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KOMKORN CHAIDACHATORN : UTILIZATION OF RECY CLED
ASPHALT PAVEMENT ASAGGREGATES IN ENVIRONMENTAL-
FRIENDLY CONCRETE APPLICATIONS. THESISADVISOR : PROF.

SUKSUN HORPIBULSUK, Ph.D., 124 PP.

MORTAR/CONCRETE/RECY CLED ASPHALT PAVEMENT/AGGREGATE

This research is to study the utilization of recycled asphalt pavement (RAP) to
replace the natural aggregate in mortar and concrete. The investigations on the
strength development and microstructure change have been presented by varying the
mix proportion of mortar and concrete containing RAP. The variation of strength of
mortar and concrete containing RAP is the key study of this work. Research and data
collection are divided into two parts:

The first part investigated the strength development of cement mortar (CM)
containing RAP as fine aggregate replacement for natural sand by means of strength,
X-ray diffraction, and scanning electron microscopy (SEM) tests. The effect of RAP
replacement ratio, water to cement ratio (W/C) and curing time on strength
development was evaluated. RAP had noticeably higher water absorption at saturated
surface dry (SSD) state and slower rate, of absorption than sand. The additional water
to be compensated for the SSD state, remained as the free water in the mix after
hardening. The RAP replacement at an optimum ratio of 25% increased the
cementitious products and compressive strength for low w/C of less than 0.5, which
was insufficient for cement hydration. The RAP replacement caused the most
significant porosity and the lower cementitious product and compressive strength for

high w/C of more than 0.5. The modified w/C has presented as the combined water



(w*), defined as the sum of reacted water (w) and after-hardening unabsorbed water
(wuy). The hydration retardant effect due to bitumen was considered in the
development of the extended water to cement ratio law for prediction of strength
development in RAP-CM. The outcome of the first part will facilitate the mix design
of RAP-CM at various RAP replacement ratios, w/C ratios and curing times.

The second part introduced the effect of replacement of fine and coarse
aggregates by RAP on the compressive strength concrete. The investigations on the
mix proportion of concrete containing RAP was presented. The compressive strength
of concrete tends to decrease with the increase of RAP replacement in natural
aggregates. The reduction of cementation products due to free water and asphalt
bitumen causes a decline in the strength of concrete containing RAP. However, the
modulus of resilience of concrete increases according to the RAP replacement. The
extended water to cement ratio law was used to explain the strength development of
concrete containing RAP. The design guideline for concrete containing RAP has also
been presented in this work, based on the conventional approach by ACI 211.1. This
design approach was verified by previous works from the literature. The new findings
from this-research will promote the mix design of concrete containing RAP as an
aggregate replacément, for moving towards increased ‘applications of recycled

materials in a sustainable manner-in civil engineering construction.
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RAP without
Properties Test method Sand RAP
Asphalt *
Fineness modulus ASTM C136 2.38 391 3.80
Specific gravity (G,) ASTM C128 2.62 2.66 2.82
Density (kg/mS) ASTM C29 1,647 1,442 1,632
Water absorption (%) ASTM C128 1.15 2.56 2.31

* Determined by the extraction method recommended by McDaniel and Anderson (2001)
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ci 4 = ~ 4
MA1T9N 3.2 24A152NOUMUANVDI FINUA NIY 11ag RAP

Chemical formula (%) Cement Sand RAP
MgO 1.86 N.D. 4.39
ALO, 4.71 6.01 12.99
SiO, 24.14 92.06 53.20
SO, 5.54 0.15 3.89
K,0 0.51 0.40 0.99
CaO 58.95 0.31 7.76
Fe,O, 3.61 0.66 14.40

Remarks: N.D. Not detected
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MIMaeNIURIBEINFNUANDT AT INANINATIIM ASTM C109/C109M-16a (2016)
Tﬂamm«jné’mn’hul{wiac?muﬁﬁwdw 0.40 £4 0.70 LALPATIAIUTIMUAADNIATINALIDEA
WA 1 2 2.75 1IN Fine RAP Tu37a3 958z i8ea553 @R 208z 25 50 75 192100
Tasinninveaniasinaziden fred1anagouiilunsignuIiuLIa 50x50x50 Haawua s
m3oud0e 19 FIUAND ST lundazMInadoUT UL 5 10019 AD | AIUNEN HEIIN
snl1) 24 $2 TuaneanuueenudHedaIALf A IS UIaz ue 1 dau g e szeznm
Tumstuwiiny 728 waz 60  Ju Lf}ﬂgffl?)EiN‘ﬁﬂ3’]J®1Qﬁ1u1ﬂ6ﬂllﬁiuﬁuﬂﬁiu§uﬂﬂﬂ
e Favuta (0319 017 nazge) nazdainin udrSmagouidedadioinieq Universal
Testing Machine (UTM) U118 600 11 1ail 261 muanA3§11 ASTM C 109 dadaunauiifnyn

Y v
U IeULAAIIUAITIN 3.3

M13199 3.3 daaIupaw

Absolute amount (g)

Sample ID Dry Dry Reacted Compensated w/C
Cement
sand RAP water (w) water (w,)
MO0.40R0* 100 275.00 - 40 3.14 0.40
MO0.40R25 100 206.25 68.75 40 4.18 0.40
MO0.40R50 100 137.50 137.50 40 5.21 0.40
MO0.40R75 100 68.75 206.25 40 6.24 0.40
MO0.40R100 100 = 275.00 40 7.27 0.40
MO0.45R0* 100 275.00 ] 45 3.14 0.45
MO0.45R25 100 206.25 68.75 45 4.18 0.45
MO0.45R50 100 137.50 137.50 45 5.21 0.45
MO0.45R75 100 68.75 206.25 45 6.24 0.45
MO0.45R100 100 - 275.00 45 7.27 0.45
MO0.50R0* 100 275.00 - 50 3.14 0.50
MO0.50R25 100 206.25 68.75 50 4.18 0.50

MO0.50R50 100 137.50 137.50 50 5.21 0.50
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M135199 3.3 daduNay (10)

Absolute amount (g)

Sample ID Dry Dry Reacted Compensated w/C
Cement
sand RAP water (w) water (wg,)
MO0.50R75 100 68.75 206.25 50 6.24 0.50
MO0.50R100 100 - 275.00 50 7.27 0.50
MO0.60R0* 100 275.00 = 60 3.14 0.60
MO0.60R25 100 206.25 68.75 60 4.18 0.60
MO0.60R50 100 137.50 137.50 60 5.21 0.60
MO0.60R75 100 68.75 206.25 60 6.24 0.60
MO0.60R 100 100 - 275.00 60 7.27 0.60
MO0.70R0* 100 275.00 . 70 3.14 0.70
MO0.70R25 100 206.25 68.75 70 4.18 0.70
MO0.70R50 100 137.50 137.50 70 5.21 0.70
MO0.70R75 100 68.75 206.25 70 6.24 0.70
MO0.70R100 100 - 275.00 70 7.27 0.70

Remarks: * Control mortar
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a ' S Ao ' S 4 A o
M1319N 3.4 mmsllwaeummmWsmamm’mmm%mu@ma 9

Percentage Percentage Flow

Sample ID w/C of sand by of RAP (%)
weight by weight

MO0.40R0* 0.4 100 0 0
MO0.40R25 0.4 75 25 0
MO0.40R50 0.4 50 50 0
MO0.40R75 0.4 25 75 0
MO0.40R100 0.4 0 100 0
MO0.45R0* 0.45 100 0 9.90
MO0.45R25 0.45 75 25 12.24
MO0.45R50 0.45 50 50 23.54
MO.45R75 0.45 25 75 34.33
MO0.45R100 0.45 0 100 43.56
MO.50R0* 0.5 100 0 21.78
MO.50R25 0.5 75 25 35.21

MO0.50R50 0.5 50 50 51.56
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M9 34 ﬂ1ﬂ1§]11/iaell’0\1Nﬂi@ni‘ﬂ@ﬁi"Iﬁ’J‘LlHW]E’J‘%mJHGW]N 9 (919)

Percentage Percentage Flow

Sample ID w/C of sand by of RAP (%)
weight by weight

MO.50R75 0.5 25 75 63.43
MO0.50R100 0.5 0 100 84.15
MO0.60R50 0.6 50 50 110.45
MO.60R75 0.6 25 75 132.30
MO0.60R100 0.6 0 100 142.57
MO.70R0* 0.7 100 0 135.44
MO.70R25 0.7 75 25 145.03
MO0.70R50 0.7 50 50 ok
MO.70R75 0.7 25 75 ok
MO0.70R100 0.7 0 100 ok

Remarks: * Control mortar, ** Large flow which cannot be measured by apparatus of ASTM C23
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Specific gravity (G,) 2.62 2.71 2.54 2.59
Unit weight (kg/m’) 1,669 1,490 1,442 1,372
Water absorption (WA, %) 1.15 0.55 2.56 1.43
Abrasion Test (%) - 20.31 - 15.50
Asphalt content (AS, %) - - 8.10 4.64

a a A 1 @ = Y a % =
HUTTTUBIRLDE Coarse RAP 3Jﬂ111]ﬂaﬁﬂ’ZﬂiJﬁ%!@ﬂﬂiﬂa!ﬂﬂﬂﬂuﬁiuﬂﬁﬂﬂ 4.1 Iﬂﬁl

]
[ =

A 3 v A 2 a 4 I Y
Coarse RAP ummmnaﬂuamummmﬂuﬁuuweaﬁ Coarse RAP Lﬂu')ﬁﬂﬂ‘lﬂﬁmﬂﬂTﬁ
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waswneglunguilsznnulIaswIuIARe (Single-sized aggregate)

Y

N3 191az Fine RAP I1nun293 1m1z151nga190u 0.09 ualiainsgaduiiaeiy
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v v
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iWhesdlsenounandslasm lliunzseadtmiiniviindnniuusuiluesnlsznon
VBIWIATINTITUHIA
AMINATDUNIAINITAIUNIUMTANNTOU (Abrasion resistance) Y9INIATINHL TAY
IBMsnaaevasaeuIae (Los Angeles test) WUINAIMTAIUNIUMNMTANNIOUVOITULIAL
(Y] o § <3 1 [
Coarse RAP 1M1 U3p8az 2031 1ag 15.50 aud1ay Fauanaliisiudl Coarse RAP a1
= [ o‘ 1 a d' Y 4
MITNATOUAINNVOINIATINHEIUTIINYIA 11109910 RAP Usznev ldreerqusailad
IAADUNAIVDINIATINFIFAANITANNTOUINNNTLUIUNTEUNA TUAITNATD VA ALB U AT
d! a 9y a o = . d! 1 9 = 1
FIA 5005019 1991051801 1398 1 UeAA Neville (1995) FINUINNTAIUNIUMITNNTOU
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YOIWIATI AU unazRuDzyoadtiu Jnuanaenuiieauanios 90U ANULANAINUDY
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INABUNHIVOY Coarse RAP N13N3ZIIWUUIAADZUBINIATINNG 4 Uszinnuaaanagilii 4.3
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100
r RAP Replacement (%) /
| —@— RAPFine25% /
g0 L —A— RAPFine50% /
| —4&@— RAP Fine 75% /
| — —  ASTM C33 Upper Bound /
| — —  ASTM C33 Lower Bound
:\c} L
~ 60 -
ber L
= -
% i
5 40
& L
20 [
O- ! Lol |/| Ll 1 Lol 1 11
0.01 0.1 1 10 100
Particle size (mm)
3'1]‘?] 4.3 ﬂiW\lLLE"fﬂ\‘]ﬂ'ﬁﬂig%18%@\1@1;{!5]1@‘1/]518“@% RAP
d‘ J =\ o
A1319N 4.2 BﬂﬂﬂigﬂﬂﬂﬂNLﬂNﬂJ@\‘]’Jﬁﬂ
Chemical formula (%) Cement Sand Limestone RAP
MgO 1.86 N.D. 1.32 4.89
ALO, 471 6.01 1.50 12.99
SiO, 24.14 92.06 3.25 53.20
SO, 5.54 0.15 - 3.89
K,0 0.51 0.40 0.26 0.99
CaO 58.95 0.31 65.40 7.76
Fe,O, 3.61 0.66 1.28 14.40

= [ 4 Y
W : N.D. e ldenansania 1a

i’Nﬁﬂi%ﬂ’rJ‘]JVINl,ﬂidJ‘Ui’JQiJ’Jai’JllLL@%“TSL?JUG?@HJ‘JJ"IGH?WU ASTM C188 (2015) 3NWA

o H a o
NMINAADYU XRF (X-ray Fluorescence) l!ﬁﬂ\iﬂ\‘]@nﬁ’]\iﬁ 4.2 Njﬁﬁ')ﬂﬂﬁ']ﬂ‘ﬁﬁiﬂslf']ﬂﬁ@@ﬂul%ﬂ

@ F4 an . a o A [~ 1 g‘ A a
waniszneulidle $an (Sio,) azeqiil (ALO,) iesnnidunsiewiiNegausssuma

= J o A Aaa . a a o A
uag RAP fivonloandnae #an (Si02) mesn (Fe,0,) waz ot (ALO,) 11109910 RAP
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Uszneudieriuuzvoaduaymsiniia Aunzvoadisan laoon loa (Si0,) gusu@eny

U

NIWYTITUIATIANDINTUL U
v v J a
425 dgdnvamazlmadiunannounin
UgmadrumaudmsuneunsanAnILEAIRINITIeN 43 Taof C Huens
o A o v A o = Aa o a
AoUNIANERNUUUMAINDNY 28 Tu CR Maneds msunuimImaedlads lsaaluurasiw

= aa LY oI a = = :l
811U FR U8 migmummmquaaWama‘l«ysﬂaiuuaaﬁauazgaaﬂ SP 18D @15aAU1

Aa o gJ o d o v o {
13119 (High range water reducing agent) $1171308az Tnothmiinveuduud fidedan
=< (] 1 9 a 1 =® ' == o
Anyreglugialdaulnaszine 18 0944 wnzihana edralsnanisesnuuuiiaiy

4 v
WIATTIU ACI 211.1 (2009) MIUANAINITYUAIVOIADUNTATANINY 10£2.5 A41IU ADUNTATN

[ 1

Y
HMEI0ATLNI9 38 D4 44 nzihamavzimaauasanii

M135199 4.3 dAAIUNANADUNTA

C o AIUHEY (NN./AL.Y.) SP
yanyal — Ty 7

FHUA WU N9 Coarse RAP Fine RAP U (%)
C18 301 749 974 - - 25 -
C18-CR25 301 562 974 187 - 25 -
C18-CR50 301 375 974 375 - 25 -
C18-CR75 301 187 974 562 - 25 -
C18-CR100 301 - 974 749 - 25 -
21 326 749 954 - - 25 -
C21-CR25 326 562 954 187 - 25 -
C21-CR50 326 375 954 375 - 25 -
C21-CR75 326 187 954 562 - 25 -
C21-CR100 326 - 954 749 - 25 -
C24 350 749 934 - - 25 -
C24-CR25 350 562 934 187 - 25 -
C24-CR50 350 375 934 375 - 25 -
C24-CR75 350 187 934 562 - 25 -
C24-CR100 350 - 934 749 - 25 -

C28 384 749 905 - - 225 -
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o, AIURTN (NN./aV..) SP
anyal . >

SELUR Uu N318  Coarse RAP Fine RAP U1 (%)
C28-CR25 384 562 905 187 - 225 -
C28-CR50 384 375 905 375 - 225 -
C280-CR75 384 187 905 562 - 225 -
C28-CR100 384 - 905 749 - 225 -
C31 413 749 88l - - 25 -
C31-CR25 413 562 881 187 - 225 -
C31-CR50 413 375 881 375 - 225 -
C31-CR75 413 187 881 562 - 225 -
C35 460 749 843 - - 225 -
C35-CR25 460 562 843 187 - 225 -
C35-CR50 460 375 843 375 - 225 -
C35-CR75 460 187 843 562 - 225 -
C35-CR100 460 5 843 749 - 225 -
C38-SP0.20 492 749 816 y - 225  0.20
C38-CR25-SP0.20 492 562 816 187 - 225  0.20
C38-CR50-SP0.20 492 375 816 375 - 225  0.20
C38-CR75-SP0.20 492 187 816 562 - 225  0.20
C38-CR100-SP0.20 492 - 816 749 » 225  0.20
C41-SP0.25 526 749 788 3 - 225 0.25
C41-CR25-SP0.25 526 562 788 187 - 225 0.25
C41-CR50-SP0.25 526 375 788 375 - 225 0.25
C41-CR75-SP0.25 526 187 788 562 - 225 0.25
C41-CR100-SP0.25 526 - 788 749 - 225 0.25
C44-SP0.30 565 749 756 - - 225  0.30
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o AIUHAN (NN./AL.1.) SP
yanyal — 5
FHUN  HU N1 Coarse RAP Fine RAP U1 (%)

C44-CR25-SP0.30 565 562 756 187 - 225  0.30
C44-CR50-SP0.30 565 375 756 375 - 225  0.30
C44-CR75-SP0.30 565 187 756 562 - 225  0.30
C44-CR100-SP0.30 565 - 756 749 - 225  0.30
C18 301 749 974 - - 225 -
C18-FR25 301 659 770 - 257 225 -
C18-FR50 301 638 541 - 541 225 -
C18-FR75 301 580 258 - 854 225 -
C18-FR100 301 523 = - 1194 225 -
C21 326 749 954 = - 225 -
C21-FR25 326 659 755 - 251 225 -
C21-FR50 326 638 530 = 530 225 -
C21-FR75 326 580 280 s 838 225 -
C21-FR100 326 523 y = 1174 225 -
C24 350 749 934 - - 225 -
C24-FR25 350 659 740 = 247 225 -
C24-FR50 350 638 521 - 521 225 -
C24-FR75 350 580 275 S 824 225 -
C24-FR100 350 523 - - 1154 225 -
C28 384 749 905 - - 225 -
C28-FR25 384 695 718 - 239 225 -
C28-FR50 384 638 506 - 506 225 -
C28-FR75 384 580 267 - 802 225 -
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o AIUHAN (NN./AL.1.) SP
yanyal . 7
FIUUN  HU N918  Coarse RAP Fine RAP U1 (%)
C28-FR100 384 523 - - 1124 225 -
C31 413 749 881 - - 225 -
C31-FR25 413 695 700 - 233 225 -
C31-FR50 413 638 495 - 495 225 -
C31-FR75 413 580 261 - 784 225 -
C35-FR75 460 580 252 - 755 225 -
C35-FR100 460 523 - - 1062 225 -
C38-SP0.20 492 749 816 - - 225 0.20
C38-FR25-SP0.20 492 695 651 - 217 225 0.20
C38-FR50-SP0.20 492 638 462 = 462 225 0.20
C38-FR75-SP0.20 492 580 245 - 735 225 0.20
C38-FR100-SP0.20 492 523 - = 1036 225 0.20
C41-SP0.25 526 749 788 . - 225  0.25
C41-FR25-SP0.25 526 695 630 = 210 225  0.25
C41-FR50-SP0.25 526 638 448 - 448 225  0.25
C41-FR75-SP0.25 526 580 283 = 714 225  0.25
C41-FR100-SP0.25 526 523 - - 1008 225  0.25
C44-SP0.30 565 749 756 = - 225 0.30
C44-FR25-SP0.30 565 695 606 - 202 225 0.30
C44-FR50-SP0.30 565 638 432 - 432 225 0.30
C44-FR75-SP0.30 565 580 230 - 690 225 0.30
C44-FR100-SP0.30 565 523 - - 975 225 0.30

NINBIMe): ABUNIANDBNLLUMEINDIY 28 TW MWWIATFIU ACI 211.1 (2009) 111111 38-44 MPa

Y Y
! o_o o o 4
Tdensamidandesas 0.02 - 0.30 Tashmiinvoafuuud
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42.6 MSNATDUINNAIDAVBINOUNIA
NAADUNAIDAVDIADUNTANIUNIATFIU ASTM C39/C39M-16, Standard Test

Method for Compressive Strength of Cylindrical Concrete Specimens (2016) ABIATRINAT DL

[
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M35199 4.4 HaMTSeuMeuAMIUIERIa90AUDIABUNIALASANATDLNIAIOA

YOIWIATDIAZMIUNUANNINTINNEIUAIY Coarse RAP Nog1iy 7 Ju

No. Design strength  Coarse RAP (%) fe redict fl e Error %
1 C28-CR25 25 16.73 17.35 -3.58
2 C28-CR50 50 14.70 14.46 1.63
3 C28-CR75 75 12.67 12.96 -2.20

4 C28-CR100 100 10.65 11.16 -4.57
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M35199 4.5 #anTSeuMeuAIMIUIER1a90AURIABUNIALAAMNATDLNIAIOA

YOIWATDIAZMIUNUTNINTINHEUAIY Coarse RAP N01g1I1 28 1

No.  Design strength  Coarse RAP (%) fe redict fl e Error %
1 C28-CR25 25 24.00 24.45 -1.84
2 C28-CR50 50 2141 20.49 4.50
3 C28-CR75 75 18.82 18.29 2.94
4 C28-CR100 100 16.23 15.50 4.77

M519N 4.6 Han3lTeuMeuAIIIgRIaI0ATINUAIALAZAINATDUNAIOA

YOIULATDIAZMIUNUNNIATINTYTURIY Coarse RAP N01g1iL 60 Tu

No. Design strength  Coarse RAP (%)  f/ .. fl Error %
1 C28-CR25 25 24.56 24.99 -1.72
2 C28-CR50 50 21.97 21.70 1.27
3 C28-CR75 75 19.38 18.36 5.58
4 C28-CR100 100 16.79 16.06 4.52

E4 v v
UINIINHAUNIIAIUINNIAINGIOAsedv0InDUNTANY RAP  LNUNNIATIN
NeUND1Y 28 U gniiNIaIvaey lagmsilTeumennaiuieniaidaveIneunIaLaz
nadoutaeonnionlfiansveaiosazmsunuNuIaTINne1UR28 Coarse RAP 910

a o =) =) = ! tﬂ' o d‘
nuvgluefa namalseumenanaiunnaunsuazsansnaaeuuaaslugln 4.22
= ~ = = ' o 1 o o o A Aa

nlFeumeuanwannlssumeunyNaumMINIeAIidionvreIneuNIANNEIUHANVD
< u’: @ a 1w a
118590 RAP flumiasivnerniuawnsasenivlalunmaiainssylasliadulszans

uansmsaadulieglugiaisenivld (R? = 0.918)
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50

@ Data from Table (4.4-4.6)
O  Al-Oraimi et al. (2009)
W Suebsuk et al. (2016)
0r A Huang et al. (2005)
B Memon et al. (2016)
O  Okafor (2010)
— € Mahmoud et al. (2013) R2=0.918
< o
% 30+ < Modarres and Hosseini (2014)
< o4
%
.o 0r o
—
v L ]|
[m]
Sk
10 v O
\/
0 I 1 I 1 I 1 I 1 I
0 10 20 30 40 50
f ¢ measured (MPa)

i 4.22 wamsnlFeumenainnemasdavesnounIaazA AT UMEIBAIIN

WoullJiiamsveuaspeazMsuNUNLIATINNEIVAIY Coarse RAP

a v =
1nnNuIe lusan

M350 47 0949 naaswamslisueuraiiueiidedauenounsaazA19In
MINATOUMAITAVDIATRINZMTUNUNNIATINAZIDEAAIY Fine RAP M101g 7 28 11az 60
TulagidoniiasdaoenuuuamuaBues ACT 211.1 (2009) Wiy 28 wnzihdnia

aumsi 4.7 gnimaslaaey lasmsnlssumeunainneiaidnvesnouniauaz
AmadouRIaI0ANHe§TANIT VoA DEAZNITUNUNNIATINAGLIDEAAIY Fine RAP

a v = | = lﬂ' d! I A d‘
NI IueAanansnlTeumenuaadluminei 4.10 FanunimanuaaIAnaouYDs

A = ~ o av = v =
ﬁllﬂ']ﬁliJfJL‘lJifJ‘U!fﬂﬂ‘Uﬂ‘UWa\ﬂu"]ﬁ]ﬂiu@ﬂﬂﬂﬁ%mWﬂ!ﬁ@ﬁlaz 10 93 24

M35199 4.7 HamTfSeumeuaiIuIen1aI0AUIARUNIALAANATDLRIAI0A

YOWATDIAZMIUNUNNINTINAZIDEARIY Fine RAP N01g1N 7 Tu

No.  Design strength  Fine RAP (%) fe e fetes Error %
1 C28-FR25 25 15.19 14.45 5.11
2 C28-FR50 50 12.66 12.33 2.64
3 C28-FR75 75 10.12 9.59 5.55

4 C28-FR100 100 7.59 7.56 0.38
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v v

M35199 4.8 wamslSeueunIiILIefMawarBINBUATALALAINATOUMAIDA

YDIWATDIAZMIUNUNNINTINAZIDEARY Fine RAP N101¢g1i1 28 Ju

No. Design strength  Fine RAP (%) fe redict fl e Error %
1 C28-FR25 25 21.22 19.71 7.68
2 C28-FR50 50 17.86 16.79 6.40
3 C28-FR75 75 14.50 13.21 9.80
4 C28-FR100 100 11.14 10.31 8.09

M519N 4.9 Han3lseumeuaigfIaIoaveInoUnIALaAINATDUNaI0A

UDILGA3 DAL NTUNUNYIATINAZIDUARY Fine RAP M08 60 1

No. Design strength  Fine RAP (%) fo oredict f e Error %
1 C28-FR25 25 21.69 20.85 4.05
2 C28-FR50 50 18.40 17.86 3.05
3 C28-FR75 75 15.11 14.21 6.36
4 C28-FR100 100 11.82 11.80 0.21

M990 4.10 wam3fSeuneuaiuIeMaIdarInaUNIALaLA AT UMEI0AINT DY

UHiaMsveas osazMIUNUNLIATINAZIDEARIY Fine RAP 910914790

Tueda
) ! , fo e AANAAA
" sovazmaunun  f o q Py 4
INNUIVY (AUMIN 4.7) BLERN
Fine RAP (MPa)
(MPa) (%)
Huang et al. (2005) 0 37.70 33.36 -11.50
100 18.80 15.12 -19.55
Bida et al. (2013) 0 27.55 24.58 -10.77
20 25.52 21.90 -14.20
40 25.29 19.21 -24.05
60 18.06 16.52 -8.53
80 14.90 13.83 -7.17

100 10.95 11.14 1.77
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