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Optimum Replacement Ratio for Absorbent Paving Concrete for Sidewalks Containing Zeolite Aggregates®
- Absorption Performance and Strength Test Result -
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ABSTRACT

This paper is a basic study on replacing ordinary aggregates with zeolite aggregates with high absorption rates in paving
concrete for sidewalks, In order to determine the optimal replacerrent ratio of coarse and fine zeolite aggregates in paving
concrete, absorption performance through absorption and drying tests and mechanical properties through compression, bending,
and splitting tensile strength tests were investigated. As a result of the absorption tests, the absorption performance, which can
be defined as the difference between absorption rate and drying rate, was 6% for coarse aggregates, which was about 4%
higher than that of normml aggregates, and 31% for fine aggregates, which was about 11% higher than that of normal
aggregates. In addition, in paving concrete mixed with zeolite aggregates, the absorption rate was up to 4.5% and the drying
rate was at least 0.72% which showed a relatively high absorption performance considering the unit volue weight. The
compressive strength of paving concrete mixed with zeolite aggregate decreased at some replacement ratios compared to that of
normal aggregate, but all satisfied the design compressive strengths specified in the Korean design standard. The flexural
strength also decreased by up to 16% depending on the replacerent ratio and was lower than the design flexural strength
specified in the mixture design guicklines. However, it was judged that there would be no problem in applying it to concrete
paverrent for sidewalks with srmall design loads. The splitting tensile strength, which is important for crack resistance, was the
sane or decreased at a rate of 6% or less depending on the replacerrent ratio, so it is considered to be suitable for paving
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concrete for sidewalks. From the research results on absorption performance and mechanical properties, it was confirmed that
zeolite aggregates can be applied to absorbent paving concrete for sidewalks, and the optimal replacerrent ratio for this was
determined to be 20% coarse aggregate and 10% fine aggregate based on a total of 30% replacerren.

Keywords: Strength, Drying, Mechanical Properties, Korea Design Standard, Mixture Design Guideline

1. M2

1.1 g5 Hifgat =2

T 7|33} 5 Yelor oA AAHRDREE Ziols A5 Ex 297t U 397t S71t
of wet B54%F ¥ Bol 2 =4 Aol el ot
1Sl oot F2 A#y fEE tiE BFrES Itk
FAR7E e 2R tiadql ERa Almel 2AES 24| Agsh] wizolth o] ZAIE sidsk] ikt o
Hom 7F¢ Al g TAYES B9 HlEo] Wdlr IrEAY itos JREEE F580] 21 B
o] 9%t B = vl BAZ A8k Qlrk 8, ofs 32 99w it #2IAE Aok B
ZARE T oATE SHERA, Hith B BHE Al Aleieieh 3-8l wE Fado] stk A oA
Z7ltE 9 omiol] whE oRAlQl FoRy Uigdo] FE3 o] qdrkikotun and Ekolu, 2010; Nas and
Kubetci, 2018)). ol¢t oA =l 8 =AE FHo= AWt 28t AA| F55 FHE e OE ARt
SHE Folo] TAA] 25 A6k $1eF A9 Low Impact Development, LID) 7190l 2014@7E A
Aom EIET QIrk LIDO| e 7ol wet AEz fEve UEl o8 7S ANA B4 S
WY RS W AoRA, ZRRRIME SFUedt ARARE oA =4S HE = B3Rt FEof
et 259 28] W 52 Fotol A8skr Sl

278 ! 98 7l FAE B oR A kg
o A¥e fAlsl7] St 2 B AAEROoR HoRitt AR FRolle HEAE Vo o= =g 2
2, A AREE 42 ololo] AFe Ve ®E ok A 2 B wEHo] A2 k2o kg HosiAy 7
Sfol7] 9fRt 7ol & M= TSI, ol A tifEe FAES FAluR She PRl gt
o SRR 27 AAVIEe e 2ES HERAKDS 34 60 10)(FERLET, 2016a), AHAEREAY
(KDS 34 60 15)GEFERFTE, 2016b), 2k 2 FAREIHKDS 34 60 20)(FELET, 2016002 2ot 43
Skl Stk ol 2AEAE tiEsks KDS 34 60 102 ol skl Sl 248 EH2E iRt 7|15
A 289 A=A 17.64MPa oW, F&=A Al 40mm ofst T 27FARE skl Qlrk. oleks HhEA,
gt A 3 &2 2ARS ZIEE izl 7]E] KDS 44 50 10AHIE 232E A GELFYE, 2023)
e FeEA SRl Ue BAEe} 2AVIAEE okl Jlom, U5t sl ot SARE 1
SHL Qi ERF SESfRolA EeHet AME ZaE 2 viekdA 2101 Dol 238 2ES i
AAE Ssto] AAZIEEAE 4.5MPadt 2= A A4 30mm ofdos skl Qirt. ojef do] 2FE
FESH B Ad7IE Ee kA Aol AEel tie A B Alge iRt A 3 A2EA 4
dizleel 22 2Aatte] 4T Akl Qe AAeltt

AEeolEs thed F25 540= ke tiiAdl Fe=A nAkt felld 280 St S5/l ot
FEHor et EAS 2 Qlom(olde 5, 2011), E5] el Skt A9E SR uieko] FHot

I 71ge] skt ot Aol Fgo] goltie FAlde S0l R 4 Sl AeolEr} e £
of w2t 2, Al 5 TRt AdEerld 2851 JemEHWA] & 201D), AdRE 232E Aas

FAog njiar Jefo] Solfm (244, 1998; Sedlmajer et al., 2015; €548} o3k, 2020) T AJHESLRY)]
ARRA T ZA(ZE% S, 2011 2HS} HAH, 2012; Reddy et al, 2018)7} Aztel-zA) whS A4
(Feng et al,, 1992)& 5402 ALEAY AFZAHZE A7 ARH(Semsettin, 20115 Tran et al., 2019) =2 §L
o} oje} 3|, Hiol] H8Sh= EH2E Fi= ofAME S Aol TG ESS Vo A= i E=
TAGAS} A7Fe BAog ARPIE S EU5K JtHGirskas et al, 2016; Pancar, 2016; Wu et al.,
2024). F, Y2413} 0]714(2021), Doostmohamadi et al.(2018) 2 Teymouri et al.(2023)2 AH&Eo|ES] 94
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¢ E 54 TS 2aRE 28 4 e Thsde HES] flet 2IES ke Az F A

Fol 71 w2 F2TAE AElE SAe 4% thAlsd ARredl Sae] Egte St AN thAlsie

i s 3 A= 54 wolsidlnt. 28y, olg dHE Alle 2ARE TN Al2eolES] w2
e B8P F8 Az TEARt #LEAE W diAlshs @7E ddider FE57 Aol

e TEE ZARE A8EE B SA9F Hluwst] F4Eo] Ao 43t AleeiolES

Heg 2o 28sp7] oftt 712 o] detoms, TG FIRES ks FAlr F oF 10%E AAshs

S AEEiolE SAlz 4 diAshed] e S48 2 Ak 542 mefslal olziRy Alet

olE EA1e] HA EiFS AetE e BHoR i

o

A9 AMIE 2a0)E ] A8 iHIAS TiEeR AgdolEs Y g wE ZaclEst Fe
ot B2 AHgete] 107014 207K 5% B9z ALolE FeBA 9 BB T 5 477 e
Aol e 9d D AR BAAE ARSI 43S ANsh 3213, KS 4] wek 849t Az 9
7w EAS Tl S RS AN of ARkeRy ST ook B4S BE sng 4 ol A4
ool FAe) 14 e ARSI,

21 4=

2 79 Aol AR AleElE SAle AdRE A KA Adske wIF 216, S
1,390kg/m’e) 19 17} 22 BHAE 8mm] #EA 2mmo] TS ARgeiion, &5 H 7z ofeh
S92 Ade ol Fsiant. 248 ZAE Higlold AEE = SAlelld Adteke HIT 3159 AllF 2
TESHEAMIES ARSSISITE HE hEAhe EHAZEWIH w0 2560110 & 27871 =it FRelE
MBI, BE FeaAte AdetolESt UK weaAl AdiAle 8mm, £HE 235, BRAZESMIH H]
501 29620 HMZAE ARSI viebdAl Al 28t FEAES 45%, SR SHIe 2EE ZAPE] 8
e HHR! 60mmz Si9iH 24, AlEEolE S0 ke 1T 4 s 2AR|ES Akt 35 3

A 5 712 0l IFE € 7 ol EMiRES ARSI it

2.2 HighdA|

LRI o]718(2021) 9] gl mE, ASEelE F2EAE oF 10-20%7H] tidleloks o ==t &
7 59 ooty 5o HE EAE(plain concrete) 9} HERE 0= HAHT, 30% oVdel tidkgolte Awrt
HAaole ZAo=2 Yepdth J2]1, Doostmohamadi et al.(2018)7F Teymouri et al.(2023)0] =gt Atelx=
AZElelE F2EA tAle 25%7H] 5727t S71HHAL 30% okl tiakeolse d57drt 2A dast

a: M| 22}o| E ZHEXl(fine aggregate) b: M| 22I0| E H2Z7H(coarse aggregate)
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2.3 SAIA A2E S AR

)

STolE EAE E/I% g 2AREY V1x =%

g = Z38EQ] oskd EXS
Alede st 31% KS 7]5] Eq?% %% ‘%‘ BNl AR Z]E 100mm2! %%ﬁé =5, e

N

KS 7Kl 19 BAAIZ 5SS AR BEARE D49 B v&o} .

ABE BAA A Aol AN E3E B e 2R A9ge Tl Slsle] 18 29 2
o] KS F 2020020 (IIBZ4918], 20220) 740 oIt SURARS AN, SAmAg A 7 vhehs
2 45-60mm®] &Fuglo] grrM A9)0] SRPL Shelg T 2AA ARG Bo| ZIES sk 7
spt ksl AERH 289 B 2RSS JEAES 13 2bo 1 2do] B9l wist 2o)
SO0KN §250] A54%A187 m 100N -§9] TSARAG/IUTME olgslel Kseld ke Algiel
wRh QEKS F 2405 (RIEZACIE] 2002b), BKS F 2408)ARIEZAICIE], 2016) U ZAVHKS F 2423)
(ROl 2021) A WAt v A 24 S0 BRe BEE AsI,

3. Aj&zat
31 EMe 5+ 45

g TN FY) $4P0L A9 F 102 APl B o By 05 o ekl
Ao g40h A% S4o] Zaskhy @ 4 gtk olo] Wt B Aol 2a2E ] AR TS
WPros s 9 BHALES A Theor Qs 79 AR e S 5 54 2
AZAES AT Age] ThE B4 W AELe A B 5058 1E0E AR ATe] w2l

A FUE 0018 DAASE Zote] T4 E AZHS AL F AT AR o] T4E E=
A& 27} ARSI

O

H 1. B

A7) (HifSH) A22M0[E g TIOR¥ (kg/m)
bz 3= | N | Ao ek ASOE #
(MPa) (%) (%) & Ms HEN | F2EM | US| F2EM
CONT 0 0 708 | 1,122 0 0
G10520 45(8) 20 10 0 - 5664 | 1,0098 | 1416 | 1122
GISSI5 | 17.64(2%) 15 15 601.8 | 9537 | 1062 | 1683
G20510 10 20 6372 | 8976 | 708 | 2244
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7 2. B3PE0| £3T U LAY

ZIE xR ALREE BE U AEEolE F:2Z A (coarse aggregate) s TVHOE AXSH g4 I AXAE 4
TE Hlwste] 119 3o 77 Aefeisint. Al A AoidRAE] BE 9 AEERE a2 §a2 19
3a0f] Hel Hie} o] F4 AR} FAle| F7IRE & oF 30-450] ARt FHE F7IYlo] Al ok A
& 2RI & ok BE A9 A §& F47F AR F 3080] AoIgke o of 5%%oH, ofF X5
ARHEE 24 Wil F=0] BE Eﬂcﬂ 0] HIlE g2 & 4 Slrk ook HEAl Zﬂga}"]E Eil
2270 | F5&2 57 AR ¥ 45%0] AusiglE wf of 14%%0H, ol e EE B SA%t
A S&0] Weke 37 F71eHA] ‘&}S% o 4 Sirk olEdt Aol O FXE EHoR ﬁ}h A=t
olE A} Ui 3= WAo] BE ZAECH 27] whZe] Skl Aot WG Zio® weEr) ook thE
A=A Wi7E B %i oPy BHIRJEIRRE AARE AFE2 TI9 3be]l Kol Hie Zo] HAXARNY =
A Z5o] wet 2ot 9le-e SRIGH 4 otk BE FLIA= 2] 15871 AT} whiEA| APE| 0% 4]

20 T T T T T T 10

HE20|E F2EX

L HEa2olE F2E

H2E F22M

EFE (%)
s
UZEE (%)

3 3 4 5 6 7
E4AZH(hr) AZAMZ (hr)
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