=y

HansTNUvBIgIMgiiinane dusMW Uaz M3 1MD YOI

THE EFFECT OF TEMPERATURE ON STABILITY AND F)

OF ASPHALT CONCRETE
WinTIngns Wutg st 50360890
wiAnslen gy W 50360583
wafinyy Tmidund  aviar 50365789

Wagniwusiidudumiisvesnsiiommmingasfigaininssumansiudia
-y =] -] (=}
' ininnssulom madviinnssulum

ANLIANINTIUANT VNI NYITEWIIAIT

— Umsdaw 2553
HosayanaImnssumand

iminndousms S 2289 4 9w




4 o
Yorivelnsany

frndiulnssanu

MfInmlasanu
-
I
-
MAI

UYmadnw

TuuseanlSggninus

ada ' - 4
ﬂﬂﬂis'ﬂ'ﬂﬂUQQN”Q““”NﬂﬂBIﬁﬂUiﬂ‘lW Ilﬂzﬂ‘]i‘l"a“ﬂ‘nlﬂﬁﬂﬂﬂ

fABUNTA

wwassignd Wuig se¥et 50360890
Wi lyn agqy 5Yiel 50361583
wsansonyy Tmidun$  5¥d 50365789

o <
owsdygma ilsly
0350 Tom)

Sen3Ta ot angdmnssumans unInndouises

2553

2 ¢ = o sy =y = o ¥ 1 &
augimnssuaans wniinndouses eylaliSygriveiaduiidiudanmil

veansinmumangasimanssusirastadin a1vimnssn lem

“anlinuilasenu

(or107130ygywa iy 1o)

IUTTUTOTRITIY . LU NFIUNII

o o [ =
(B3URANSA MOUUUN )

P

@swmannoidas.adnsel medivmedy)

nNITUNII



—_—

A v v add | = o
'ﬂﬂ‘“?\lﬂiﬂ‘l\“‘lu Nﬁﬂix'ﬂ'ﬂ\lﬂqQﬂl'ﬂqu'ﬂuﬂﬂﬂﬂlﬂ'ﬂﬂiﬂ‘lﬂ uﬂzﬂ'ﬁ‘lﬂﬁﬂﬂ\“lﬂﬂﬁﬂﬂ

o
AOUNTA
o I'a g o o a
gaudivintsnu WIUMTINGNT Ausg THE 50360890
wwims lyn oy TWE 50361583
wmlSonyw Tniduns  5¥dr 50365789
d
afinuiasenu esiygna iHlyly
a1 Frnasnlon
NMAIN sranssulos augdmanssunaad yminodousag
Umsfinen 2553

de ¢ A ada ] P}
Tssniliriagssasdifiofnunansenuvosqungiinlinado@desnIv uasns
ol ad
aususailagnounia 99 1doonuuunismansmqunutd Tiinsnunugamgiivi 3o,
40, 50 1Az 60 parn newihidoudiet1an ldmaneuguauia Aulatosnm(Stabiliy) uaz
S 4
msmaFiow) 1aud1189910 ¥1ATINVEINTUNINGI (NA.-N, 604/2517) HINTBOAULY
o =1 A:ly o 1o a g W oW w a d
woaHadnounialunilldTaquonsavein Tsalufiufaigh dunenoandsuy IMIAGATARG
HOMINATBY Qungiilinane Midhosnin tazmms inaveaoaianneunia wuh do
=y J 1 =l i e J J
sungiigaiiu AuaBuinmesanns fio iquingil 30, 40, 50 UAZ60 B Anadramiinuiiy
w = 4 ' 1 an
2,695 2,540 2,410 Az 2,343 Lbs. ATud1#y Auadusmniinldou livosudazyriquugiina
] »
fha 5.75%, 5.12% ing 2.78% veamalAuumlasveasuafiosnimianua uazamduiug
1 = W [} A = ]
sewingamgiitumanuannselums lua (Flow) ngamgii 30, 40, 50 1Az 60 83N AN
= 1 r ] A oy J I
Inafiduilu 9, 10, 11 uag 13 (1/100” Flow) AA1AY uaaIduiloquugugIvy a1
d 4 &
anuamsnlums nafezidm
ad | a
PARAMINATEY HaRsEnIegungifiinadeidoam uasnts Tnavesueailad
w oA ad & 2
aountaRanan amnseagdid desnngungiingeinhliliueafladunfeuniasau
o A wyy & o
ity anamnsolumstamzAuvesoynnusaasanas e TATnhminusayn
a i ] A
oaHladneuniasaiamialoalddw ilesnniinnuannselums Inoge dewald

Hd
ANNAINIO IUMTTNIIMINUSTNVBININIINADS

v



i

Project title The effect of temperature on stability and the flow of asphalt concrete.

Name Mr, Narongrit Panpoo Code 50360890
Mr. Pattharachok Yoosuk Code 50361583
Miss Priyanoot Maijan Code 50365789
Project advisor Mr.Boonphol  Meechaiyo
Major Civil Engineering
Department Civil Engineering,Faculty of Enginecring Naresuan University
Academlc year 2010
Abstract

This project aims to study the effect of temperature on stability and the flow of asphalt
concrete. This experiment is designed to find property to control the temperature at 30, 40, 50 and
60 degrees before to take asphalt concrete sample were tested property Stability (Stability) and
flow (Flow) based of standards of the Department of Highways (De.-d. 604/2517), the design of
asphalt concrete aggregate materials from Sila U-D  Stone Mill, Thong San Kun
district, Uttaradit. The result of test, temperature affects the stability and the flow of asphalt
concrete when the temperature was higher, The stability is reduced at 30, 40, 50 and 60 degrees,
the value stable is 2,695 2,540 2,410 and 2,343 Lbs., The change stability of each temperature
range, representing 5.75%, 5.12% and 2.78% of change value of all stability. And the relationship
between temperature and the ability to flow (Flow) at 30, 40, 50 and 60 degrees, the flow is set to
9, 10, 11 and 13 (1 / 100 "Flow), indicating that at higher temperatures the flow will increase.

The results showed the effect of temperature on stability and the flow of the asphait
concrete can be concluded that because higher temperatures cause the asphalt coated aggregate
more liquid, The ability to grip each of the mass of the particles decreased. When the load Asphalt
concrete is caused to easily slip. Because the ability to flow much, it is the cause of the ability of

the surface payload is decreased.
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v A o - o A 1 d
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[
w

»
¢ = ¥aiminlnigm)

(DU NN (Stability) aonmannsolumsiuimines s I8 lac lifasesdense
Aiandy wiefinalfounlasgilin daliein@y mﬁusmw‘umuaﬁﬂaﬁ'ﬂﬂun‘%'m'fuag'ﬁ'u
anudsaniuniolu nazusdalszauseniteymaveanasa anundeanudusain
LINAUANIAYEINIATIY F918ua ylsveyminveanas dnvasrIiioy vew uie
YJUTLUBIAIDYNINVBINIATIY dnusdalssmufnnnnguaniaveweniladlunista

mzeaymavennas i liaaiu 1daioa nasawesnnudoanu uasisdamessnin



50

[} o ] < A A 1 A ar s
oyninveandas szdufleaiuhildeyninvennasufamandeuidudsiunasiu

A as o
@ethimrinvessurinuzinnszi

»
o o
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fulu AV =VMA-j (2.4)
de  AV— 90339017 (%)

VMA = $097195EMTHBYMIAYENINTINGS)

i =sasaniSinunaenilon AC (60/70) (%)
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1 ] :l 4 1
Fovinfignunifidioueniladneunia (Voids Filled With Bituminous , VFB) ity

& ] 1 ' 1 - a L] o o
wiliwesresinserineymaveunaia Tavdludnfueailtadnounindssininauisg

oy
fntu vEB= ((100%)) / VMA) (2.6)

& v d i
dle  VFB=devnafignumufidavuedilod (%)

VMA = 59371938198 AIAYBINIDITIN (%)
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Specilic Gravily of Hot 3in | Retained # 200 : GB = 2.664 cGA = 2764
Passing K 200 : GA = 2737
Sp.Gr. Ble: 100

{ RE200 / GBE200 } + { PR20O GAKID
= 100
(14.1/2.764}+(85.9/2 664)

= 2.678
Specilic Gravily of Hot Binz  Relained #4 GB = - ; GA = -
Passing #4 : OB = - :GA - -
Sp.Gr. Blend 100

( RA4 1 GBH4 ) + { PR/ GA#A

LIME&] Binl Din 2 Bin} Bin 4

CEMENT] (B1} 1) (B3} (B4)
Bulk Specific Gravity {GB.) 2.678 2.704 2781 2723
Apparent Specilic Gravity {GA) 2.764 2.7161 2.719% 2.753
Flakiness Index (F.1) - - 1 -
Elogation Index (L1} - - 1 B
%% Passing Sicve # 4 {r) 100.¢ .0 0.1 1.9
Mix Proportion {H) 45 22 17 16
Apparent specific Gravity Blenc = 100

(CM{GA CM) + (HBY /GAT) + (HB2 / GA2) + {HB2 7/ GA) + (HB4 / Ga.
Blend GA = 2.161
Bulk specific Gravily Blenc = 100

(CM/GA.CM) + (HBI1 7 GBI) + (HB2 / GB2) + (HB3 / GB3) + (HB4 / G-
Blend GB. =

I

2708

Flakiness Index of Tolal Agg FL2 {100-P2)HB2 + F1.3 (100 - PAYHBI + FL4 (100 + P4) HB

(100 - P2} 11B2 + (100- PX) HIB3 1 (100 - P4) HD:
= %
Elogation Index of Total Agg. = E{.2(100-P2) HB2 + E1.3 (400 - P3) HB3 + £1.4 {100 + P4) HB-

(100 - P2) HB2 + (100 - P3) HB3 + (100 - P4) HB-

- %
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Specific Gravity Test

Sample ot Bin | Passing # 20C

Source  MAN. NedAWIRA

Pycnometer No.

Contlalner No

Wi Pycnometer + 3SD.Samplc = - E Wi.Conttalner + Ty Samplc = 4260 p
Wi.Pycnometer ' = - E Wi.Conlialner = 2310 p
WI.SSD.Sample = B 4 Wi.Dry Sample = 1950 g
Determination No. 1 1 2 3
Temperature nc 50 40 s
Density of water {Dt) g/ml. 09881 | 0.9922 | 09941
Wi Pycnomeler + Water + Samph {(Wi)e 782.3 7835 784.5
Wi.Pycnomeler + Waier {W2) g 657 13 | 65895 | 659.74
Bulk Sp.Gr. (Oven - Dry Basis
GB.(1C} = DBxDL
A+ W2-W|
GD.(30C =GB.1C)
0.9957
Apparen Sp.Gr.
GA.(L1C) = BaDn 2.751 2746 2,760
B+ W2-WlI
GA (30C =GALLC) 2.751 2.758 21
0.9951

Average GB. - =

Averape GA. = 2764

% Absorption = A-Bx 100 = -
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Specific Gravity Test
Sample  Hot Bin 1 Retained # 20(
Source  Mun. ARFwIAA
Pycnometer No. 2 Conttalner No. 2
Wt.Pycnometer + S5D.Sample = 6600 g Wi.Conltalner + Dry Samplc M3 g
Wt.Pycnometer = 1610 g WeContlalner 2530 g
Wi S50 Sample = 4930 p Wi_Dry Sample = 4883 g
Delermination No. 2 I 2 3
Temperature mc 45 40 35
Density of walei (DL) g/ml. 0.9902 | 0.9922 | 0.9941
WePycnometer + Water + Sample . (Wi)g 965.5 966.0 966.5
Wi Pycnometer 1 Water {(W2ip 655.0 655.6 656.4
Bulk Sp.Gr. {Oven - Dry Basis
Gih. (1 C) = Bxilw 2.650 2.653 2.655
AT W2-WI
GB. (30C =GB (1C) 2.661 2.664 2.666
09957
Apparent Sp.Gr.
GA.(LC) = DBxDt 2127 211 2725
B+W2-WI
GA(30C =GA.(uC} 2.739 2,135 2.737
0.9957
Average GD. = 2604
Average GA. = 2737
% Absorption = A-Bx Il = 100
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SPECIFIC GRAVITY AND ADSORFTION OF COARSE AGGREGAT

Sample HOT BIN I, 11§, 1Y Weanng Courss
Source
Weight of sample GDB GA % Abs
SAMPLE inovendry| inSSD, | immersed A A (B-A}* 100
condilion(A Jcondition(B] in watelC)|  (B-C) {A-C) A
No. | 796.5 802.5 508.7 2,711 2.768 0.75
HOT BIN No. 2 7425 7483 473.2 2.699 2757 0.18
2 Ne. 3 8235 829.7 525.0 2.703 2,759 0.5
No. 4 -

Tolal 23625 23805 1506.9 2.704 2.761 0.76
No. | 1084.5 1086.5 697.2 2.785 2.800 0.18
HOT BIN No. 2 1123.0 1125.5 7227 2789 2.805 0.22
3 No. 3 1276.0 12778 BI7S 2772 2,783 014

No. 4
Total 34835 34898 22374 2.781 2796 18
No. 1 12716 1176.8 809.2 219 2750 0.45
HOT BIN No. 2 14855 1492 4 946.7 2321 2.757 0.46
4 No.3 1345.0 1349.3 356.2 2728 2,752 032

No. 4
Tolal 41021 41185 2612.1 2.723 2.753 0.40
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Hot mix design dat n_hy The Marshall Method

Mix Propotion ot Binh:2:3:4 45:22:17:16 { By Weight ) Pon.Grade AC60-T70
Avp Sp.GrAge. And Filler ( Gag) = 2708 Sp.GrAc { Gac) =1.02%
Compaction, number of blows =73 blows Bilumen Absorplion(x) =025 %
No. of Samplc I 2 l 3 ] 2 I 3 I 2 3
4 AC by Wet. OTAze.  (a) 450 5.00 5.50
va AC by Wit O Mix [} 4.31 4.76 521
%a EIT. AC by Wy of Mix {c} : b-(x(100-B)/100} 407 4.52 4.97
Spee Het. in{d} 1 2 3 ] 2 3 1 2 3
DENSITY
Wiin air pm. {c) 1249.} 12510 12440 12548 1251.0 12550 12540 1256.5 1251.0
Wi sal surface dry . {h 125040 12522 1246.5 12565 12525 1256.6 1235.5 12575 1252.0
Wiin wator e (g) 7301 7292 312 1397 1172 7395 1422 743.0 7392
Bulk Volume ml. (h}: g 5193 5230 515) 516.3 515.3 LIFA 5133 5145 51238
Bulk Densily pm/ml. (1) :ch 2.406 2.392 2414 2423 2428 2427 24493 2442 2440
Averape Densily 2.404 2428 2442
VOID ANALYSIS
Volume AC %5 Tonal ). c"Gac 96 10.8 e
Volume Ape % Toial (k) : (100-b)l/Gag 849 854 B85S
VMA G iy 100k 154 H6 14.5
Adr Voids % {mi:ij 52 R¥:1 26
VFB % (nh: 10B4 616 4.0 821
STABILITY
Meas. Lbs 247 2250 2243 2340 2¥50 20 lél" M p2iutH
Adjust Lbs \
Axernape Subilny 47 2)43 2512
FLOWS
Meas. 111067 il 10 1] 12 1 12 13 13 14
n 12 13

Anerage Flow
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ol mix design data by The Marshall Method

Mix Propotion Hot Bin | :2:3:4 45:22:17:16 { By Weight) Pen.Grade ACG0-70

Avg. Sp-Gr.Agg. And Filler { Gag } = 2708 Sp.Gr.Ac.{ Gac) =10M%

Conpaction, number of blows = 15 blows Bitumen Absorplion{ x} =025 %
No. of Sample ' I 2 | 3 I | 2 —I 3 1 ! 2 3

v ACby Wel.OfAge.  (a) 6.00 6.50

Ya ACby Wt OfMix  (b) 5.66 6.t0

% EMM. AC by Wet of Mix (c) : b-{x(100-b)100) 5.42 5.36

Spee Het. in{d) 1 2 3 1 2 3 1 b4 3

DENSITY

Wi air g {e) 12580 1256.0 12515 12699 12750 12630

Wi sat sunface dry em. {0}

12595 1257.0 1253.0 1271.0 12160 1264.5

Wit in waler pm. (g) 59 Ta44 427 7527 752.2 749.7
Bulk Volume mh (h): ¢ 5116 5126 5103 5183 5238 5148
Bulk Density emsml (1) : eh 2.9 2450 2451 2450 243 2453
Average Density 2.450 2.446
VOID ANALYSIS
Volume AC % Total {3):¢*1Gac 130 141
Volume Aup % Toral (k) : (100-6)1/Gag 85.4 348
VMA % 0100k 145 152
Air Voids % {m):1} LS 1.1
VFB % ) 1001 8122 9238
STABILITY
Mcas. Lbs 2543 2554 2556 252 2550 2535
Adjust Lbs
Average Suability 2550 2512
FLOWS
Meas. MHOO 1) 14 14 15 i5 15
Average Flow 14 15
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Fiot mbt design data by The Marghall Metbod

Mix Propotion Mot Bin1:2:3:4 FLS OFHT ( By Weight) PenGrad: ACS0-10
Avg SpGrAge And Filler (Gug) = 2m8 SpGrae{Gac) = L%
Cormpaction, muesber of blows =7 bw Biumen Atsaptim(x) = 025 %
0 em da8am 508im

Mo of Syemphe HIERE IR T 3 HIERE
% AChy Wgt OfAge. (s} 5.00 3.00 100 5.00
% AChy WL OfMEx  {b) 4% % 7% 47
5% EIL AC by Wyt of biix {c} : b-(a(100-b¥100) 152 152 as2 452

Spec Hat n(d) 1 2 3 1 z 3 1 2 3 1 2 1

DENSITY
Wi sir o () 12342 | 12510 | s2ss0 | 12sas | nasie | 1asso | wzsas | 1200 | 12sso | azses | 12510 [ 12550
Wt maface dry = O 2565 11518 V1564 L156s 12514 1 11566 11565 [PLlY 4] 12565 12565 L2528 11566
Wi water o (g o7 | o2 | nes | mer | maz | mes | mea | maz | mes | mer | w2 | s
Bulk Volune ml ():fg s168 | sisa | semt | siem | sisa ] simr | stas | sisa ] soa | swes | w3 | osion
Bulk Deasity em/nl (}: b 240 | 2o | 24z | 2am | zam ] 2477 | 24m | 242 | 24w | 2 | 2428 | 240

Average Demsity 2418 2478 2418 2428
VOID ARALYSIS
Vohie AC % Toual () c"ifue 108 108 108 1as
Volmmt Agg % Toal () : (100-E)Gag w4 54 B5A 854
WMA % {D: 100k 144 146 146 146
Air Voida % ()1 H 2 18 32 18
VFB % : 100 Mo 0 HO o
STABILITY
Mear Lbs 200 | ams | 2340 | 2350 | 2600 | mr0 | 2345 | zass | 200 | 230 | 2350 | 240
Adjet Lba

Average Subdity 2605 7540 2410 B
FLOWS
Meax 1A100° 9 9 10 10 " 10 o 1) [P} 12 n 7]

Averge Flow 9 1o " 12
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Source Hot Bin 910 Plant

Tsa T a1 4.7 o nosnauiu vgasand

Sample No . of

Abrasion Test of Coarse Aggregate

by Los Angeles Machine

‘ Material HU 374 Norminal size
Grading B Number of revolations
Number of abrasive charges 1 Weight of charges gm.
Sieve size Acoumulative
Passing Relained on Weight of sample
3/4" 2 2,500 gm.
12" 3/8" 2,500 gm,
Original weight of sample ( W1} 5000 gm.
Final weight of sample { W2 ) 3819 gr.n.
Loss { W1 -W2) 1181 gm.
Percentage of wear  { W1 -W2 )x 160 % 23.6 %
! wi
Abrasion Test of Coarse Aggregate
Sand Equivalent Test.
AASHO Deslingnation : 176 - 56
Sample Sand Clay S.L. = Sand Readi x 100 %
No Reading | Reading Clay Reading
] 34 5.1 67 %
2 33 53 62 %
Average 65 %
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Source Hot Bin 910 Plant Tsaliiitu fa1 ¢4 o.noaandu v gashan
Sample No . of

Abrasion Test of Coarse Apgregate

by Los Angeles Machine

Material wuimar Nominal size
Grading B Number of revolations
Number ol abrasive charges 11 Weight of charges gm.
Sieve size Acoumulative
Passing Retained on Weight of sample
3Mar /2" 2,500 gm.
12" 3/8" 2,500 gm.
Original weight of sample ( W1 ) 5,000 gm.
Final weight of sample { W2 ) 3,850 gn;.
Loss (W1 -W2) 1,150 gm.
Percentage of wear (W] -W2)x 100 % 23.0 %
Wi
Abrasion Test of Coarse Aggregate
Sand Equivalent Tesl.
AASHO Desingnation : 176 - 56
Sample Sand Clay S.E. = Sand Readi x 100 %
No Reading | Reading Clay Reading
| 34 5.1 67 %
2 33 53 62 %
Average 65 %
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SIEVE ANALYSIS OF AGGREGATE

Malerial ﬁlll'!\l Sample No of
Source CodBinby 1saliiiu fia1 p.A o.nowmaud™ v.gasAng
Sieve First Trial Second Trial Average
Sizes Retained pm{ Passing gm.| Passing % | Retained gm| Passing gm.| Passing % Passing
g" - 5 3 - % - -
4 Y 11582 100.0 - 1152.7 100.0 100.0
H8 2823 8759 756 2383 8239 7.5 73.6
#ie 326.8 549.1 47.4 2725 551.4 47.8 47.6
#30 186.1 3630 313 196.2 355.2 30.8 311
# 50 1ol 252.9 218 98.4 256.8 223 221
#100 528 200.1 173 65.3 151.5 16.6 17.0
# 200 16.3 i183.8 159 510 140.5 122 14.1

Pan 183.8 s - 140.5
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SIEVE ANALYSIS OF AGGREGATE
Material i yg- Sample No of
Source Cold Binby TsaTiifin a1 2@ n.noanmuiin v.gasAnd
Sieve First Trial Second Trial Average
Sizes Retained gm| Passing gm. Passing % | Rclained gm| Passing gm.| Passing % Passing
12" - - - - - - -
38" 3 1483 100.0 - 1865 100.0 100.0
4 992 491 334 1326 539 289 31.0
#8 447 44 3.0 480 59 32 3.1
#le 10 34 23 5 54 2.9 2.6
Pan 34 - -
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SIEVE ANALYSIS OF AGGREGATE

Malerial iz Sample No of
Source Cold Binby  Tsahifiu fin) g a.neanauin v.gasaad
Sieve First Trial Second Trial Avcrage
Sizes Retained pm| Passing gm.{ Passing % | Relained gm| Passing gm.] Passing % Passing
" - - R - 3 - 8
34" 5 2704 100.0 - 2800 100.0 100.0
- 230 2474 955 323 2477 88.5 90.0
38" 1860 614 2'2.7 1875 617 220 22.4
#1 610 4 0.t 612 5 0.2 0.1
i3 1 3 0.1 1 4 0.1 0.1
Pan 3 - ) 4 - 1 -
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SIEVE ANALYSIS OF AGGREGATE

Material PRI Sample No of
" Source Cold Binby  Tsaliiu fin . e.moanauiu v.gasdnd

Sieve First “Frial Second Trial Average

Sizes Relained gm| Passing gm.] Passing % | Rclained gm| Passing gpm.| Passing % Passing

4" 230 5542 26.0 190 5721 96.8 96.4
17 5020 522 9.0 5227 494 84 87
318" 316 15 25 329 165 28 2.7
H4 55 91 1.6 k1| 134 23 1.9
Pan 91 - v 134 - - -
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