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Stabilizing Recycled Asphalt Pavement with Large Aggregate
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Abstract

This research studied the properties of recycled asphalt
pavement (RAP) from Highway No. 12 in the control area of 0201
Mae Lamao - Tak, between km. 74+000 to km. 76+607. The
properties were improved by mixing aggregate materials. 1 inch
(25 mm.) limestone, which is the largest size of aggregate in
pavement design. AC60/70 grade asphalt cement binders were
used to determine the properties of remaining asphalt cement
in recycled asphalt concrete materials and determine the
appropriate amount of asphalt cement in the mixing ratio. From
the test, it was found that the appropriate amount of asphalt
cement, for used in designing the mixing ratio was 0.8%. Then,
the mix ratio designing was made in accordance with the hot
mix asphalt concrete design standard, using the Marshall
method according to Department of Highways standard DH-S
408/2532, by mixing 1 inch limestone aggregate at the mixing
ratio of 4, 6, 8 and 10. The results of the performance test, by
using stability and flow tests, showed that the aggregate stability
became higher, the less aggregate materials ratio. And the flow
rate decreased as the aggregate mixture ratio increased. The test
results are within Department of Highways standards ’s
acceptable value. Bringing recycled asphalt concrete from old
pavements, to improve their properties for reuse, by 1-inch (25
mm) large aggregate ratio designing, not only helps to alleviate
the growing shortage of natural resources, a problem affecting
the construction industry, it but also reduces the carbon
emissions generated by construction materials produced from
quarries or mills, Complying to local and national policies. And
complying to the BCG Economy Model, at Circular Economy
aspect, which emphasizes utilization of various raw materials,
throughout their life cycle. And reuse waste materials to create

various products, especially high-value industrial products.
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Percent Strength Index (Min.) 75
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Sample No. 1 2 3
Density
Mass in Air gm 1168.0 | 12.1.1 1180.4
Mass in Water gm 681.3 700.2 687.5
Mass Sat. Surfaces Dry gm 1173.3 | 1204.3 | 1183.4
Bulk Volume cm? 4920 | 504.1 | 4959
Bulk Density gm/cm® 2374 | 2383 | 2380
Average Density gm/em? 2.379
Voids Analysis
Volume AC % Total 9.9
Volume Agg % Total 84.9
VMA % 15.1
Air Voids % 5.21
VFB % 65.5
Stability
Measurement Ib 4065 | 5210 | 4223
Adjusted Ib 4431 5419 4603
Average Ib 4818
Flow
Measurement 0.01 in. 6.00 7.00 7.00
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Blows 75 75
Stability Min (lb) 4818 (1500)
Flow 0.25 mm (0.01 in.) 6.7 8-16
Percent Air Voids 5.21 3-6
Percent Voids in Mineral 15.1 13
Aggregate
(VMA) Min.
Stability/ Flow Min. (lb/ 0.01 in.) 723 (125)
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Sample No. 1 2 3
Density
Mass in Air gm 1200.7 | 1193.1 | 1197.1
Mass in Water gm 703.4 | 699.1 | 701.6
Mass Sat. Surfaces Dry gm 12019 | 1195.6 | 1199.1
Bulk Volume cm?® 4985 | 4965 | 497.5
Bulk Density gm/cm? 2409 | 2403 | 2.406
Average Density gm/cm? 2.408
Voids Analysis
Volume AC % Total 10.0
Volume Agg % Total 85.9
VMA % 14.1
Air Voids % 4.1
VFB % 71.1
Stability
Measurement b 4741 | 5390 | 5286
Adjusted b 4931 | 5606 | 5498
Average Ib 5394
Flow
Measurement 0.01 in. 10.0 100 | 11.0
Average 0.01 in. 10.1
Stability/ Flow b/ 0.01 in. 533

A19°9% 6 HanINAdBUANANTRTaRNIATIN RAP Souay 100 Inewawidn

Uszanuviseueailanduniusunusesay 0.8

Namﬁnﬂﬁa‘uLlﬁ'ﬂuﬂaumummg'm na.-4. 410/2542
5185 floudlagne Binder Course
Blows 75 75
Stability Min (lb) 5394 (1500)
Flow 0.25 mm (0.01 in.) 10.1 8-16
Percent Air Voids 4.1 3-6
Percent Voids in Mineral 14.1 13
Aggregate
(VMA) Min.
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‘ Stability/ Flow Min. (lb/ 0.01 in.) ‘ 533 (125)

HanInAdeUANaNTRveIanIIaTINME TN TWYad wuitian
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Inadnduluauinsgruiliuead ad aeunini oonuuud
Usgansnmnisldaueglunasinnsgu uinnaziilufiansanld
numsFenhmseseunuaNRmunsTdnudu ey Wudu

vdanilduiinaeseailadfiuudingn AC 60/70 fmanza
Topflendorar 0.8 Mnduinisdmuaunaesiivanzaulungy
Fegsii 3

ngufetned 3 1ungusegradily RAP luniseenuuu Tnedl
mMaviinfanauiiuyurunn 1 i (25 fadiune) Wushadrunay
Adnsdudenas 4, 6, 8 uaz 10 Tnegimiin ﬂduﬁaaﬂwﬁlﬂﬁﬂ%mm
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< wa v ad '
A13199 7 HANITNAFBUANANUANITNAABUAILIS Marshall vaangu

feeen 2 Seway 4

Sample No. 1 2 3

Density
Mass in Air gm 12452 | 12425 | 1243.0
Mass in Water gm 732.9 729.4 732.1
Mass Sat. Surfaces Dry gm 1248.8 | 1249.5 | 12459
Bulk Volume cm? 515.9 520.1 513.8
Bulk Density gm/em® | 2414 | 2389 | 2419
Average Density gm/cm?® 2.407

Voids Analysis

Volume AC % Total 10.0
Volume Agg % Total 85.9
VMA % 14.1
Air Voids % 4.1
VFB % 71.1

Stability
Measurement lb 4934 3513 4026
Adjusted b 4934 | 3513 | 4026

Average Ib 4157
Flow
Measurement 0.01 in. 14.0 11.0 11.0
Average 0.01 in. 12.0
Stability/ Flow b/ 0.01 in. 346

o va v aa '
ANTNN 8 HANIINAFBUAUAUUANITNAFDUNIYIT Marshall ¥89nqY

o819l 2 Sevay 6

Sample No. 1 2 3
Density
Mass in Air gm 1266.2 | 1266.6 | 1264.6
Mass in Water gm 746.5 745.1 742.5
Mass Sat. Surfaces Dry gm 1273.6 | 12689 | 1269.8
Bulk Volume cm? 527.1 | 5238 | 527.3
Bulk Density gm/em® | 2402 | 20418 | 2.398
Average Density gm/cm? 2.406
Voids Analysis
Volume AC % Total 10.0
Volume Agg % Total 85.9
VMA % 14.1
Air Voids % 4.1
VFB % 70.8
Stability
Measurement lb 3947 | 4223 | 3592
Adjusted b 3789 | 4054 | 3448
Average b 3764
Flow
Measurement 0.01 in. 11.0 12.0 13.0
Average 0.01 in. 12.0
Stability/ Flow b/ 0.01 in. 314
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A5199 9 nan1snAaaUAMANURNITNAADUAI87T Marshall 293ng Bulk Density gm/cm? 2396 | 2.430 | 2411
Fogafl 2 Sevay 8 .
Average Density gm/cm 2.412
Sample No. 1 2 3
Voids Analysis
Density
—— Volume AC % Total 10.0
Mass in Air gm 1291.8 | 1290.0 | 1296.3
Volume Agg % Total 86.1
Mass in Water gm 760.9 759.3 766.0
VMA 0
Mass Sat. Surfaces Dry gm 1295.7 | 1294.8 | 1304.4 % 139
Air Voids 9
Bulk Volume cm? 5308 | 5355 | 5384 % >
VFB % 72.1
Bulk Density gm/em® | 2415 | 2409 | 2.408 ’
5 Stability
Average Density gm/cm 2.411
Measurement b 3631 | 4065 | 3592
Voids Analysis
Adjusted b
Volume AC % Total 10.0 3301 5781 3196
Average Ib 3451
Volume Agg % Total 86.0
Flow
VMA % 14.0
Measurement 0.01 in. 11.0 12.0 11.0
Air Voids % 39
Average 0.01 in. 11.3
VFB % 71.8
Stability/ Flow lb/ 0.01 in. 305
Stability
Measurement lb 3631 | 3513 | 3868
. A51e# 11 wansvndeunnaLTRTANNATI RAP fiSaTduNaNsNae
Adjusted lb 3486 | 3267 | 3597 . R v
Yesdanuiasiuiuug 1 i3
Average b 3450 NaN1TMAHRUSBUTIBUNINGEIU Na.-). 410/2542
Ysunudadiuvasianulasiuiiu
Flow .
g3 Binder | %3uay | %owar | Yowar | Yowuas
Measurement 0.01 in. 11.0 12.0 11.0 Course a 6 8 10
. Blows 75 75 75 75 75
Average 0.01 in. 113
Stability Min (lb) | (1500) | 4157 | 3764 | 3451 3450
Stability/ Flow b/ 0.01in. 304 Flow 0.25 mm 8-16 12 12 113 113
(0.01 in.)
Percent Air Voids 3-6 4.1 4.1 3.9 3.9
A1579f 10 nan1snAgeuAuaNtAn1Tadaun1838 Marshall veangu Percent Voids in 13 14.1 14.1 14 13.9
Frog1ait 2 Sevay 10 Mineral
Sample No. 1 2 3 Aggregate
(VMA) Min.
Density Stability/ Flow (125) 346 314 304 305
— Min. (lb/ 0.01 in.)
Mass in Air gm 1304.5 | 1318.8 | 1317.7
Mass in Water gm 768.1 | 779.6 | T76.4 fasanranmsvageunnauTRvesianuIasI RAP finauiiuyy
Mass Sat. Surfaces Dry gm 13126 | 13223 | 13229 U 1 99 (25 fadwns) Weeldorsueaiadfuusinsn AC 60/70
Wulanussauiu3unasnsdiudosas 0.8 meisunsurad wui
Bulk Volume cm? 5045 | 5427 | 5465 - - Y y -
nsnianuiasiniuvrn 1 §andnsdiunaniosas 4 lagumiin
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agliAnaiosnm (Stability) gl 4157 Lb. Amslvash (Flow) agil
12 USunaesindluenia (Air Void) og#l 4.1 Fudulumminasi
1INTFIUVBINTINIIMAN Wil iiloRnsanmaiiuuSinuiag iy
(Limestone) asludnsadiunandanuiasiu RAP fisnsdudonas 6,
8 uay 10 wuinAnadosnImanadeydi 3764, 3451 way 3450
AINAIAY ﬁwamauﬂﬁmﬂwaﬁaﬁamma&ﬁ 12,12, 11.3 wag 11.3
a1y AuTinatesiilueinieegi 4.1, 4.1, 3.9 uaz 3.9 uans
JufleuUiinaiagunasuiuyurug 1 fudluluadiunan
sgvilirafiosnmuaznisinadanas udnuandafivinnisnaaey
faaseglunausininsgiunaz Yanivunlun1seenuuy Recycled

Asphalt Concrete
4. @ajuna

nnsvaaeuRuatALeailadaeuninnauToumeiBinsuad
9nTanuInTIN RAP 119 3 naudaeee Tiun nqudiees RAP 7
Usu Sesay 100 LiduianUssauvSeusailad@iuud nquiieeng
Fanunasau RAP §nndiudosas 100 AduTanuszanuniowoadlad
Funusinga AC 60/70 wagngudiedna RAP Mifnianuiasiudiuyu
Yun 1 97 (25 adwng) fsnsdiudesas 4, 6, 8 uay 10 laeiile
NTUAUANTRAII7IINNITNAFBULAD NUTINITOBNRVURINA
woailadnaunindetaninasin RAP fidhsdiunaudosas 100 Tag
nsiANgsLeaTladduiingn AC 60/70 fidasnduienas 0.8 axlH
Anadiosnwiiganinfaqueaiiadaouniniildainianuiasiu RAP 7
Liiduaguszany uazTanueaiiadreundaiiduiaguiasiuiiuyy
g 1 7 isnsdrusieg Iiaadesnmeiiaslungudegans
NAAOU

faudndegueaiiadnauninnauiouneBusuadvesian
178574 RAP finauianiasiufiuyuiisnsndiusosas 4, 6, 8 uas
10 9gfANIINaeUANaNUARINITNITAFEUNNTWYaE wazinoel
Farnunaves Asphalt Hot-Mix Recycling wafigadidasiinluiios
v09U58ans Amnnstdaudius ug fafusaasinisvageu

UsEANS A MNS LU AN 8

5. doldusuuz
ASHANTaUSEENSNNNSIgUATL Moisture sensitivity 2

A1INAEBYU Strength index
AnAnTsNUsENA

vevauaudinummani 4 an finganeynsizideya
wariag vevounmaIvITaInssulesIuatd windon auz
Aennssumans uminerdomeluladsiausnadiuuimn fingantd
ANueYATITanIuTiuaziAd eale TuisgUnsailunsnadeunas
AEINUITY WAZUBVRUANUIENG YN TUNLI ULaTUNAIITIIN

antdu Ingandslunmssndunsludunsusinsuesnuide
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