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Evaluation of Mix Design for Asphalt Mixtures by Bailey Method
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Abstract In general, there are needed lots of time and experiments for determination of optimum asphalt content
and mix design. The experimental results are highly depended on the skill of testers. Bailey suggested the proper
aggregate gradation of hot mix asphalt are a fucntion of special size and passing percent of the speicifed aggregate
to reduce the test errors. In this paper, the asphalt mix designs of 19mm dense graded mix and PA-20mm for FHWA
were carried out, using Bailey's method. The use of Bailey method can cut down the testing times to get the proper
aggregate gradation for asphalt mix design. In case of 19mm dense graded asphalt mixture, the measured values of
CA, FA., FA; are 0.724,, 0.440, and 0.455, which are within the suggested values by Bailey. Also, in case of PA-20
graded asphalt mixture, the measured values of CA, FA., FAr are 0.646, 0.476, and 0.450, repectively.

Key Words : Aggregate Gradation, Bailey Method, Dense Graded Asphalt, Primary Coarse Aggregate
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[Fig. 1] The Four Bailey Method Principles
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[Fig. 2] Two-Dimensional Aggregate Packing Model
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[Table 1] Primary Control Sieve Size

Mixture NMPS NMPS x 0.22 w
Sieve
37.5mm 8.250mm 9.5mm
25.0mm 5.500mm 4.75mm
19.0mm 4.180mm 4.75mm
12.5mm 2.750mm 2.36mm
9.5mm 2.090mm 2.36mm
4.75mm 1.045mm 1.18mm

Note: NMPS = Nommal Maxinum Particle Size
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[Table 2] Guidelines for Coarse-Graded Mixs

375 | 250 | 190 | 125 9.5 4.75

CA 0.80- | 0.70- | 0.60- | 0.50- | 0.40- | 0.30-
Ratio 095 | 085 | 075 | 0.65 | 055 | 045

FA.
Ratio 0.35-0.50
FA;
Ratio 0.35-0.50

NMPS : Nominal Maximum Particle Size

CA : Coarse Aggregate, FA : Fine Aggregate

FA; : ratio of the fine part of the fine fraction to the total
fine part of the fine fraction

[# 3] AE= 2FE8 74
[Table 3] Guidelines for Fine-Graded Mixs

o 0.35-0.50
Kk 0.35-0.50
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0.92mm, TCS= 0.20mm o]ct. ZF7Fe] =17]9] sfgsh= F S5 A AYEES(FHWA)Y W28 =
=49 T %E ZobAl, CA, FA,, FA{E A7ty F ol8F Aot} & 49} FURE WS ]85t
ZHAE CA, FA., FAL= 0.457, 0.693, 2 0.1760]c}. ZA i ol Agkel SAYEE BHEIL, ofATE
H e # 29 7Ed vaskloh st =4 4 E3HE AIES Al vl ol ATE ERkEY 3
CA 9l FAr grol H91E Hlofwlth 24 Y=olAl= 13k oA E FE2 6%, OFATE TES AEIHE
ZoA BEA7F H BEO EiH|ES 95mm (68%),  1.949, o|ZH| W% 2.534, TIE 24.7%, ZAN=E
4.75mm(50%), 1.18mm(27%), 0.15mm(8%)2 ZA3}5  (VMA) 32.2%, OFATE L3} (VFA) 23.4% 5 Uebytch
ok 12} o T AL S A 2R AHE
CA, FA., FAfZ= 0.563, 0.540 9 0.296° 2 7|&HYE [E 5] PA 20mm(8]<=24)) HigHd ARl =
Hojdh o2 ALt 3xEE 9.5mm (71%), [Table 5] Optimum Gradation of Mix Design
519 —
4.75mm(50%), 1.18mm(22%), 0.15mm(10%)2 ZA3}5] FR o3 A PA 20mm)
A A l =z
th. AAFE CA, FA,, FAZ»: 0.7_24, 0.440 9 04558 7]& A=) st nd Final Spec.
TE USSR, o] =R Atk 23 25 100 100 100 100
H WU EE o] &sto] vk AIE Al & 19 98 98 98
HOIATE Jhghe 5.2%, ofATE Z3HE0] AR IH|F 125 66 66 66 35-100
, 9.5 49 50 52 40-55
o|EZZ| ] l;E. 0, —J—X
2422, ol2HHHE 2506, 4%, == 4.75 21 20 21 16-30
(VMA) 15.6%, OFAZEZSHE(VFA) 75.4%2 UEbgth 2.36 155 15.5 15.5 12-23
1.18 10-18
[E 4] 2% 19mm w4 Y% 0.6 10.5 10.5 10 8-15
[Table 4] Optimum Gradation of Mix Design 0.3 75 75 7.5 7-13
__ 0.15 55 55 55
Z3E 19mm Dense Graded Mix 0.078 45 4.5 4.5 7-12
REM Ist 2nd Final Spec. NMPS 19 19 19
(mm)
25 100 100 100 100 :
Half Sieve
19 97 97 97 90-100 (mm) 95 95 95
12.5 76 80 85 PCS(mm) 4.18 4.18 4.18
9.5 65 68 7 56-80 SCS(mm) 0.92 0.92 0.92
4.75 49 50 50 35-65 TCS(mm) | 0202 | 0202 | 0.202
2.36 37 37 37 23-49 CA 0549 | 0.600 | 0.646 0.6-0.75
1.18 34 27 22 FA. 0.500 | 0500 | 0.476 0.35-0.5
0.6 17 17 17 FA; 0.524 | 0450 | 0.450 0.35-0.5
0.3 10 10 10 5-19 Gumb 1.949
0.15 6 8 10 G 2.534
0.078 4 4 4 2-8 AirVoid(%) 24.7 20% o)A
NMPS(mm) 19.0 19.0 19.0 VMA(%) 322
Half Sieve VFA(% 23.4
(mm) 9.5 9.5 9.5 (%)
PCS(mm) 4.18 4.18 4.18
SCS(mm) 0.92 0.92 0.92
TCS(mm) 0.20 0.20 0.20
74
CA 0457 | 0563 | 0724 | 0.6-0.75 4. 2E
FA. 0.693 | 0540 | 0440 | 0.35-0.5
FA¢ 0.176 | 0296 | 0455 | 0.35-0.5 WOl%E 19mm OFAME EIET nolHlE 2 o] A]
o 2 Aloket vl 2 EqHEol thsto] Bailey WS o-&
AirVoid(%) 4.0 4% sto] HAYUEE AL, ofATE T35 uidhd A
VMA(%) 15.6 o ARANE AESH] o2 22 AES EEIIGTh
VFA(%) 75.4
— (%.of half — %.PCS) _ %.508 _ %.TCS 1) Bailey HFHL- 0]23} ol ATIE 3329 Igol e
CcA= 00— %.7C5 FAc= %.PCS PA; =5 cre (1) Bailey ¥ 0]8-3h of B= 0 1)

Half Seive = NMPS*0.5, PCS=0.22* NMPS

SCS=0.22* PCS, TCS=0.22*5CS
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zA5}Ac}. AAME CA, FA., FAr= 0.646, 0.476
0 045002 7|ZZES vlEStATh  HidRA] ok 0] 2t S(Kwan-Ho Lee) (M3
ZE ZHE9 FHFHOIATE FHE2 6%, ok
E Z3EY ZHIHIF 1949, o]EFYd=
2534, LIE 24.7%, ZATFLE(VMA) 32.2%,
O} ATE EFFE(VFA) 23.4%2 LERGT.

<_TL]—/\] =] O}:>
=228 9l zukysk

—

E

* 1991 29 : uEu BEEY
gk (FEHIAD

e 1996 129 : wu]=+ Purdue
Univ. Civil Eng., (F&HMp

e 20064 9% ~ AX . APT=
ot AUBATIE 25

References

[1] Vavrik WR, Pine WJ, Huber H, Carpenter HS, Bailey <THA]Hol>
R., "Bailey Method for Gradation Selection in HMA Lg2gst 9 Aget
Mixture Design", Trasportation Research Board, National
Research Council, Washington, D.C (Presentation), 2002.
[2] AsphaltPro Magazine, "Bailey Method Offers
Technicians Volumetric Control", pp. 24-25, January,
2009.
[3] Pine, WJ, "The Bailey Method -Achieving Volumetrics
and HMA Compactability" Course Materials and
Handout,, 2005.

4836




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


