4s5%
IMABUYUUDINIATINHET
o ’ 100 : 100 - 100 - - -
%) hivdesni190 %
ANULUULAZAINGT
L - 8.09 - 3.63 - 2.95 - - -
YoIOUMIA (%)  1AY 10 %
Flakiness Index (%) s liudesas 35 42 44 24 23 12 13 23 23
Elongation Index (%) sz ideonindesas 5 10 9 18 18 13 16 15 15
Asphalt Absorption (%) MUY AC 40/50 = 0.43, AC60/70 =0.43,PMA =043 NN AC 60/70=0.44
Los Angeles Abrasion (%) sy hifudesas 40 MUY 183 % AN 19.3 %
ya v NUIY Coarse Aggregate 3/4" =1.90 %,Fine Aggregate = 3.40 %
Soundness (% Wt.Loss) UIATTIU linudesaz 9
NIY Coarse Aggregate 3/4" =0.70 %,Fine Aggregate =3.7 %
Sand Equivalent (%) s hidesnii¥esaz 50 uide 72 % sy 67%

HU8LYIA ﬂillﬁ’f]NﬂﬂWiﬂﬂﬁ@UﬂlﬂﬂﬂiN%Nﬂa’N
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MI1INHINN D61 Nam:mﬂﬁa‘u*Za@v%:uﬂizﬁmmmaaﬁaﬁwﬁﬂ 40/50, 60/70 1182 PMA

Type
Test Unit

AC60/70  AC 40/50 PMA
Original Binder
Penetration Test (25° C) Pen. 69 45 60
Solftening Point °C 46.2 51.2 -
Viscosity (135°C, 20 rpm, spindle 21) cP 392.5 527.5 1230
Ductility (25° C) cm > 150 > 150 > 150
Thin Film Oven
Penetration Test (25° C) Pen. 46 30 45
Solftening Point °C 52.2 56.1 -
Viscosity (135°C, 20 rpm, spindle 21) cP 517.5 725 -
Ductility (25° C) cm > 150 > 150 > 150
Change in Weight % 0.02 0.213 -
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