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In Thailand, Marshall mix design method has been utilized over 20 years.
Recently, Department of Highway still used this method for asphalt mixture design including material
selection and mix design. The results from sophisticated research, so-called SHRP program,
comducted in the Umited Sates have reported some porblems in Marshall mix design procedures and
have introduced the new mix design method, so-called SuperpaveTM mix design. A Superpave mix
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Minimum Maximum Minimum Maximum Minimum Maximum
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Flow
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Air Voids, % 3 5 3 5 3 5
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M5NH 2.4 ToAmuad T UYSINATPOIINTEHINOYNINYEILITIN (VMA)

Nominal Maximum Aggregate Size , mm Minimum VMA , percent
9.5 15.0
12.5 14.0
19.0 13.0
25.0 12.0
375 11.0

3 Asphalt Institute (1996)
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Traffic , millions ESALs Design VFA, percent

<03 70 - 80

<1 65— 78

<3 65 —178

<10 65175

<30 65175
<100 65-175
> 100 65-175

v Asphalt Institute (1996)
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4.L.1MamInssaeudelSnivesiaguauteaiafnneun3niy Binder Course
k4
WaMIasRTLEIlTIRIVBY TagNanLeaHadnaBUNIATY Binder
Course UsgnaufisransasatBLguaulAENSnsvesidguauueafadnaounia  luwa

d' [ L dy
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MINN4LLl  manIaTvaeudlTuasvesiaguauoafafnneuniavesinsamineding

v []
NaraNauniani13les (#34-00UY% ) ABU2 FU Binder Course AI087197 1

Foafi 1 | deeii2 | dosii3 Fouii 4 Foad 5
Gyra. Ht. Gmb(est) Gmb(corr) %Gmm
4 75 2.118 2.170 82.8
5 74.2 2.141 2.193 83.7
6 73.6 2.158 2211 84.4
8 72.6 2.188 2.242 85.5
10 71.8 2.212 2.267 86.5
12 71.1 2.234 2.289 87.3
16 70.1 2.266 2321 88.6
20 69.4 2.289 2.345 89.5
25 68.7 2.312 2.369 90.4
32 68 2.336 2.393 91.3
40 67.4 2.357 2.414 92.1
50 66.8 2.378 2436 93.0
64 66.1 2.403 2.462 94.0
80 65.5 2.425 2.485 94.8
100 65.2 2.436 2.496 95.2
128 64.7 2.455 2,515 96.0
160 64.4 2.466 2.527 96.4
200 63.9 2.486 2.547 97.2
220 63.9 2.486 2.547 97.2
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MsnAd112  wansasavasudlFunasveslagnauueaiafnnouniaveslnsamsneaing

14 ¥
Manaouuinas 11310 (#34-00UlY ) AOU2%HU Binder Course A1061971 2

doafi1 | doefi2 | doi3 | dosfia | dedfis
Gyra. Ht. Gmb(est) | Gmb(corr) | %Gmm

4 75.5 2.110 2.154 82.2
5 74.7 2.133 2.177 83.1
6 741 2.150 2.195 83.8
8 73.1 2.179 2.225 84.9
10 723 2.203 2.249 85.8
12 71.6 2.225 2271 86.7
16 70.7 2253 2.300 87.8
20 69.9 2.279 2.327 88.8
25 69.2 2.302 2.350 89.7
32 68.4 2.329 2.378 90.7
40 67.8 2.350 2.399 91.5
50 672 2.371 2.420 924
64 66.6 2.392 2.442 93.2
80 66.1 2.410 2.460 93.9
100 65.5 2.432 2.483 94.8
128 65.1 2.447 2.498 95.3
160 64.7 2.462 2.514 95.9
200 64.2 2.481 2.533 96.7
220 64 2.489 2.541 97.0
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A1519914.1.1.3

HaMIAsIvAO LTS IRsvosTaguauueaiadnneuniaveslnsimsieasis

9y y
manansauniasi15rios (#34-8oUy% ) ADU24U Binder Course #206197 3

goaii1 | veefi2 Foafi3 | voaft4 | Feeii 5
Gyra. Ht. Gmb(est) | Gmb(corr) | %Gmm
4 75.9 2.101 2.158 82.3
5 75.2 2.120 2.178 83.1
6 74.5 2.140 2.198 83.9
8 73.6 2.166 2225 84.9
10 72,7 2.193 2.253 86.0
12 72.1 2211 2.271 86.7
16 71 2.246 2.306 88.0
20 70.3 2.268 2.329 88.9
25 69.6 2.291 2.353 89.8
32 68.9 2314 2.377 90.7
40 68.2 2.338 2.401 91.6
50 67.6 2.359 2422 924
64 67 2.380 2444 933
80 66.5 2.398 2.463 94.0
100 66 2416 2.481 947
128 65.5 2.434 2.500 95.4
160 65 2453 2.519 96.1
200 64.7 2.464 2.531 96.6
220 64.5 2.472 2.539 96.9
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A13°199 4.1.1.4 udnanan1snadou lagdseliloSiwnHu Binder Course 2981471 1

wamsnaaou Tagdsaihiloiww Binder 1
Air Void (%) 3.90
Percent AC by Wt. of Agg. (%) 4.90
Density (gm./ml.) 2.493
VMA (%) 15.20
VFA (%) 73.70
%Gmm@N,,, 96.10
%Gmm@N, . 97.20

a ) d o’: . 3 Ul A
M13199 4.1.1.5 udaananisnadon Ine3 Sl osimwdu Binder Course @2081991 2

nansnaaey Iaedseqwloswd Binder 2
Air Void (%) 4.60
Percent AC by Wt. of Agg. (%) 490
Density (gm./ml.) 2.487
VMA (%) 15.01
VFA (%) 73.35
%Gmm@N,, 95.40
%Gmm@N,, 97.00
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3197 4.1.1.6 uarmsmamsnaao TaedBqlule e Binder Course #0619 3

wam3nagouTagiTanlnlosmi Binder 3
Air Void (%) 4.50
Percent AC by Wt. of Agg. (%) 490
Density (gm./ml.) 2.468
VMA (%) 15.03
VFA (%) 73.39
%Gmm@N,, 95.50
%Gmm@N,,. 96.90

{ 4 Q’I’ { o [}
A5 4.1.1.7 uaraewan1snaae Ine3sgliosmwdu Binder Course e 3 d20619

wansnaae InedTeyulosme
Air Void (%) 4.33
Percent AC by Wt. of Agg. (%) 4.90
Density (gm./ml.) 2.483
VMA (%) 15.08
VFA (%) 73.48
%GMm@N,, 95.85
%Gmm@N,,,_ 97.03
%Gmm@ N, 95.6
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4.1.2 HanmsasrsaeuamansvesTaguanueaafnnoun 3T Wearing Course
9
WanIAsR TS UIRT YR INgMITNLE aNDANABUNTATY  Wearing Course
synoudswansasrsaeuguautiaidalfuasvesingramueaitadneunialuwameneh
o i dy
nimsinyIAsedl
MIni4121  wamsasedeudalsuasvesTaguauueatadnneundavosInsemsnoadg

E4 1
nInaNouu a3 1131100 (#34-80UY% ) AOU2 YU Wearing Course A20619% 1

Foafi 1 | Foii2 Fosfi 3 Foaii 4 | Fosii s
Gyra. Ht. Gmb(est) | Gmb(corr) { %Gmm
4 76.9 2.069 2.134 82.1
5 76.1 2.090 2.156 83.0
6 754 2.110 2.176 83.8
8 74.4 2.138 2.205 84.9
10 73.6 2.161 2.229 85.8
12 72.9 2.182 2.251 86.6
i6 719 2.213 2.282 87.8
20 71 2.241 2.311 89.0
25 70.3 2.263 2.334 89.8
32 69.5 2.289 2.361 90.9
40 68.8 2.312 2.385 91.8
50 68.1 2.336 2.409 92.7
64 67.4 2.360 2.434 93.7
80 66.9 2.378 2.453 94.4
100 66.3 2.399 2.475 95.3
128 65.8 2.418 2.494 96.0
160 654 2.432 2.509 96.6
200 65 2.447 2.524 97.2
220 64.8 245 2.527 973
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mMIei4.122  WamsasdreudelSinasvesTagrauueaiadnaeuninveslnsemsneddie

E ¥
manansaun a3 115100 (#34-00UYY ) ADU2 FUWearing Course AI9E19H 2

Fosii1 | Fosii2 Foefi 3 Foefia | dosiis
Gyra. Ht. Gmb(est) | Gmb(corr) | %Gmm
4 77.1 2.068 2121 81.6
5 76.2 2.093 2.146 82.6
6 75.5 2.112 2.166 83.4
8 74.4 2.143 2.198 84.6
10 73.5 2.169 2225 85.6
12 72.8 2.190 2.246 86.5
16 71.7 2.224 2281 87.8
20 70.9 2.249 2.307 88.8
25 70.1 2.275 2333 89.8
32 69.3 2.301 2.360 90.8
40 68.6 2.324 2.384 91.8
50 67.9 2.348 2.408 92.7
64 67.2 2.373 2434 93.7
80 66.7 2.391 2452 94.4
100 66.2 2.409 2470 95.1
128 65.7 2.427 2.489 95.8
160 65.3 2.442 2.504 96.4
200 65 2.453 2.516 96.8
220 64.8 2.461 2.524 97.2
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AsNN4.123  wamsasedemdlTuasvesiaguaunsadannnouninvoslnssmsieade

9 ¥
NIINa0UUIneT 1131108 ( #34-00UYT ) ABU2TU Wearing Course A208199 3

douRi 1 | Yeufi2 | doaR3 | ded4 | Fod s
Gyra. Ht. Gmb(est) | Gmb(corr) | %Gmm
4 77.8 2.046 2.120 81.6
5 77 2.067 2.142 824
6 76.3 2.086 2.161 83.2
8 75.2 2.117 2.193 84.4
10 74.3 2.143 2219 85.4
12 73.6 2.163 2.241 86.2
16 72.5 2.196 2.275 87.6
20 71.7 2.220 2.300 88.5
25 71 2.242 2.323 89.4
32 70.2 2.268 2.349 90.4
40 69.5 2.291 2.373 91.3
50 68.9 2.311 2.393 92.1
64 68.1 2.338 2.421 93.2
80 67.6 2.355 2.439 93.9
100 67.1 2.373 2.458 94.6
128 66.6 2.390 2.476 95.3
160 66.2 2.405 2.491 95.9
200 65.8 2.419 2.506 96.5
220 65.6 2.427 2.514 96.8
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[ 14 »
3197 4.1.2.4 nansnamanaaen TaiB oS iwndu Wearing Course #186147 1

wan1snadel TngIyulosivl Wearing 1
Air Void (%) 3.87
Percent AC by Wt. of Agg. (%) 5.10
Density (gm./ml.) 2.456
VMA (%) 15.21
VFA (%) 73.71
%Gmm@N ., 96.13
%Gmm@N,,, 97.30

¥ y ]
3199 4.1.2.5 uaaspamsnaaoy Ias i Taalile finH e Wearing Course #1061471 2

wamsnadonlnItyihalosind Wearing 2
Air Void (%) 4.07
Percent AC by Wt. of Agg. (%) 5.10
Density (gm./ml.) 2.456
VMA (%) 15.09
VFA (%) 73.49
%Gmm@N,, 95.93
%Gmm@N,,_ 97.20
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1 1 4 y
#1319 4.1.2.6 uarasnamsnaaeu Tagisalilesmndu Wearing Course #1061 3

nan1snaaey Taedtylnlesinn Wearing 3
Air Void (%) 4.57
Percent AC by Wt. of Agg. (%) 5.10
Density (gm./ml.) 2.428
VMA (%) 14.99
VFA (%) 73.31
%Gmm@N,, 95.43
%Gmm@N,, 96.80

- A 4 3 . a o L]
M5 NN 4.1.2.7 ueaswamsnadeu lassyluleswneu Wearing Course 1908 3 20619

wamsnageu Iatdfalnlesm
Air Void (%) 4.17
Percent AC by Wt. of Agg. (%) 5.10
Density (gm./ml.) 2.447
VMA (%) 15.09
VFA (%) 73.50
%Gmm@N,, 95.83
%Gmm@N,,_ 97.10
%Gmm@ N, 95.83
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M31994.1.2.8 TwazBonvesfoudietianldnadouTasi Taalalesm (Nmax = 220 o)

Binder Course

Wearing Course

flou fiou fiou fou Aou flou
Roudete | seteiil | Methei2 | detheiis | Kaedefil | detheitz | daegmeiis
Feluerme
(2 1247.5 1251.2 1252.2 1249.4 1252.3 1250.3
Falut @ 756.2 757.5 759.9 755.8 756.4 754.4
Sudmui
3] 12459 1249.9 1253.1 12503 1252.5 1251.8
% AC by
vihwnin 4.90 5.10
densitykg/m3 2493 2487 2468 2456 2456 2428
ANWGINL.) | 63.9 64 64.5 64.8 64.8 65.6
AV %(n5e) 433 457
VMA
%(Lﬂéﬂ) 15.08 14.99
VFA%(LQ?;EI) 73.48 73.31
Wt. ofAgg.
(%) 4.33 4.57

msmgaruiaiaSnnsmasyuuve sl sin

msirTzAdeyauarMsfuamauls noudngveweaiadnaounia lag

ac 4 H Yy Ao v A A =
’Jﬁ”lj‘ﬂ!fﬂﬁ)‘iL‘Wﬂuu%Suﬂillﬂiﬂﬂiﬂmﬂﬂﬂiij”lmmi%i”l%iIﬂEJEJ’OﬂLLiJ‘lJL‘CL‘]umetﬂEJ’JHMSg”luﬂlm

1 4 ¥
nuusﬁuﬁu‘ﬁ 220D ALUUTIURNT LD THAANABUNTA

o .. ¥ v 4
ﬂ‘lﬁiﬂ‘i’fﬁ)ﬂuam‘mﬂﬂﬂiﬂmﬂim Superpave Gyratory Compactor UUUNYUILYN

Y P o ' v ]
PufindeynlnsComputer Notebook deazenuisatiunléma arwaleduwizsoulaotlssun

' [ a <] 3 °
anuahmgswignaswazilesdudnnugndssvesnnuard e mmauiqegalu
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#MINNMIUASe ANugeveIRisdnwzgniauasiiufin i luudasseunmsviyu Gmb vedied

QIUASANY Gmm vesieduuunatnszgnia msdszanmm Gmb Aualdnnaums

YNAN

e =Sh.

Gmb (estimated) =( Wm/Vmx )/Yw

A
We
Gmb(estimated) = AWH931W12 54 1ABLT LU IUVD IR0 19T 1N LABA(Estimated Bulk Specific
Gravity of Specimen During
Compaction)

v
Wm = HIMHUNUDIAI08, N33(Mass of Specimen)
b

Yw = AUHUMU BT (Density of Water) = 1030/0. %3,
Vmx = 131185999 mold (¥3.3) Murn I naumsdnsans
Vmx = TTd2hx/4 (0.001)cm3/mm3 = 7.8539 hx

4 .
(e d = idurugudna1ause mold (100 1)
hx = ANUBIEIENTUITHINUADS (V1)
T=13.1416

] dy ag Ja Y 2 ] S [ ﬂ a ﬁl a LY ¥
MIRUINH T AUVA RN UYIA08195 8D 1a Tunnuiiuessudifivosdineg
b4 I3

w2 hiGsuh VdSinesvesireiadsendilsuiasues mold deviu A1 Gmb TaelszunanN, oy
uane19910e Gmb NI IAA N,
C = Gmb (measured)
Gmb (estimated)

&
tu® C = Correction factor
Gmb (measured) = AVINANTIIM T WATR TANAINN N,
Gmb (estimated) = AW 1INz Tasls s N,

v A ar A o \1 F 4 9 s
1 Gmb TnsilszinanszaumMsnyudus Sium ldnnaunsdean
Gmb (corrected) = C x Gmb (estimated)

-& v ] d' 3 @ (] ]

(8 Gmb (corrected) = ANUHITUNILTINNYNABIVDINIDE N IHUARZ TRUMITNYU
C = correction factor
Gmb (estimated) = ANUANI U Ineiszunvesiisg g luuRag souMsHYyY
lofiHuAYes Gmn NMInyuae Wusps1dmszni1e Gmb (corrected) M
way N, ¥09MInyu1 14910 S2AUYBINITISI9TIoenuuL

Gmm(measured) mslé N, N

max® des®

uaQUNYNYBILIMATIBDNUULYBILARE TATINS JofmuamsosnuuUdUNALUDY

[=}

] [] 14
Superpave (VMA, VFA uazdasidaudy) ogn 4% vodigesinemail N, ueneiniidall
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fofmuammiedmivanumuinivvesdunauil N, Nd, uaz N, lefiiudvesresite
810aN N, vldnaums
AV =100 - % Gmm @N

des

A v v a ’cd o a &
1B AV = 997901NA7 N, , iesisudussilsuasiavua
% Gmm @N,,, = ANUERTUIMEMangefqegadi N, aleddud
] o [] v -3
nlesiFudvesroeite luwlasu Aralidan
%VMA = 100 ~ (% Gmm @N,_, x Gmm x Ps)Gsb
A [} [ o o 4 = a’:
30 VMA = 989719989110352%, 1es1suavesdinasvisvua
% Gmm @N,, = ANUDNIIEMIMgu geqaiiN,  wefidud
Gmm = ATUENTUNIEN RN B IR
¥
Gsb = ATIUANFUNILIINVDINIATINTINUA
¥ ¥
Ps = §7ud 52 NOUYDINIATIN, BU3/33 TagtimtinuesdIuNauaiuag
b4
sulefidudvestosiienmeainiy 4% Yeyailszih hluSeufeutudefimuams
51183 (Volumetric criteria) uaziih lAnswianueanyselvesdiunay uadwosingioos1ms
[ Y k4 ) T d' A bR 1
Wity 4% desinamaiurauvessieanuuylasdszua weld ldgesineemea 4%
9/ T
NAFNMSIT9BS
Pb, estimated = Pbi — (0.4 x (4-AV))
A
)
2 =] cy o !
Pb, estimated = V311019 Tostlszunay, alosidud lasimdnyosadiumen
P X =] : Y [
Pbi = USinmensFuusn, aosidud lasthminuediumey
J 4 [ [} PR
AV = 1lofHuAv8I09I 190 1MAN N,
51185 (VMA 102 VFA) 11 N, Haganuau i uuesd UNaui N, uag N,
o 9/ ¥ '
A tannaunstheai
%VMA (estimated) = %VMAinitial + C x (4-AV)
1110 %VMA initial = %VMA 911nM3a09SuIe
C = Mnedi = 0.1 §1 Va Yosndi 4%
=0.2 &1 Vaunnin 4%
% VFA estimated = (% VMA estimated — 4.0)

%VMA estimated
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FrofumsinammguaniaBlSnsvewsafodduud lnsdfidesldums
o ifell lufitlondaededu Binder Course
‘i‘}‘uﬂ’mN(Layer) Binder Course
1. Fadanfuild Tunmseenuu140:23:20:17 121881 GAG 2.702
2. GAC = anugndumzvesoaladdmud = 1.02
3, Gse = ANUONIUN L UseAnSHa(Effective Specific Gravity = 2.722
nSannuasafoudiodislnenins Superpave Gyratory Compactor 9214A1$1uausELYRINS
nyunazagevestoudetelugeddi 1 uas 2 awdidy dmiudetuild

SruauseumanyugegamAy 220 souuag 1515 uaeadaddmudimniy 4.9%

awtemsnuaasnan i TasdSalalosimd

¥
FUNINN(Layer) Binder Course

Foafi1 | doefi2 | Fosii3 Fofi 4 Fo9fi 5
Gyra. Ht. B Gmb(est) Gmb(corr) %Gmm
4 75 2.118 2.170 82.8
5 74.2 2.141 2.193 83.7
6 73.6 2.158 2211 844
8 72.6 2.188 2.242 85.5
10 71.8 2212 2.267 86.5
12 71.1 2.234 2.289 87.3
16 70.1 2.266 2.321 88.6
20 69.4 2.289 2.345 89.5
25 68.7 2312 2.369 90.4
32 68 2.336 2.393 91.3
40 67.4 2.357 2414 92.1
50 66.8 2378 2.436 93.0
64 66.1 2.403 2.462 94.0
80 65.5 2425 2.485 94.8
100 65.2 2.436 2.496 95.2
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128 64.7 2.455 2.515 96.0

160 64.4 2.466 2.527 96.4
200 63.9 2.486 2.547 97.2
220 63.9 2.486 2.547 97.2

mmmf‘hmmmdmﬁmmu%’umauﬁaﬁy

1. AumanunTiumuaeesfeusios Gmb (measured) =Measured Bulk Specific
Gravity

DE = ACa/(ACS - ACW)

o DE = amununinuisvuavesfoudaei

ACa = vvindrotnaeailanneuriafisilusine= 1247.5 nu

ACS = hmiindotuoniaRnasuniafidelueime Lﬁaﬁmmé";u(ﬁmw Saturated Surface
Dry)= 1245.9n31

ACW = tiwiindaeteaftarnnounIafiseluii=7s6.2 ndu

UNUA DE =1247.5 /(1,245.9-756.2)=2.547

2. ATUIUYIANUD NI Taels s nueIaing e iunon
Gmb (estimated) = WM NVDIAIDE19 (ATN)/(7.8539 hx) = 1,247.5/(7.8539 *75)=2.118

o

A lgthin I ld lugeed 3

3. Aumaniuud C
C = Gmb (measured)
Gmb (estimated)IN_ = 2.547/2.486 = 1.024

4. frmmmauaRiuvsigndssvesiedisiuudas soumsvyu
Gmb (corrected) = C x Gmb (estimated)
UNUAT Gmb (corrected) = 1.024x¥097 3

v } [
A latiii 1l ldlugean 4=2.170
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5. AMUIMNIA Gmm (measured)

Gmm(measured) = Pmm /[ ( Ps/GAG )+ Pb/GAC) ]

A & o
118 Pmm = $ouaz Inaulravssnanuainay = 100
Ps = 1/5u190919857% (Aggregate Content) = 90.8
Pb = USinmvseaiannneunia(Asphalt Content) = 4.90

UNUAT Gmm(measured) = 100/ [ (90.8/2.722 )+ (4.9/1.02) |

6. AMIUMA% Gmm WesiFuduns Gmn fimsmyudng Wudanduszndn
Gmb (corrected) i Gmm(measured)
% Gmm = ((100x Gmb (corrected))/Gmm(measured)
UNUP % Gmm = (100x o7 4)/2.620
=100%2.170/2.620=82.8
A Igt U dugesd 5
udanndureuiisisfunmsinnumanamadaSasvewestadsundsed

1. o Budunese s maAv N N, v ldanauns

des

AV =100 - % Gmm @N

des

‘§ [] 1 d' ¢ 3 o Y Q’l’
We AV = $¥8971901087 N, wlefuavear/suiasviarua

des®

% Gmm @N,,, = ANNANTUR MR gah N, 1losiHud=06.1

des des?

WALAT AV =100-96.1=39  96.1191nA5Vszn AR 135500

2. finnsudefidudvestesieluwiasiu dosldnn

%VMA = 100 — (% Gmm @N,_ x Gmm x Ps)/Gsb

(iio VMA = pa7199p17a591, alodidudvealfunasiimun

Gmm = ANUG NI UNIENWNHY IR = 2.620

Gsb = ANUAITIMNE INABIIAT I TNIA=2.702

Ps = daulsnoUVDIIaT I, T/’ Tashminvesdaunauionua = 0.908
UM

%VMA = 100 — (96.1x 2.620x 0.908) x 2.702=15.2

3. Amsidesiudunsreeite eI %VMA (estimated) v tdan

%VMA (estimated) = %VMAuinitial + C x (4-AV)
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e %VMA initial = %VMA 91AM3a8eUSinaens

C = 1asii = 0.1 81 Va ount 4%=0.2 §1 Va 110031 4%unuf1 %VMA (estimated)
=152+ 0.1 x (4-3.9) = 15.21

4. snnnlesFuduesseshafignumufidaeueaitad® VFA estimateafiuan 1]
910% VFA estimated = {100 x ( %VMA estimated — 4.0) } / (%VMA estimated)
LUNUAT % VFA estimated = 100x( 15.21 - 4.0 )/15.21 =73.70

nfReufisudeyanlflunisdseneumgamuinidaulinasveaeaiadnounia
%’uﬁ’m‘IQ(Layer) Binder Course

d
Bndura Woalosmn

doyaiildi)sznoumariinan

1. GAG =2.702 1. GAG =2.702
2. GAC =1.02 2.GAC=1.02
3. Bitumen Absorption = 0.25 3.GSE=2.722

fndsildludamgaania
o 2 £ = o £ =2 =
1. AH909UTM95199 1. mriedelSunansesies Tasezeenuuuiy
9 )
smmmsesesthunansuase so asemih  WaRenAI§IU(ESALS) 92158109

9 []
Pnamsenesnuuiuvada 75afymdt  Suusevildlumsuede- N, - N,

design-
o 9 . .
2. 6M 921i1 11191 Bitumen Absorption 2. 1% GSE uaz GAG Tumsvi Gmm
lsig{lade Bitumen Absorption
] g v J ~ Q' :‘ ] :‘ 4 ~ [ =]
3, ANUMULUY szvfdelolimsundan 3. anuvudun 1dezdl 2 Ade
o Qy [ ) Y] [l Lt Y
wSadu Lifiaurnwes (C) lunsdSuud - AU iunew idannses
v { Qo L) A 73
- AU ULUUN lnmsdasadlounsa
=
MN__
) 9
ANUMUILLUN 184 2 Arazti hdvan
uwineed (C) TJumsdSuud

4. hififlsfannugs 4. friladeanuge
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1Y) 1 o 1 ey & a o o ¢ 3/
amvdumisnummguduiaiainasveweafadduud lnsdndeslalums
b4 y ¥ b
M Ueetl  TuiienAao819%u Wearing Course
y
FUNINN(Layer) Wearing Course
o ] a o 9/ '
1. dadunduils Tumsesnuund6:29:15:1092 18AI1GAG 2.700
(Gsb = Bulk Specific Gravity of Aggregate)
2. GAC = Anudsdumizvosoaladdiuud = 1.02
3. Gse = ANNONTUNLUsLANTHA(Effective Specific Gravity) = 2.720
-2 o % ] d' ¥y
naannuasafoudle s lnanies Superpave Gyratory Compactor AGER
] 9
ruouseuvesminyuuazaugvostoudednliugeh 1 waz 2 awddy dwmiudlednil
T manseumansugeganindy 220 seunas l9SinuuealadBmudyinny 5.1%
[ ¥ o A 4
ArENaaaIRam s AWM Inedsynlesmu

b
%’uﬁ’amﬂ(Layer) Wearing Course

Foafi1 | Foefi 2 Fos#i 3 Fosfi4 | dosfi s
Gyra. Ht. Gmbl(est) | Gmb(corr) | %Gmm
4 76.9 2.069 2.134 82.1
5 76.1 2.090 2.156 83.0
6 75.4 2.110 2.176 83.8
8 74.4 2.138 2.205 84.9
10 73.6 2.161 2.229 85.8
12 72.9 2.182 2.251 86.6
16 71.9 2.213 2.282 87.8
20 71 2.241 2.311 89.0
25 70.3 2.263 2.334 89.8
32 69.5 2.289 2.361 90.9
40 68.8 2312 2.385 91.8
50 68.1 2.336 2.409 927
64 67.4 2.360 2434 93.7
80 66.9 2.378 2.453 944
100 66.3 2.399 2.475 953
128 65.8 2.418 2.494 96.0
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160 65.4 2432 2.509 96.6
200 65 2.447 2.524 97.2
220 64.8 | 245 2.527 973

fmmnﬁwmmmfhm'nqmmfumauﬁaﬁy

1. SuamanuniuT e fevdios Gmb(measured) =MeasuredBulk Specific
Gravity

DE = ACa/(ACS — ACW)

o DE = amumiiuiimuavestoudiois

ACa= tiwitinfaetueailoanasuniafiseluoime= 12494 nu

ACS = thminfogauoailofnaouniafislusme deflnnuiy (W Saturated Surface
Dry)= 1250.3 N34

ACW = ihmingiodauenilarnnouniafiaslunii=7sss ndu

UNUAT DE =1249.4 /(1250.3-755.8)=2.527

° N o v 1 1 A g
2.ﬂ?“?ﬂHTWHWNﬂQQ%HWTZ?QNIﬂﬂﬂi%ﬁWmmﬂQﬂiBUN%ﬁﬁﬂUﬂﬂﬂ

Gmb (estimated) = Y IHUNVDIA0E9 (N5)/(7.8539 hx) = 1249.4 / (7.8539 *76.9) = 2.069
a1 lgniin 1 ldluseh 3

3, Suaaranlsuud C
C = Gmb (measured)
Gmb (estimated)IN__ = 2.527/2.450= 1.032

4. AMmdammanuenimizsngndowesirednluudoz seumsvyu
Gmb (corrected) = C x Gmb (estimated)
UNUAT Gmb (corrected) = 1.032xFD91 3

awm tati lilldlusen 4=2.134

5. AUIUHIAT Gmm (measured)

Gmm(measured) = Pmm / [ ( Ps/GAG )H Pb/GAC ) ]
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A o -
o Pmm = $evaz lnsuravesianuanney = 100
Ps = USum1u0eu70359% (Aggregate Content) = 91.1
Pb = 153 1mvoaeaiafnnnounin(Asphalt Content) = 5.1

UNUAT Gmm(measured) = 100/ [ (91.1/2.720)+( 5.10/1.02) ]

6. SUAMNIA% Grm WeFFudues Gmn Amsnyudn Susasidausznde
Gmb (corrected) N Gmm (measured)

% Gmm = ((100x Gmb (corrected))/Gmm(measured)

UNUM % Gmm = (100x ‘ﬁ’ﬂﬁ‘ﬁ 4)/2.598 = 100x2.134/2.598=82.1

1 H y [} L1 t A
a i 1 luaeeh 5
a :/’ d' J o 3 =Y = L=} <o dy
wasnnduseuistiwiflumsdnnumamquaniadalSinasveweafladduuddeil

1. tlosiHudveroIieemMAAV A N, midnnaums

des
AV =100 - % Gmm @N,,,

A [] 1 d' -1 4 = 3

1B AV = ¥83719010190 N, tlosisudvesiSuasvianua
% Gmm @N,, = ATINASWIENMNgugeged N, nledidua=96.13
UNUAT AV =100-96.13=3.87  96.1381910M 31520 1A 135 50U

o - 4 [ t o
2. Avnantlessuduesresina luuiasiu sualdan

%VMA = 100 — (% Gmm @N,, x Gmm x Ps)Gsb

des
o VMA = Fevinveaniasi, nlesiSudusalSinasianun

Gmm = ATINENTURIE NN U FgR = 2.598

Gsb = AMNENSUNIE T IYBIUIATINFANUA=2.700

Ps = @152 NOUVDINIATIN, FU3/BN3 Tﬂﬂﬁmﬂ'ﬂmmﬁauwﬂuﬁwm =0.911
Unue

%VMA = 100 — (96.13x 2.598x 0.911) x 2.700 = 15.2

3. funauedifurvesroeinelunas i %VMA (estimated) fuas 1Aen

%VMA (estimated) = %VMAinitial + C x (4-AV)

118 %VMA initial = %VMA 11nM3a0eU51nnies

C = Anedt = 0.1 81 Va tloond1 4%= 0.2 §1 Va 110AT1 4%UNUF %VMA (estimated)
=15.2+0.1 x (4-3.87) =15.213

4. SurnlesiFuduosteshefignunuiifaeueailades VEA estimatedfimuan'id

910% VFA estimated = [100 x ( %VMA estimated - 4.0) ] / (% VMA estimated)
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UNUA % VFA estimated =100x(15.213 - 4.0 )/15.213 =73.71

neufsudeyaiilslunisdizneurinaanifizifsinasvoweaiafinneunindiuiioni
(Layer) Wearing Course

act d ad <
Isuwa Inqglosimv

Joyanld)sznoumsdiiam

1. GAG = 2.700 1. GAG =2.700
2.GAC=1.02 2. GAC=1.02
3. Bitumen Absorption = 0.25 3.GSE =2.720
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=
UNn s

azinamsIdenazverauauise

vinmsth¥aqueafladduudinsa 6070 uazSaquias it InnasundeTag
{5 Tirturan o015 Audu 3/4" Tseli faun 3/8" Tasens(project) : aundand3ilos (#34-
Souymaeu2uhnsnauLealafnaeuntadifuandeiu 2 3% Aottnsuva  uaz 33
grlosin Fumaosumede 1 %uﬁamq(Layer) Binder Course L@ 2 Gguﬁama(Layer)

Wearing Course

5.1 waildenmsnem

wai Idemnsnagy 148 ed
LauautAdSinasvesTaguauneaftadnnouniafimumseenuuulneiimnsus  wazu
Jofmua(Criteria)  vaensunevansidihumeaeuluitqlnleimd  Usingirwnned
(Criteria) ¥893 8911l

2 fulshildlusnnumguauiadalSinasidmumsesnuu Tasdsususauaz Fyplnled

1 o [ -~
N ZANAUNAIIAD
act o o,
SEIVRHIETS Fagnlosmn
o =8 A a o 28 & )
1. A1enefsnauesies 1. A1l98915nmns 93193 lngezponuuuiiv

v '
Usummsenesthunatawada 50 afymil  ina1ReNATgIU(ESALS) 92 NNSAS
N

USnumsenesmnuinuada 7safomh  Snuseuillumsuasa- Nowsigr™ Nowe
2. GM 9211111 19%1 Bitumen Absorption 2. 19 GSE wag GAC lun13M1 Gmm
211194 Bitumen Absorption
3. aumuiy ssmidedeimsuagait 3. avumuuiuii ezl 2 Ardie
wdodu Wiidumnged (C) Tumstfud - arwvuivdisnidnnnies
- arumusini ldenms Saesulleunsa
NN
A I8 2 Aezai Tl
urnwes (C) lumsdoud

4. higideBennugs 4. filsflennugs
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3y
3. gauandiadalSnesveweailadnnouniamunsaagy 1ddedl
] ¥ @ A a, 4
3.1 AUV ( Density ) WU NI UAGARI0IAT Y Gyratory Compactorvesityililes
Y v ¢ o * [ st 4
il sz nuruiunganiinsuada lngsansuya
3.2 $991191MA ( Air Void ) Wefiunumunguiveitinsiea nuh msuadano
0509 Gyratory Compactorvadisqaliefmd sz agosinomehgainiimsuadalagis
A 1 L] \ o { 1 b Q’I’ v
wsuye wazlenSeuioumgesineima Tasmsfuimnmguiiuanaeiuis 2 szwuh
o [ R y S o VoA 9 o1 t v o
MIMUIUATRITNINA  aunguHuesy)inlosmwa A1h ez daunnnimn ldnnns
o a, 4
AMUIUMUNOHRIDIITUS UHD
3.3 FoeiNIznINeyMANInIT W ( VMA ) disdamungufvesdtuisusa wudns
v 9 A as g ¥ ' v Y am 4
UABARIYATBY Gyratory Compactoryddasalilosmney Iamgeanninisundaseituisuem
3 [ (R t a d'sl 4 A 4 v o 9
3.4 dwmSumresinfignunundlsueaiod ( VFA ) I515ura WU msuadadiy
A 8 3 o . v A Y
19509 Gyratory Compactor¥0435a1iloswWguRM(Layer) Binder Course 92 1IN geNT
1 4 (3]
MIUADARIEITINTUFDUATURING(Layer) Wearing Course 3¢ Wafidiniimsundanaes
TREIL
4. MILASARIL Gyratory Compactor Yoa3sglilosmyl wilidnuazmsvasandiefungnssy
a da 4 & ' s o A @ N o
FINAATUDUOUY  FITTUANANIINIBU IS uraNTNIsURde Tnsmstassduriminnsgunniu

foudivens

5.2 YotaruBLME
& @ d [} = = ¥ o
MIANHIMIANUTURNU S NMIsaALL LT IUNTULRARARNABUAT ATENI19TD

4 o/ a o = a
furauazisglnlesmssduimunnufattusesdimsdaeinis IdinsAnsan

7
» i3 14
wasulasmin@uuazimsdnen lulseduaieg deee i
a a { Y a 4 eqqs
1. masAny Ay Tnoms wasuszsulSunumseses Idgedudiu 3 -10 Millions
14 ]
ESALs TWitqpllefiwdl sy 1 udvzAssnnsandSuiamsesinslusuumstiug fiviuan
sonuLus e Iaoandesiunusidesmuavesmsseniy
2. mstnu Iaemsiwlfeunvdsiuiuissihuesnuuumanuduiusisuieiuiu
¥ . v
fnfimenSsudsuasunawmesf ldnnmsesnuuy
d‘ ) é ¥ )
3. arsnanadanmisanuu Insnldouriavewmnasuiludszinnoun wu duuy
s a )
HOOA NULNIHALNE Slag
= [ o A ' a L
4. AnsanlFaqueafladtuuddsznduaeu Tudwedusafad lumsesnuuy
5. Ansanmidaduvinenaziliguauidves Mix idfga Taedqilnlofm

o - Aad Hq ¥ oy . Aad an s
szd 1 wdmlSsufeusuanasiangaildguauiidves Mix Nage Tnedtusuea
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MARNHIN

AAAUIN N

HANSNATB LN ANLIAYEINIAS IR TRHAANABUNIA

M & ol
ATNANINGD 1 RAMTHIVUIAAAE TINYBININTINHEILUASUINTINASIDIAIND 1%‘Uﬂ®ﬂﬁ1il

DATAIUNAUUBIIATIN Cold Bin

BIN COMBINATION

| 4
FUHIN(Layer) :  Binder Course
Tasems(project) :  auuinAsStios (#34-douUyY) AOU2

unasdae(Source):  15elaiuvaan v.033 Aiudu 3/4 13313 s 3/8"

SIEVE SIEVE % PASSING TOLERANCE
Lower
SIZES SIZES BIN1 BIN2 BIN3 BIN4 Combind limit Upperlimit
1" 25 100 100 100 100 100 100 100
3/4" 19 100 100 100 91.3 98.5 100 100
/2" 12.5 100 100 96.3 113 84.2 75 100
3/8" 9.5 100 98.4 18.9 1 66.6 60 85
#4 4775 100 29.3 0.8 0.1 46.9 35 55
#8 2.36 71.5 L5 0.2 0 314 20 35
#16 1.18 56.8 04 0 228 17 27
#30 0.6 39.7 0 159 10 22
#50 0.3 28.3 11.3 6 16
#100 0.15 214 8.6 4 12
#200 0.08 12.6 5.0 2 8
MIX PROPORTION 0 40 23 20 17
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AINAUINT 2 HAMIMIVUIANNY TINVOIUINT ’Jil‘H‘U'l‘]JtLﬁzﬁ?ﬁi’&ﬁﬁztﬁﬂmﬁaﬁl%ﬂﬂ DARNIUOATT

AUNAUYBIUINT W Hot Bin

FIRST TRIAL SACOND TRIAL
SIEVE | RETAINED | PASSING | PASSING | RETAINED | PASSING | PASSING | AVERAGE
SIZES |  (gm) (gm) % (gm) (gm) % %PASSING
#4 1074.7 100 ~ 1056.2 100 100
#8 242.9 831.8 77.4 236.6 819.6 77.6 71.5
#16 220.3 644.5 56.9 220.7 598.9 56.7 56.8
#30 184.8 426.7 39.7 180.6 418.3 39.6 39.7
#50 123.6 303.1 28.2 118.3 300 28.4 28.3
#100 74.2 228.9 213 72.9 227.1 21.5 21.4
#200 94.6 134.3 12.5 94 133.1 126 12.6
Bin2

SIEVE RETAINED PASSING PASSING

SIZES (gm) (gm) %

172" _ 2157 100

3/8" 34.5 21225 98.4

#4 1490.5 632 29.3

#8 599.6 324 1.5

#16 23.7 8.6 0.4

#30 8.6 0
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Bin3

SIEVE RETAINED PASSING PASSING
SIZES (gm) (gm) %
3/4" _ 3528 100
172" 130.5 3397.5 96.3
3/8" 2730.7 666.8 18.9
#4 638.6 28.2 0.8
#8 21.2 7.1 0.2
Bind
SIEVE RETAINED PASSING PASSING
SIZES (gm) (gm) %

1" N 4217 100
3/4" 366.9 3850.1 91.3
1/2" 3373.6 476.5 11.3
3/8" 434.4 422 1

#4 38 4.2 0.1
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f A o
AISHAUINT 3 HAMIHIVUIAAOSS INYDINIATINHNENULASUIRTINALDIAND  IFuADAATY

DATITIUNALYDINIBT I Cold Bin

BIN COMBINATION

3
FUNIMNW(Layer) :

Wearing Course
Taseants(project) :  ouudasiilos (#34-douyw) Aou 2
unaedag(Source): T3 luviuranat a.aays Auru 34" Tsaly vinu 3/8"
SIEVE SIEVE % PASSING TOLERANCE
SIZES SIZES BINI | BIN2 | BIN3 | BIN4 | Combind Lower limit Upperlimit
1" 25 100 100 100 100 100 100 100
3/4" 19 100 100 100 98.5 99.9 100 100
12" 12.5 100 100 96.5 11.6 90.6 80 100
3/8" 9.5 100 98.6 19.3 0.9 717.6 70 90
Ha 475 100 295 0.8 0.2 54.7 50 70
#8 2.36 78.6 1.6 0.2 0 36.6 35 50
#16 1.18 57.4 0.5 0 26.5 25 40
#30 0.6 414 0.1 19.1 18 29
#50 0.3 29.7 13.7 13 23
#100 0.15 204 9.4 8 16
#200 0.08 12.2 5.6 4 10
MIX PROPORTION 0 46 29 15 10
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FIRST TRIAL

SACOND TRIAL

SIEVE | RETAINED | PASSING | PASSING | RETAINED | PASSING | PASSING | AVERAGE
SIZES (gm) (gm) % (gm) (gm) % %PASSING
3/8"
44 1065.4 100 B 1048.3 100 100
48 229.1 836.3 78.5 224.3 824 78.6 78.6
#16 225.9 610.5 573 222.2 601.7 57.4 57.4
#30 170.5 440 41.3 167.7 434 41.4 41.4
#50 124.7 315.4 29.6 121.6 312.4 29.8 29.7
#100 99.1 216.3 203 97.5 214.9 20.5 20.4
#200 90.6 125.7 11.8 82.3 132.1 12.6 12.2
Bin2

SIEVE RETAINED PASSING PASSING

SIZES (gm) (gm) %

12" _ 2452 100

3/8" 34.3 2417.7 98.6

#4 1694.3 723.3 29.5

#8 684.1 39.2 1.6

#16 27 123 0.5

#30 9.8 2.5 0.1
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Bin3

SIEVE RETAINED PASSING PASSING

SIZES (gm) (gm) %

3/4" _ 3378 100
172" 118.2 3259.8 96.5
3/8" 2607.8 652 19.3
#4 624.9 27 0.8
#8 20.3 6.8 0.2
Bin4
SIEVE RETAINED PASSING PASSING
SIZES (gm) (gm) %

1" B 4364 100
3/4" 65.5 4298.5 98.5
1/2" 3792.3 506.2 116
3/8" 466.9 39.3 0.9
#4 30.5 8.7 0.2
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AT NAUINT 5 A1319LEALAT JOB MIXED DESIGN

HHUNATINTOULAZIINT 1w N93 N TTU(MATERIALS ANALYSIS AND RESEARCH)

HOT MIX DESIGN DATA BY THE MARSHALL METHOD Layer= Binder Course
Mix Proportion Hot Bin 1 : 2 : 3 : 4 (By Mass) = 40:23:20:17 Pen. Grade AC 60/70
........................... Sp. Gr. AC. (Gac)
Avg. Sp. Gr. Agg.and lfnller(Gag) = 2.702 = 1.02
——————————————————— Bitumen Absorption T
Compaction number of blows each side. = 75 x) = 0.25%
No. of Sample L-1 l L-2 L-3
% AC by Mass. of Agg. = (100*b/(100-b)) (a) 450 4.50 4.50
% AC by Mass. of Mix. = (100*a/(100+a)) (b) 431 431 431
% Eff.AC by Mass.of Mix = b-x(100-b)/100 (¢) 4.07 4.07 4.70
Sample Height. mm. (d)
DENSITY
Mass. in air gra. (e) 1,247.1 12443 1,246.6
Mass. sat.surface dry gm. (f) 1,248.7 1,246.2 | 1,248.5
Mass, in water gm. (g) 7305 729.6 730.8
Butk Volume ml. = - (h) 5182 516.6 5177
Bulk Density gm./ml. = (e){(h) 2.407 2.409 2.408
Average Density (i) 2.408
VOIDS ANALYSIS
Volume AC % Total = (c)*(i)/Gac (€3] 2.6 2.6 2.6
Volume Agg. % Total =[(100-(b)] (i)/Gag (k) 85.1 853 85.3
VMA % =100 - (k) (L) 14.8 14.7 14.7
14.7
Air voids % =M-() (m) 5.2 5.1 5.1
5.1
VFA % =100*() /(1) (n) 65 65.3 652
65.2
STABILITY
2560 2620 2580
2,587
114 11.7 11.5
Average Stability 12.0
FLOWS 12.0 13.0 12.0
12.0
mm 3 33 3
Average Flows mm 3.1
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No. of Sample L-1 l L-2 I L3
%% AC by Mass. of Agg. = {100%5/100-b)) (a) 5.00 5.00 5.00
% AC by Mass. of Mix. = (100%2/(100+a)) (b) 4.76 4.76 4.76
% Eff. AC by Mass.of Mix = b-x(100-b)/100 (c) 452 452 4.52
Sample Height. mm (d)
DENSITY
Mass, in air gm. (e) 1,248.1 1,246.6 | 1,249.0
Mass. sat.surface dry gm. (f) 1,249.0 1,248.0 | 1,252.7
Mass. in water gm. (g) 732.8 732.6 7325
Bulk Volume ml = (D-(g) (b) 516.2 515.4 516.2
Bulk Density gm./mi. = (e)/(h) 2418 2419 2.420
Average Density (i) 2.419
VOIDS ANALYSIS
Volume AC % Total = (c)*(1)/Gac (€3] 10.7 10.7 10.7
Volume Agg. % Total = [(100-(b)} (i)/Gag (k) 85.2 853 85.3
VMA % =100- (K (1) 14.8 147 147
14.7
Air voids % =)-@§) (m) 4.1 4.0 4.0
4.0
VFA % =100*G /1) (n) 72.6 72.7 729
727
STABILITY T
Meas Lbs 2660 2650 2680
2,663
KN 11.8 11.8 11.9
Average Stability 12.0
FLOWS Meas 1/100 12.0 12.0 130
12.0
Meas mm 3 3 33
Average Flows mm. 3.1
No. of Sample L-1 l L-2 { L3
% AC by Mass. of Agg. = (100*b/(100-b)) (2) 5.50 5.50 5.50
% AC by Mass. of Mix. =(100*a/(100+a)) (b) 5.21 5.21 5.21
% Eff.AC by Mass.of Mix = b-x(100-b)/100 (¢) 4,98 4.98 4.98
Sample Height. mm. (d)
DENSITY
Mass. in air gm. (e) 1,250.5 1,2505 | 1.254.0
Mass. sat.surface dry gm. (f) 1,251.5 1,251.0 { 1,254.3
Mass. in water gm. (g) 735.7 736.2 7383
Bulk Volume ml. = (f)-(g) (h) 5158 514.8 516.0
Bulk Density gm/ml. = (e)(h) 2424 2429 | 2.4%
Average Density (i) 2.428
VOIDS ANALYSIS
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—

Volume AC % Total ={(c)*(1)/Gac (i 11.8 11.9 119
Volume Agg. % Total = [(100<b)] GYGag (k) 85.0 85.2 853
VMA % =100 - (k) (1) 15.0 14.8 14.7
14.8
Aur vouds % =(1)-~Q) (m) 3.1 29 2.9
3.0
VFA % =100 *() / (D (n) 79.1 80.1 80.4
79.9
STABILITY
Meas Lbs 2670 2750 2780
2,733
KN 119 122 124
Average Stability 12.2
FLOWS Meas 1/100 130 13.0 L 14.0
13.0
Meas mm 33 33 3.6
Average Flows mm, 34
No. of Sample L-1 L-2 ] L3
% AC by Mass. of Agg. = (100¥b/(100-b)) (a) 6.00 6.00 6.00
% AC by Mass. of Mix. = (100*a/(100+a)) (b) 5.66 5.66 5.66
%% Eff. AC by Mass.of Mix = b-x(100-b)/100 (¢) 542 5.42 542
Sample Height. mm. (d)
DENSITY
Mass. it air gm. (e) 1,252.6 1,259.0 | 12589
Mass, sat.surface dry gm. (f) 12528 1,2592 1 1,259.7
Mass. in water gm. (g) 738.6 742.5 7423
Bulk Volume ml. = (H-(g) (k) 5142 5167 517.4
Bulk Density gm./ml. = (¢)/(h) 2.436 2.437 2.433
Average Density (1) 2.435
VOIDS ANALYSIS
Volume AC % Total = (¢)*(i)/Gac (i) 13 13.0 12.9
Volume Agg. % Total = [(100<(b)] (i)/Gag (X) 85.1 85.1 85.0
VMA % =100~ (k) H 14.9 149 15.0
14.9
Air voids % =(1)-() (m) 2 2.0 2.1
20
VFA % =100*() /(1) (n) 86.7 86.8 86.0
86.5
STABILITY
Meas Lbs 2810 2840 2780
2,810
KN 125 12.6 12.4
Average Stability 12.5
FLOWS Meas 1/100 140 15.0 13.0
14.0
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Meas mm 3.6
Average Flows mm, 3.6
No. of Sample 1-1 1-2 L L-3
% AC by Mass. of Agg. = (100*b/(100-b)) (a) 6.5 6.50 6.50
% AC by Mass. of Mx. = (100%a/(100+a)) (b) 6.10 6.10 6.10
% Eff. AC by Mass.of Mix = b-x(100-b)/100 (c) 5.87 587 587
Sample Height. mm. (d)
DENSITY
Mass. in air gm. (e) 1,261.3 1,262.1 | 1,252.7
Mass. sat.surface dry gm, (f) 1,261.9 1,262.3 1,253.1
Mass. in water gm. (g) 742.6 7424 736.5
Bulk Volume ml = (f-@) (k) 5193 5199 516.6
Bulk Density gm./ml. = (e)(h) 2.429 2428 2425
Average Density (i) 2427
VOIDS ANALYSIS
Volume AC % Total = (¢)*(i)/Gac ) 140 14.0 14.0
Volume Agg. % Total = [{100-(b)] (i)/Gag (k) 84.4 84.4 84.3
VMA % =100 - (k) 1) 15.6 15.6 15.7
15.6
Air vouds % =B~ (m) 1.6 1.7 1.8
1.7
VFA % =100%() /(1) (a) 80.6 89.3 88.7
89.2
STABILITY
Meas Lbs 2710 2690 2660
2,687
KN 12.1 120 11.8
Average Stabitity 12.0
FLOWS Meas 1/100 150 14.0 15.0
15.0
Meas mm 38 3.6 3.8
Average Flows mm. 3.7
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46:29:15:10  Pen, Grade AC 60/70

i

Mix Proportion Hot Bin 1: 2 : 3 : 4 (By Mass)

Avg. Sp. Gr. Agg.and Fillef(Gag) = 2.700 Sp. Gr. AC. (Gac) = 1.02
Compaction number of blows each side. = 75 Bitumen Absorption (x) = 0.25%
HHUARI D VUALIAT1ZNAINNTIMMATERIALS ANALYSIS AND RESEARCH) Layer = Wearing Course )
No. of Saruple L-1 L-2 L L-3
% AC by Mass. of Agg. = (100*b/(100-b)) (a) 4.50 4.50 4.50
% AC by Mass. of Mix. = (100%a/(100+a)) (b) 431 4.31 431
% Eff.AC by Mass.of Mix = b-x(100-b)/100 (c) 4.07 4.07 4.07
Sample Heght. mm. (d)
DENSITY
Mass. in air gm. (e) 1,246.3 1,246.0 1243.4
Mass. sat.surface dry gm, (f) 1,249.4 1,248.7 1.245.1
Mass. in water gm. (g) 7302 729.3 726.4
Bulk Volume ml = (f)-(g) (h) 5192 5194 518.7
Bulk Density gm/ml. = (e)/(h) 2.400 2399 2397
Average Density (1) 2.399
VOIDS ANALYSIS
Volume AC % Total = (c)*i)/Gac (6D 9.6 9.6 9.6
Volume Agg. % Total = [(100(b)] (i)/Gag (k) 85.1 85.0 85.0
VMA % =100 - (k) [€D)] 14.9 ) 15.0 15.0
15.0
Air vouds % ={-{) (m) 5.4—[ 5.4 j 5.5
54
VFA % =100 *(G}/ (D (n) 64.1 I 63.9 j' 63.6
63.9
STABILITY
Meas Lbs 2560 2540 2520
2,540
KN 11.4 11.3 11.2
Average Stability 113
FLOWS Meas 1/100 12.0 12.0 11.0
i 12.0
Meas mm 3 3 2.8
Average Flows mm. 3.0
No. of Sample L-1 L-2 L-3
% AC by Mass. of Agg. = (100*b/(100-b)) (a) 5.00 500 5.00
% AC by Mass. of Mix. = (100*a/(100-+a)) (b) 476 476 476
% Eff AC by Mass.of Mix = b-x(100-b)/100 (c) 4.52 452 452
Sample Height. mm. (d)
DENSITY
Mass. 1n air gm. (e) 1,251.2 1,248.3 1,251.3
Mass, sat.surface dry gm, (f) 1,254.8 1,249.5 1,252.4
Mass. in water gm. (g) 734.2 730.8 7328
Bulk Volume ml = (H-(g (h) 520.6 5187 519.6

-63 -




Bulk Density gm./ml. = (e)/{(h) 2.403 2.407 2.408
Average Density (i) 2.406
VOIDS ANALYSIS
Volume AC % Total = (c)Xi)/Gac a4) 10.7 10.7 10.7
Volume Agg. % Total = [(100-(b)] (i)/Gag (k) 84.8 84.9 84.9
VMA % =100 - (k) (1) 15.2 151 15.1
15.1
Air voids % =M~ (m) 4.6 l 4.4 J 4.4
4.5
VFA % =100*G) /(D (n) 70.0 W 70.6 j 70.9
70.5
STABILITY
Meas Lbs 2680 2650 2670
2,667
KN 119 11.8 11.9
Average Stability 11.9
FLOWS Meas 1/100 11.0 12.0 13.0
12.0
Meas mm 28 3 33
Average Flows mm. 3.0
No. of Sample 1 L2 r L-3
% AC by Mass. of Agg. = (100*b/(100-)) (a) 5.50 550 550
% AC by Mass. of Mix. = (100*a/(100+a)) (b) 5.21 521 5.21
% Eff.AC by Mass.of Mix = b-x(100-b)/100 (¢) 4.98 498 498
Sample Height. mm. (d)
DENSITY
Mass. 1 air gm. (e) 1,257.6 1,251.1 1,253.1
Mass. sat.surface dry gm. (f) 1,257.9 1,251.2 1,253.6
Mass. in water gm. (g) 737.6 7338 735.6
Bulk Volume ml. = (-(g) (h) 5203 517.4 5180
Bulk Density gm./ml. = (e)/(h) 2417 2418 2.419
Average Density (i} 2.418
VOIDS ANALYSIS
Volume AC % Total = (c)*(iyGac ) 11.8 11.8 11.8
Volume Agg. % Total = [(100-(b)} (i)/Gag (k) 84.9 84.9 84,9
VMA % =100 - (k) [€)] 15.1 15.1 15.1
15.1
Airvoids % =(@)-G) (m) 34 [ 33 ] 33
33
VFA % =100 *() /(1) (n) 71.9 l 78.1 T 733
78.1
STABILITY
Meas Lbs 2640 2680 2730
2,683
KN 11.7 11.9 12.1
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Average Stability 11.9
FLOWS Meas 1/100 120 120 13.0
12.0
Meas mm 3 3 33
Average Flows mm. 3.1
No. of Sample L-1 1 L-2 L-3
% AC by Mass. of Agg. = {(100*b/(100-b)) (a) 6.00 6.00 6.00
% AC by Mass. of Mix., = (100*a/{(100+a)) (b) 5.66 5.66 5.66
%% Eff AC by Mass.of Mix = b-x(100-b)/100 (¢) 5.42 542 5.42
Sample Height. mm. (a)
DENSITY
Mass. in air gm. (e) 1,253.4 1,251.4 1,249.7
Mass. sat.surface dry gm. (f) 1,254.6 1,252.7 1,250.6
Mass, in water gm. (g) 738.2 736.8 734.6
Bulk Volume mt. = ()-(g) (h) 5164 5159 5160
Bulk Density gm./mt. = (e)/(h) 2427 2.426 2.422
Average Density (i) 2.425
VOIDS ANALYSIS
Volume AC % Total = (c)*({i)/Gac () 129 129 129
Volume Agg. % Total = [(100-(b)] (i)/Gag (k) 84.8 84.8 84.6
VMA % =100 - (k) (1) 15.2 15.2 15.4
15.3
Airvoids % =-G) (m) 23 I 23 25
2.4
VFA % = 100 %)/ (D) (n) 85 T 84.6 8.8
84,5
STABILITY
Meas Lbs 2750 2690 2670
2,703
KN 12.2 120 11.9
Average Stability 12.0
FLOWS Meas 1/100 13.0 14.0 13.0
13.0
Meas mm 33 3.6 33
Average Flows mm, 34
No. of Sample L-1 L-2 L-3
% AC by Mass. of Agg. = (100*b/(100-b)) (a) 6.50 6.50 6.50
% AC by Mass. of Mix. = (100*a/(100+a)) (b) 6.10 6.10 6.10
% Eff AC by Mass.of Mix = b-x(100-b)/100 (c) 5.87 5.87 5.87
Sample Height. mm, (d)
DENSITY
Mass. in air gm., (e) 1,254.6 1.248.7 1,250.7
Mass. sat.surface dry gm. (f) 1,255.7 1,249.6 1,251.4
Mass. in water gm. (g) 736.4 7334 733.6

-65~




Bulk Volume mt. = (H-(g) (k) 5193 5162 517.8
Bulk Density gm/ml. = (e)/(h) 2.416 2.419 2.415
Average Density (i) 2417
VOIDS ANALYSIS
Volume AC % Total ={c)*(i)/Gac () 139 13.9 13.9
Volume Agg. % Total = [{100-(b)] (i)/Gag (k) 84.0 84.1 84.0
VMA % =100-(k) (1) 16.0 159 16.0
16.0
Air voids % =0-( (m) 2.1 ( 20 L 2.1
21
VFA % =100 *(3) /(1) (n) 87.0 [ 877 l 86.9
87.2
STABILITY
Meas Lbs 2750 2780 2720
2,750
KN 12.2 124 12.1
Average Stability 12.2
FLOWS Meas 1/100 14.0 15.0 13.0
140
Meas mmn 3.6 3.8 33
Average Flows mm. 36
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MINRUINT 6 SwnziBeavosfeudeiishldnaaenTaedTaplnlofmd (N =220)

Binder Course Wearing Course
Aou fou fou fou Aou fiou
Bousotha | feduil | fieduiiz | fetis | Faeduiil | deduiz | faedeia
Feluomn
(g 12475 12512 1252.2 1249.4 1252.3 1250.3
Fohuh (2 756.2 757.5 759.9 755.8 756.4 754.4
Budmuis
(g) 1245.9 1249.9 1253.1 12503 1252.5 1251.8
% AC by
vimin 4.90 5.10
densitykg/m3 2493 2487 2468 2456 2456 2428
ATUTI(NN.) 63.9 64 64.5 64.8 64.8 65.6
AV %(850) 433 4.57
VMA
%(nAL) 15.08 14.99
VFA%(1n38) 73.48 73.31
Wt. ofAgg.
(%) 433 457
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AMANUIN V.
LA Q’J U o =
wamimaanqmmmm‘lﬂmmmqmmmaﬂmnﬂaunm

¥4 Binder Course Uas 1M Wearing Course

[ ] 14
MINHUINT 1 udaawamsnadounauiana ljvesiaguouieaidadnaeunsedu  Binder

Course Ipsamineafiemeananme ouwlaeiniilos (#31-00UyY) Aou 2

5183 ﬂ'1°7';“lﬁ'mn’iﬂq B HHATBIN TN
WETY wa
susafadiosnuus st minyeauias i % 43 3.0-6.5
AenuMUHRLUUINS uYa gml 241 -
FOITNOIMA (AV)% 43 3-6
FBIINIENINOYNIAUBINIATI (VMA)% 14.7 >13
qiminﬁgmmuﬁﬁ'wuaﬂﬂaﬁ (VFA)% 71.0 65-75
AnadesmmILUIISUYa  Ibs 2560 > 1,800
s anuumnduya  0.0lin. 12 8- 16
AnddesA/AINT Ia  1bs/0.01 in. 213 > 160

[ v 14
MINEUINT 2 udewamsnageugaauiani lvesiagwauueaflodneuniaduwearing

Course Insemsneadramenanme ouuinad13tios (#31-80UyT) Aow 2

3183 mitldontag | dedmuavesnsuma

Wery wa

Aueafladissnuuy nstimiinyeaasiy % 5.1 3.0-6.5

AMANUHULMNLIUINS IYa g/ml 2414 -

¥4I 481MA (AV)% 3.8 3-6

FBITNILHINOYNIAYINIATI (VMA)% 14.8 > 13

Foshefignunuiidsueaitad (VEA)% 74.0 6575

fuadusnmuuuInuYa  Ibs 2740 > 1,800

f1n13 mauuunsuya  0.0lin. 12 8-16

ANTDETAW/AINTT I 1bs/0.01 in. 228 > 160
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AMINEUIAN 3 udassanInageunuauiana lvesYaguauueaasaouns aduBinder

Course TAseMsAoadsnnads me ouuiadiaiivios (#31-00UY) Ao 2

Y

570M13 ﬂ'ﬁ‘;‘lﬁ'mnﬁ'ﬁqwau VoMHUAYDINTH
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