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A Study on the Properties of Concrete Using Zeolite
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ABSTRACT

To know the properties of concrete using natural zeolite, compressive strength. freezing
and thawing resistance, drying shrinkage and permeability of concrete were tested with 4
kinds of replacement ratio and 2 kinds of particle size of natural zeolite. The median
sizes of natural zeolite were 12.70m and 10.39um and the replacement ratios of natural
zeolite for cement were 5%, 10%, 15% and 20% in the concrete test. When the
replacement ratio of natural zeolite was 15% or less, the 28 day and 91 day compressive
strength of concrete using natural zeolite was higher than that of concrete without
natural zeolite at the same water-cementitious material ratio and the strength increase
was more evident at the concrete using finer particle of natural zeolite. There was no |
difference to freezing and thawing resistance between concrete using natural zeolite and ;
concrete without natural zeolite. Drying shrinkage of concrete was almost same at the
0~15% replacement ratio of natural zeolite, while increased al the 20% replacement
ratio of natural zeolite. When the median size of natural rcolite was 12.70um. the
permeability of concrete increased with increment of natural zeolite amount. The
permeability of concrete using natural zeolite which median size was 10.39mm, however,
was same or decreased at the 5% or 10% replacement ratio of natural zeolite.

keywords : natural zeolite, compressive strength, freezing and thawing resistance, drying shrinkage,
perrneability
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Table 1 Chemical compositions of cement (%)

CaO Si102 AlLOy FeoOy

SOs MgO Ig. loss Insol. residue

61.42 21.52 5.77 3.25

2.41 3.45 1.23 0.30
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Fig. 3 XRD powder pattern of natural zeolite
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Table 2 Chemical compositions of natural zeolite (%)
Si0s Al2Oy FesOy CalQ MgO Na»Q KaO TiOe lg. loss
66.74 12.77 2.10 271 0.41] 2.31 4.02 0.46 8.48
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Table 3 Superplasticizer and air entraining admixture

; , f ) . e iy main standard dose
chemical admixture color specific gravity component C % %)
superplasticizer d%{é{u%(’wn 1.19 naphtalene 0.5~1.0
air entraining admixture llgl?qtugfgllow 1.04 unknown 0.01~0.1

Table 4 Physical properties of aggregate

aggregate specific water absorption F M organic unit weight absolute
gsres gravity (%) ) impuritics (keg/m®) volume (%)
fine 2.58 1.76 2.52 0.k 1,605 62.2
coarse 2.61 1.75 7.46 - 1.678 64.3
Table 5 Mix proportions of concrete
zeolite air | W/(C | S/a unit weight (kg/m’)
. ’ slump - e - AR
Mix content | ° '\ | content +7) ] i fine |coarse|superpla .
(%) (%) (%) | (%) | water |cement | zeolite age. | age. | -sticizer a(gcccr)lt
12+¥1.5 - 50 40 190 380 0 691 | 1048 - -
N - - " 39 190 361 19.00 671 1061 - -
Jon-AE o
o 10 - - 38 | 190 | 342 | 3800 | 651 | 1074 | - -
concrete -
15 - - 37 190 323 57.00 | 631 | 1087 - -
20 - " 36 190 304 76.00 611 1100 - -
12+1.5]15%t0.5 ” 40 180 360 0 677 | 1027 0 90
AR l " " ’ 39 180 342 18.00 | 657 | 1040 0.50 180
concrote 10 ” " ” 38 180 324 36.00 | 638 | 1053 1.10 300
15 ” " " 37 180 306 54.00 | 618 | 1065 1.70 380
20 ” " ” 36 180 288 72.00 | 599 | 1078 2.20 520
2) etEAE A3 SEAEAF L A H Q] S w) zZhzt dolHste Z st ol o

2

Az AT, GFAEAIEE KS F
2405(FA Ee] &7
A 74, 28¥ 2 91
Al E hEA A3

3) AzFEAE ¢ do|HtA ol AMST F
AFE KS F 51059 733 Z=AdE 324
Ao Wt 10x10x40cme] 25385 A
Halz, HET 48K Fo @i 2 o
& KS F 2424(R2El2 3@ ZAgES Zod
sk AlgEPH) o) whaka] 2012709 FEolA kA
st AE 7ol EHAL w rEHol (AR E
el WEHTe] A)E Hetn o]F 24+
10, % 52+1%9 @234 £ 20403T,
5% 6515%° Aela] Hasled o Az

15, 25, 35 453, 853, 125 2 24737 €9

208

st thold AlolAl WY& AlE-8te] 3 et}

4) B2FAAYE 0 AN ALEE B
AlAE KS F 2456(FE55Z2 83 g &34
Eo] Agalgbd)o] wreba 7.5x10x40cmel
ZFgoz Azstd. AdE TAA 4E 24
AIZE Fofl GEBta o] F= 20128 3ol A
A 14974 AT T 715N G55 A
of FFAlA FATI= YHer SHGHAE
= AAEY. BE G| EE BAAe 2%
5 oF 2.5417F AlolollA mlE, 4T -18C
2 "ojmg]n, thgell -18TeM 4TR AsA
7= Wyoz2 FAFAY wEg<S 503 ot
KS I 2437(g4 2 Fo 23t 2asjEe] Sey
A, FHAGRAAST 2 BFolgn]] Alguy)
of mat MRIAFaAFEAE S Y Alde B
A3 wtEo] 30040 Eo] HAY AHEHAA
7} 60% olstg = w7lx] A&stdnh

=3 ESHEX| M[10H 5% 1998.10



5) #24A1% « PN EdE Figd9 &
& wekel AWE e 6d% FAYE FFAE
714D E AHs T

é e @iy drain valve

permeability
chambear

cencretle
specimen

rubber packing:

pressured watar

watar drain

Fig.4 Closed-around pressure type chamber in conc-
rete permeability apparatus

FAAE 015x30cme] FEE FAX2A
BAEA FYel AN AFFA ) AF

20mme] ¥l Fe] AVIEE AzEdG. AE
" BFAAE 2447 Fo) AB S sla oA 24
AlZre] Ak b €E el 28a 20+37T2]
Faola A 149Y7x A F <F 2009
AYea 149 Bt AxAHT. AP AEY
oo 3 Woz APt FAA Tl

HH TR 20ke/en o HHE 2443 7HE v

Al g7z Al F kR FAAY §
AE FHe d=7E AHe3te ddaia B
o] YT RFS Ed A 2¥ v B9
FEAHE FA7 o3 Félka ol FAIAG
dol2 WUEoRA o BAAFRHCE At
ot

3. AEda & D@
3.1 232|E9| 9/7delE ¥ 4&RET

Zag|Ee YT FH H Gz AlY
A3+ Table 63 #t},

3.1.1 #7delE % ¥

A el EE AHEY EAEE vHE]
Be AgE EFHNE W E F de HAEd
717 UEh] Wil EAE wfgdM E
N&S AaAd vt ok Table 58 &48
E wgRde olRE @t A ESeolE
o} thAlge]l 5% whE Bobd wulth AEA &S
1% Az

Table 6914 ¥]F71d8y FAUEE FII
S eFE ARt HEESAE AMEEA o
I AU AREA syPzge DA Sl E
o] A &o] Fristed wet 2A FaEHAG
ojgh o] HAANEe|EE AHgdte Y TE
&S A et glon &¥xgho] Ast

Table 6 Concrete test results

mix zeolite slump air content compressive strength (kgf/cm®)
content (%) (cm) (%) 7 days 28 days 91 days
. 0 12.0 189 307 356
Zeolite A 5 8.0 192 329 382
10 6.5 173 328 390
(12.70um) 15 4.0 - 154 319 388
Non-AE 20 3.5 - 136 297 365
concrete | 0 12.0 - 189 307 356
Zeolite B 5 9.5 - 193 322 388
10 6.0 - 197 344 406
(10.39um) 15 4.5 - 174 344 413
20 3.0 168 319 363
o 0 13.0 5.2 155 244 281
Zeolite A 5 12.0 4.9 162 257 310
10 11.0 4.8 156 244 298
(12.70um) 15 11.0 4.7 139 252 304
AE 20 10.5 5.0 126 222 257
concrete . 0 13.0 5.2 155 244 281
Zeolite B 5 11.5 4.6 166 266 318
(10.39um) 1! 1.0 4. 5 :
”"’ 20 11.0 45 143 242 289
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Fig.7 Test result of freezing and thawing after age 14
days for moist cured concrete

Table 7 Test results of freezing and thawing

) relative
zcolite | number . .
. . dynamic durability
mix content | of final )
(%) eyele modulus of factor
’ clasticity (%)
0 250 556 46
: 5 230 59 45
Non-AR
on »AtL‘ 10 | 250 59 49
conerete 15 200 61 41
20 230 56 43
0 300 88 88
5 300 91 91
AE
) ot 10 300 95 95
coneretel s 300 100 100
20 300 92 92
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Fig.10 Permeability test results of Non-AE concrete
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Fig.11 Permeability test results of AE concrete
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Fig.12 Permeated depth of water vs. weight increase by
water permeation
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