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High-Strength Concrete Containing Recycled Aggregate Treated by Using Carbonation

Technique.
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' o

MawIsanunsaiuAuAIN RCA AsuAszsIaINITUL CO, 1 1 Ju

wagseEAINsULi 7 u IWaudAnisnienwifian duisnis
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Abstract

This research aims to investigate the compressive strength,
modulus of elasticity and drying shrinkage of high-strength
concrete using cement and fly ash as a binder at a ratio of

75:25 by weigh. Natural coarse aggregate (NCA) was replaced

by recycled coarse aggregate (RCA) which was improved its
physical properties by carbonation process. There were 3
methods to enhance RCA quality as follows: 1.) recycled
coarse aggregate was directly cured by €O, (RO), 2.) recycled
coarse aggregate was soaked in calcium carbide solution and
then cured with 0, (RCQC), and 3.) recycled coarse aggregate
was soaked in calcium carbide mixed with fly ash solution and
cured with CO, (RCCF). Treated aggregates from all methods
were cured with €O, at the ages of 1, 3 and 7 days. RCA
having the best physical properties from each method was
used as a coarse aggregate in the concrete. The results showed
that all methods had potential for improving RCA from O,
curing period of 1 day whereas the curing period of 7 days
exhibited the best physical properties. It is noted that RCCF
method was the best process to enhance properties of RCA.
The compressive strengths of concretes containing treated RCA
(RC, RCC and RCCF) at 28 days were higher than that of
concrete containing untreated RCA by 6, 12 and 14% and the
elastic modulus was increased by 2, 5, and 9%, respectively.
Additionally, drying shrinkage of the concrete was reduced with

the use of carbonation-enhanced RCA aggregates.

Keywords: Recycled coarse aggregate, Carbonation, Physical

properties, Compressive strength, Modulus of elasticity
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anue [1] ldulasiuandeaaun3nnaty (NO) wazAaunsn
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5351%1R WBNANi Tangchirapat wazAmy [2] laAnwiAdsdnuay
lupdadanguvesneuniniitdinvaouninluuiasiu nuimdsdn
warlugdadavguiiArmndireunialy Wudeaiuiu Undes uay
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mMasdaunazlugdadangu eanuiasuanasaaunInlAAIY
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2. Jaquaziinsfnen

2.1 Japussau

1
a v

Uszanuildluanddeliusznaume Yudwudvesnuaudussian

7 1 (OPC) wawsdanuiiu (FA) 91nTlssluiiugdung a.81Uns

2.2 mnkpadeumIslus

nnuaadeunisluaduianmdensaingaamnssuniniing

aa d vo B o o
avgnaunldiumnlugeamnssunusuuazdnlave lngtdwnua
uilvuneun1afenzknsuues 325 Liufesay 10 Tngumin

Weldlunsusuugunasuslefa

~

wasamneuillusiddedioun 5 - 19 ua Gunzunss
WATFILILN 3/8 T uazAanzinssnasgIuiues 4) Ussneudae
wanuveusssnyAtdiluiiuyudes (NCA) uasulassloda
(RCA) l¥annnsgeeiauasunInnsInszUanILIn 150x300 y i
H1un1snaaevlneiid1ididneglugiesening 30 89 40 wne
Unana 1gesfeinasgosnsuninuuuIy (Jaw crusher) dusia

azdealdidunsowsit (NFA) SoUNTUAZLATIASEIUUDS

2.4 msveaulagenlyd ( (O, )
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2.5 3Bm5finy

2.5.1 ImsveaevauUiveud e uiasupaltyunISUs

auUAnienienmeesdiauiuazuaaldouaiilusivageu
1A AUILLUAINLIRSEIL ASTM C188 [7] wagauaudenlag
Fseukuulenmuunggu ASTM C430 [8]

audimnanivendiduiuwaruradeunisludmageuseinios

X-Ray Fluorescence Spectroscope (XRF)

2.5.2 BmsvmasuanfvesIaTi

ausAinenenmvesnasINinaaey tiud lugdanuaziden
MUNNATEIY ASTM C136 [9] Anmanadumnzdusiauauaznsgn
Fuhnuanasgiu ASTM C127 [10] uazauiuniunisinnseu

vosiiulngLATesanaLeadAnINNIATEIL ASTM C131 [11]
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waldea, MUty (RH) Yeuay 70+5 LavAududTuves €0, 5ot
Ay 20+3 [12-13] éﬁ'ﬁg‘uﬁ 1 uagldszazainisuy €O, A1,3uay 7
Fu ioifisuandinenisameesnasailufandiiunisuulg

AiszrzaIsuy Co, uanseiu Tneddsn1suiudgeey 3 35 ds
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1 RC dnasumeulafatudie co, laenss
- PP - P
2 RCC dunarureusludawdasazargninueadounis Tus
Buda (pH=11) 3 Tu [14] wazue8NUIAINBINIAN
ay e ww i w
gumgiivie 1 Tu udilutudoe co,
3 RCCF dunasumvenvslufaudansavareninuea@sunisiue

duinavaTazaeLina WiudNM (pH=13) 3 Tu wavih

- av o e e
aaﬂmmnmmmqmmwm 17U LLa'ﬂ;UUlIW!'EJ iy

2.5.4 n15i938uRI9879A0UN5A
- ) ' A o w < ' v '

NI luUegeneunInidgeanilu 3 ngu laun ngu
WINABABUNINAIUANTNITIIATINGTTUMATIAVNA (CT-NCA) iUy
| 8 | oA & o dg v
gaguazneulindudiunay ngufiasshensuninilduiasiy
venuiduinasslufaunuiituyudesvianuasiuiunseudindu
WITINazdYn (RCA) uanguiauidiunauiduifgiiuiungud
o4 wilduasiusledaiiiunsuiulseienssuiunisaisuaiudu

13 93 (RC, RCC, RCCF) anldifusnasiumenusiovan delumnuide

See

H¥ansvanu (OPC : FA) ludnsndu 75:25 [15] 148nsndinse

]

e e

)

anUsyauAsvingy 0.27 AIUANNITEUFYBIABUNTAWINGY 150-
200 uu Tpeldansaninfiay FednsdiunduaoinouninLanalily
M99 2

wanuvevegluanngdudimuiineunaunsunia (3] lag
msudu ilududunad 24 vu. wazduneunisnaunouninldis
TSMA,, (two-stage mixing approach proportional-2) 1o & 4 U 9
dndhunisuaneoniu 2 dausmudeuuyiives Tam wavamz [16]
= & add | o ' A ) s v '
Faduitnanunsadielisesdessnineflnvesnanuiunesailnd
. e = < & o
(interface transition zone, ITZ) AAMULTILTININTU UALNINTT
NaRABUNIATUNTINTZUBNVUIAFURIUANEING1 100 Ul g9 200
uy dmsuneasumasdanazlugiadaneu uarndonsuningnuian
YUIN 75x75x285 Ui EMSUNAGBUNISTUARILUULIAS tHamAsunIn
vlulunuundeuds fislingamaiiviendunan 24 Falus aaniiuvi

AsaenkuUkaziisiegsluunTuiUseU

A13197 2 dunANAIUNIAAAE

2.5.5 mvaaaunaunsn

naaeuidssafiongaeunin 3, 7 way 28 Yu MuLIATEIY
ASTM C39 [17] naaeulugdadnnguiiongaeunda 28 u anu
AT ASTM C469 [18] Uagnaaeunisuasifienyaeundn 0, 1,
3,7, 14, 21 uag 28 AUNNINTIU ASTM C157 [19]

3. Wan1InNAdaau

3.1 auiavNnegnmesianUsyaniazninunaideumsiug

audinianieamvesiagluauifeiuandunised 3 lasd
OPC wazFA WuTagusvaru wudnfivsuimeyninf1anzunss
WINTFIULURS 325 wihriuTesay 11.35 uay 23.64 lagunin uagl
AIANAIT UMY 3.15 Wag 2.22 auadu e CCR ALY

< a s A a 13
anuansazaeuna@ounislud wulnliviuaeynIAAImELN S
WINTFILUBS 325 WiriuTevar 9.56 wazliAtAua T nwzwiiy
2.59

A15719% 3 audAnniennvesian

AL SoavfiAnsuUATLAT

Sa 9

g L3 325 (Soaz)

YuBudvaiauaud

1 3.15 11.35

Useni 1 (OPQ)
anuiuanlsssnu (FA) 222 23.64
wradunsludunaziden (CCR) 2.59 9.65

3.2 guiainiuerdvesianUssaniasunaidounsiue

andinandvestanlunuifendsiuandlunssi 4 Tay opc
flaadusznoumuaTfinsanuinaeiuImsgIu ASTM C150 TYPE |
[20] wazludiu FA wudn wasiuvesddneulaeenlan (Gio,)
avgllloulaseanlyd (AL0,) uasinesineanled (Fe,0,) Wiy
Sovay 57.9 funadeusenled (Ca0) Sevaz 27.9 InilutanUouly
a1u Class C firmunlilaguinsgiu ASTM C618 [21] dau CCR

nunivSIauAauueanled (Cao) Wusidusznaundnilavindy

v .
=

Sovay 65.4 vesesdUsEnouMAiiviante FedialnalAseudiuud

a =

Jasauauduszani 1 uaduSuia LOI g Fadunauianniii

L]

a

sewgeenllainnmaaey LOI Nigmgilga

v

Mix proportion (kz/mm’) Slump
Mix SP (%) wW/B
OPC FA NFA NCA RCA Water (mm)
CT-NCA 415 140 775 970 - 150 0.4 0.27 200
RCA 415 140 775 - 970 150 0.45 0.27 165
RC 415 140 775 - 970 150 0.45 0.27 169
RCC 415 140 775 - 970 150 0.45 0.27 175
RCCF 415 140 775 - 970 150 0.45 0.27 177
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Chemical composition (%) OPC FA CCR
Silicon dioxide (Si,) 20.9 27.9 3.9
Aluminum trioxide (Al,01.) 4.8 14.4 2.3
Ferric oxide (Fe,(.) 3.4 15.6 0.5
Calcium oxide (CaO) 63.3 27.9 65.4
Sulfur trioxide (5,) 2.7 7.1 0.7
Magnesium oxide (MgO) 1.3 2.2 0.7
Sodium oxide (Ma,0) 0.3 1.9 -
Potassium oxide (K,0) 0.4 2.8 -
Loss on ignition (LOI) 2.9 0.2 26.5

3.3 GUUANNIENINYDININTIN

audRauifinienignmvesitasinlunuiseaseiuandumnisne

o a

i 5 Tnenamsvadeunuin RCA uaz NCA falugdaniuaziden
Wi 6.79 wag 7.20 muaau uandliliufiseyninves RCA an
191 NCA LagAIAINEs N BufRuainfy 2.48 way 2.72,
A1magadutvifuiosay 5.23 way 0.61 auady azudulén
RCA fif1anudasdumizaindt uagAnisgadaniniigendn NCA
\l9991n RCA fiannunguainuefdudfidainigianiasiy 39
donnaosiuauITefinauL [3], [6], [22] LONMNEAIALFIUNIY
nsAnnseuvesfiulaginieiaoaueiadaves RCA A1ganIINCA
Tnefvinfutesas 29.17 vaszil NCA SAwiAY 23.40 TetiTnaun
Pnuesinmfinaiu RCA Saruudauseiiosnin NCA vauzdl NFA §
AlugdanuaziBeniniu 2.43, ANANEIT N BUFIR IS
Wiy 2.59 LLazﬂ'wmi@m%mﬁwwhﬁu%aaaz 0.80
dwiunanisvadeuantivianienmues RCA fuudgeseg
AsTUILNIASUBITUT 3 3] (RC, RCC, RCCF) Mdmmnanuansanie
mEm'rwn'auLLawé’&msU%’ngaﬁ%wznmmwm O, 1,3uag 7
Fu wansmaaouuansfegUil 2 nenanismaaeuaninismenin
ndInsUsuUTauslefanieds RC, RCC wag RCCF Wudial
AuEs e Buifusvewasudldniutudieldinanisiy
o, Funuitu Tneflduwindu 2.52, 2,53 uay 2.55 Uy ‘ﬁmq 7
fu faguit 2n) wagludauarnisgadunit wasulodadiniunis
ﬂ%’w‘;aﬁmﬂszmumsmsuaLu‘ﬁ'ummiaamﬂ'wms@m%mﬁﬂﬁlﬂu
89 lewflsutiuinaiu RCA Aiflawriniufesay 5.23 Tnsunasy
RC, RCC waw RCCF @ifin1suu €O, flang 7 Ju A n1sgaduh
wirfu¥esar 4.46, 3.99 wag 3.85 auadu fsgudl 2v) wag
Wuieatuiuain1sannseuveiasiuiianas fawiiduiesas
26.75, 24.80 wag 24.10 1UAGU ﬁagﬂﬁ 2() Fs91nHaMTMAEU
auﬂ’amamﬂmwmaama3’33J°3'"Lmﬁaﬁmumiﬂ%’uﬂgaﬁg& 3738
annsavenliinszuaunsasuelutunasuslafaanunsadieli

audfnisneamatuegruiulidn wasnisuSudgeiaeds RCCF

Hussilvienmavaseuantivnanenmidian waelesusnasu
3loiAafiiunisuiulseeds RCCF fu RCA filaikiunsuiuuss
wudrnanuileAafiiunisuiuugeiaeds Recr vildaany
dsdmneifiududosay 2.82, ms@ﬂ%’uﬁma:ﬂwiﬁﬂﬂiauamaﬁaﬂ
av 2638 way 17.38 Mudiy amadinanvadli meswileda
Sty usussduidosnnnisuiulss

f1579% 5 autAnINIBATNTDIIATIN

WaTINazBYn UITINYY
autAn1aneam . fudugos | wavissluda
neusiid (NFA)
(NCA) (RCA)
Tugdanuaziden 2.43 7.20 6.79
A B
o 259 272 248
Aaumns (SSD)
MIYATA (%) 0.80 0.61 5.23
AUAIUNIUNTTEN
) N/A 23.40 29.17
n39U (LA loss) (%)
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Jsuugaeansueludumia 3 38

MAT20-4



e

Suft 24-26 FavinAu 2565 9.389570

M5Us2guIvINTIAINTTUTEFAUIR ATIN 27

The 27% National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

3.4 71aenYeIARYATH

A1599 6 LAAIAINIAIDAYDIABUNSALALSDEALANAIDAUDS

o w

rounIndlofiaufunaunds CT-NCA wud1 Aeun3n RCA Se1rds
Snfidninneunin CT-NCA vntseny Tasfleny 3, 7 way 28 fu il
ANfdas ANy 56.6, 64.6 Way 75.6 wnzuraana vieAaduses
av 83, 86 WAL 86 YBIADUNIA CT-NCA MUEINU uazAounIAflY
wiasusludaisiunsufuusesiedd RCC way RCCF 1oy
Faud 3 YuTuly farmddalndidssfunounin CT-NCA Tny
AOUNSA RCCF flAnidsdauinninnounin RCC Wilsudniios 3
ABUNIM RCCF ﬁﬁwﬁwé’qé’mﬁmq 3,7 way 28 Ju winiu 64.4, 73.4

way 86.3 wnvUana wseAndudesas 95, 98 way 97 UBIABUNTA

o

CT-NCA sugsu winldinnisldurasiuannsdesiasaaundaid

o

Masssdunans (Mdsdn 30-40 wnzUrania) unldlupeuninidsg
danalvinndadnvesnounin RCA dA1taanitnaunin CT-NCA
aonndaeiuauidoves Poon uagame (1] war §3AnA LazAme
[23] uagiiloth RCA 11UFUUeensTUIUNIIANFUBULTUE RC
ffasadirnitutuiisadntosilaifioufuaeunin RCA uiilothan
U3uUgee38 RCC wag RCCF Aifinmsuvasazansinsvinlimaadn
yosnsunIngeiuegnaiulédn esannisuiulsanaradlada
fhenssurunsasualutuiialufonisudasasates Saelvina
sudlodauiiuty angwsuvosmes-fuiiinegfuinasi dwald
RCA fianuudausnniuivinlimdisaesnouninandlafa

o

fnmdsdnalndiAasaaunin CT-NCA

AN5197 6 AFIDAVBIABUNIA

Compressive Strength (MPa) - Normalized Compressive

Mix Strength for NCA (%)

3-Days 7-Days 28-Days

CT-NCA 68.0 - (100) 75.1 - (100) 88.0 - (100)
RCA 56.6 - (83) 64.6 - (86) 75.6 - (86)
RC 59.1 - (87) 68.4 - (91) 80.1 - (91)
RCC 64.1 - (94) 71.7 - (96) 85.0 - (97)
RCCF 64.4 - (95) 73.4 - (98) 86.3 - (98)

3.5 lugdadaeuvasnennin

Han1snaaeulugdadanduvesnaunIauansfezui 3 lagen
lugdadaneuieny 28 Tuvaspaunin CT-NCA, RCA, RC, RCC ua
RCCF winAu 37.0, 29.5, 30.1 uag 32.4 IngU1d@nna AuaInu wag
A a ' o A ' a Y] o dy v a
Wallguelugdadaneguvainounin RCA funaunInfldulasiud
lsfar1un15U5uUUTe (RC, RCC waw RCCF) wudimaun3n RC, RCC
wag RCCF diAnlugdadaneuunnnitneunin RCA Souag 2, 5, uag
9 muadu dunaldngud 2 uuwilduveangy Treat-RCA g4

Y

nduLwalduYeIngu RCA Useanudosar 3.6 Walfiguiiingss

A ' '

wihiumuaun1slugdadaneguroingy Treat-RCA way RCA 89910
NAGNS

P

a X o 2 v = Y o a o
LWL ULWELENUDY TIdDAAABINUIIUINYUDY Kou tazmauy [6] hae

o '

ananamnsnesuisladn Aeun3n RC dalugdadangu

o '
LA

Luo kazamy [24] InenisAnenaseliainiduiosay 2 waynis

YSudsaniasiusleiAadieds RCCF Nfinsudansazans

a o A

ueaBauAsluRdudnaNasarateda 1 uAudusi Sanuduang

v
= = v

g¢ anunsnfiuanlugdadaneuvesnouninlviivuiafesas 9 e
WisuiuareunIndldutasinslodaliiiunisusuuge waznanis
naeuAlugdadanguvasnaunin CT-NCA fardninanuidsves
upFun$ wazae [22] uay Kou wazane [6] iesnfiuyudesd

druldlunselifiann1s dnnseu (LA Loss) 11nn3191u3fefiniusn
[22], [6]

ONA (Mobammed uazag [27])
oOCT-NCA

°NA (Ko uazhez [6])

" RA (Kouuaz
@RCC

 [6])
XRCA

8

ERCCF

g

8

Modulus of Elasticity, Ec (GPa)
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