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ABSTRACT: Roller Compacted Mass Concrete is one of the special types of concrete that has a low
amount of cement in its mixture proportion in order to reduce the heat caused by the hydration reaction.
This increases the permeability of roller-compacted concrete compared to conventional concrete. The
increase in permeability also leads to the entry of destructive ions into the concrete of mass structures
and ultimately the instability of these structures. Supplementary cementitious materials such as zeolite
can reduce permeability, so in this research, the effect of replacing a part of cement with zeolite on the
durability and mechanical properties of roller-compacted concrete has been investigated. First, chemical
analysis and the pozzolanic activity of zeolite were investigated. Then, in order to evaluate the effect of
zeolite on the properties of concrete, roller-compacted concrete specimens were made in four mixture
proportions with replacement percentages of 0%, 15%, 30% and 40% of cement with zeolite and subjected
to compressive strength, water penetration depth, water absorption, Rapid Chloride Permeability Test
(RCPT), electrical resistivity, Ultrasonic Pulse Velocity (UPV). The workability of the roller-compacted
concrete mixtures was also determined by the V.B. time test. The results showed that according to RCPT,
water penetration depth and electrical resistivity tests, replacing 15% of cement weight with zeolite
reduces permeability and significantly improves the durability properties of roller-compacted concrete.
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Also, increasing the percentage of zeolite reduces the compressive strength of the specimens.

1- Introduction

Roller compacted mass concrete (RCC) is a type of
concrete with zero slump that consists mostly of aggregates,
this leads to higher permeability of RCC compared to
conventional concrete, as the cement paste cannot completely
fill the voids between the aggregates. One of the ways to
improve the properties of concrete is to replace a part of
cement with supplementary cementitious materials. This
strategy could be applied to RCC as well. In recent years,
researchers confirmed the positive effect of supplementary
cementitious materials on improving the durability and
compressive strength of RCC by using pozzolans such as
silica fume, nanosilica, metakaolin, fly ash and slag to the
concrete paste [1-5].

As an SCM, natural zeolite is a hydrated aluminosilicate
of alkali and alkaline earth cations that, due to the presence
of large amounts of aluminum oxide and active silica in its
chemical composition, can react well with calcium hydroxide
resulting from hydration and improve the properties of
concrete [6]. Researchers replaced part of cement with zeolite
in conventional concrete and their experimental conclusion
confirmed the effectiveness of zeolite in improving the
durability and mechanical properties of conventional concrete
[7-9].

*Corresponding author’s email: mzahrai@ut.ac.ir

Several studies have been conducted on improving
properties of conventional concrete by replacing part of
cement with zeolite but no study has been conducted about
effect of zeolite on the durability and mechanical properties
of Roller compacted mass concrete. Therefore, in this study,
RCC specimens containing replacement levels of 0%, 15%,
30%, and 40% by zeolite were made. The specimens were
used for compressive strength test, rapid chloride permeability
test, water penetration depth, water absorption, ultrasonic
pulse velocity and electrical resistivity. Also, V.B. time and
specific weight tests were conducted on concrete mixtures.

2- Methodology

In this study, 4 mixture proportions of RCC containing
various contents of zeolite, namely 0%, 15%, 30% and
40% of the weight of Portland cement were considered. In
order to make concrete mixtures, fine and coarse aggregates,
cement and zeolite were dry mixed, then water was added to
the concrete mixture. From the time of adding water to the
mixture, the materials were mixed for 4 minutes. The mixture
proportions are presented in Table 1.
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Table 1. Mixture proportions

Coarse Fine

Mixtl_xre Wb Cemenst Zeolit;: Watesr gravel gravel Sand3
marking (kg/m>) (kg/m”) (kg/m°) (kg/m®) (kg/m®) (kg/m>)
70 0.72 208 0 151 513.75 513.75 1027.5
715 0.72 176.8 31.2 151 513.75 513.75 1027.5
730 0.72 145.6 62.4 151 513.75 513.75 1027.5
740 0.72 124.8 83.2 151 513.75 513.75 1027.5
2- 1- Pozzolanic activity index test 3-2- V.B. time

The pozzolanic activity index test was conducted
according to ASTM C311.
2- 2- V.B. time test

The V.B. time test was conducted according to ASTM
C1170 for evaluating the workability of RCC mixtures.

2- 3- Compressive strength
The compressive strength test was conducted according
to ASTM C39.

2- 4- Rapid chloride permeability test (RCPT)

A rapid chloride permeability test was conducted
according to ASTM C1202. Specimens were placed in contact
with a cell, one filled with NaCl solution and the other filled
with NaOH solution. After that, a 60 V potential difference
was applied across the two ends of cores for 6 hours.

2- 5- Water penetration depth in concrete
The water penetration depth test was conducted in
accordance with EN 12390-8.

2- 6- Water absorption
A water absorption test was conducted according to
ASTM Co42.

2- 7- Fresh concrete specific weight
The fresh concrete specific weight test of fresh concrete
was conducted according to ASTM C138.

2- 8- Ultrasonic pulse velocity (UPV)
This experiment was conducted according to ASTM
C597.

2- 9- Electrical resistivity
The electrical resistivity was measured in kQ-cm.

3- Result Discussion
3- 1- Pozzolanic activity index

According to the results obtained from this experiment,
the pozzolanic activity index of zeolite is 96.2%. These
results show that the pozzolanic activity of zeolite at early
ages (7 days) was less than the hydration reaction of Portland
cement, but almost equal to it at 28 days.

134

Replacing 15%, 30% and 40% of cement with zeolite in
the RCC mixtures resulted in 25%, 31%, and 47% decrease
in the V.B. time, respectively.

3- 3- Compressive strength

According to 7-day compressive strength results, replacing
15%, 30%, and 40% cement with zeolite has decreased the
compressive strength by 45.7%, 56%, and 61.7% respectively.
This amount of reduction for 28-day compressive strength
is 24.7%, 39.5% and 51.6% respectively, for 56-day results
27%, 34.3% and 46.1% respectively and for 91-day results is
21.2%, 35.3% and 45.3%.

3- 4- Rapid chloride permeability test (RCPT)

The charge passed through the 15% zeolite-containing
specimens was 29.4% lower than that of the control specimen.
The reason for this is the desirable properties of zeolite, such
as the appropriate pozzolanic reaction at the testing age (28
days) and its filling property.

3- 5- Water penetration depth
Replacing 15% of the cement weight with zeolite has
decreased the water penetration depth by 13%.

3- 6- Water absorption

Replacing 15% of cement weight with zeolite resulted in
3.84%, 4.1% and 20.5% increase in the 0.5, 1- and 24-hours
water absorption, respectively.

3- 7- Specific weight of fresh concrete

Replacing 15%, 30% and 40% of cement weight with
zeolite has increased specific weight by 2.9%, 4.5% and
5.5%, respectively.

3- 8- Ultrasonic pulse velocity
Replacing 15% of the cement weight with zeolite slightly
decreased the ultrasonic pulse velocity.

3- 9- Electrical resistivity
Replacing 15% of cement weight with zeolite increased
the electrical resistivity of concrete by 151.5%.
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4- Conclusions

- For 7-, 28-, 56- and 91-day ages, increasing the replacement
level of zeolite decreased the compressive strength of
mixtures.

- The results of RCPT, water penetration depth, and electrical
resistivity tests showed that natural zeolite had a significant
effect on reducing the permeability and improving the
durability properties of RCC.

References

[1] A. Mardani-Aghabaglou, O. Andi¢-Cakir, K. Ramyar,
Freeze—thaw resistance and transport properties of high-
volume fly ash roller compacted concrete designed
by maximum density method, Cement and Concrete
Composites, 37 (2013) 259-266.

[2] L. Shen, Q. Li, W. Ge, S. Xu, The mechanical property
and frost resistance of roller compacted concrete by
mixing silica fume and limestone powder: Experimental
study, Construction and Building Materials, 239 (2020)
117882.

[3] P. Duan, Z. Shui, W. Chen, C. Shen, Effects of metakaolin,
silica fume and slag on pore structure, interfacial
transition zone and compressive strength of concrete,
Construction and Building Materials, 44 (2013) 1-6.

[4] P. Ghoddousi, L. Adelzade Saadabadi, Effect of Pore

Physical and Chemical Microstructure Properties on
Durability and Rebar Corrosion of Self-Compacting
Concretes Containing Silica Fume and Metakaolin,
Journal of Materials in Civil Engineering, 34(12) (2022)
04022330.

[5]D. Tavakoli, R.S. Dehkordi, H. Divandari, J. de Brito,
Properties of roller-compacted concrete pavement
containing waste aggregates and nano SiO2, Construction
and Building Materials, 249 (2020) 118747.

[6] B. Ahmadi, M. Shekarchi, Use of natural zeolite as
a supplementary cementitious material, Cement and
concrete composites, 32(2) (2010) 134-141.

[7] M. Valipour, F. Pargar, M. Shekarchi, S. Khani, Comparing
a natural pozzolan, zeolite, to metakaolin and silica fume
in terms of their effect on the durability characteristics of
concrete: A laboratory study, Construction and Building
Materials, 41 (2013) 879-888.

[8] M. Najimi, J. Sobhani, B. Ahmadi, M. Shekarchi, An
experimental study on durability properties of concrete
containing zeolite as a highly reactive natural pozzolan,
Construction and building materials, 35 (2012) 1023-
1033.

[91A.A. Ramezanianpour, R. Mousavi, M. Kalhori, J.
Sobhani, M. Najimi, Micro and macro level properties

of natural zeolite contained concretes, Construction and
building materials, 101 (2015) 347-358.

HOW TO CITE THIS ARTICLE

(2023) 133-136.

DOI: 10.22060/ceej.2023.21999.7875

A. Sarafi, S. M. Zahrai, A. M. Ramezanianpour , Effect of Zeolite on the Compressive Strength
and Durability Properties of Roller-Compacted Mass Concrete, Amirkabir J. Civil Eng., 55(3)

135






785 500 ()] yo (o kien & i

FEF U EYY o VYT Jho & o)lodd D0 0,90 ¢ oS ol (ylpas wdine &y il
DOI: 10.22060/ceej.2023.21999.7875

e (SIS 50 0lgd Oluogad g 6,Lid Cuoglio 3 Culyr; o1

. C)‘)?.I ‘O‘)‘QJ ‘Ol)@ ol Kuisly ‘L')l).o.c (oW 04SNy

18,5913 ey ,U

VF VANV redl
VN0 16,5550
VANV 2oy

Y NNY Y DT 1))

o (Sly 51 6 Sl ol Vg (el Cae 4 48 Cul (ols slagsz g | (S plages o5 (SEE o2 ioMS
yore 57 Copd (SIS (2 o dgi BB (33l asls 9090 ]l o5 (] boglite a3 (o ke 03
) e slnojls (120 450 4 (oS g oasliz oo IS (gl jolil) 050 (Slaigs 99 55 (5 033985 Gl 290 00
S iy 1ol 1) (6 pdgdes wlgi oo gl aile o Ygjor 3yl JLis ]y aojls ol (gl pas coles 13 9 9980 g

s Clls O 00 g o 395 el plgd ooy g (6Lt Canglie 3 Cdoii b loses 1 (i (a3l b il (34 53 ) 0l
g (oboon ST la] ol 0 cw) p (SE (1 SSgusl ) uJb Sy g (S S Caglio ol Gl ol 3585 Bas IS

S S e > S oy gladiges s oAl p Clgl) b 25 )ﬂw s o A o cdgs SYoim STy 5

Ly clemgs 5 (5 b Conglio (sl ialojl o g s wblo Sl b lases AF+ gAY LND e L iSole slasoy | byl
S lmgs S 153 (UPV) Sl gl udly s s ¢S 280 anglio (RCPT) LIS (0 00 e 395 el ol O 35
s RCPT (slaialejl 3o 2 o8 250 ol glts b e (2 89 30 Gialo] s 398 (Sl oy slabgls S
Cluogad: pSaiy S 5 S pigdeis ials el Sy b plom i /10 2ol Syl Cunglio § Ol 3985 3ac

VO (xS diges AF 2liwi b dunlie . o S |) ladiges (55lid Cuoglie by duopd i8] puiorad g oo (ol

S 4 Sl L g A D s (23l w0 V (L8 Cuaglio gl el 2 ] 4385 S50 (6 pto b

YA 6 )Lid Caoglio gl il 13lie ol ol 00 LS diges & Conmss (65l Cangliia ~5VIV o 405 L¥OIV inlS e,

G5 A 059, N gl (gl o AFFTY o AXVEIY LNV (s 4y 09y OF ulis (gl LDVS o YD LYEIY s 5 & 0,

Al e LEOIY 5 ZXOIY LAY

@ ol (g JB cnddel GRIEl el bl gg cnl byl
Op JB lad den (35 p 4 2B e pj 0gd o0 Jgese o0
axgi B iulisl g (gylid Cuoglin pSeuis (ialS g ol baailSiw
slalad o By 15 0gdoe (o6 (JB slaldd (pen Sl cpdided
oo Mos Winds gy lags ppad b JolS ol & bl o JB
3y blad & w)liS b Cuglio gy p oS Men JB clalas
0Pl e syl Sl (S 3 3g2g Glaws jed 3 &S (glage
ol Slow JoSo Slgo b ploww ) (50 (35 CuiSile b
@ Ol 195 05 Conl Mdo 3 (Jaome G )l abal jl 990 0]

IV one 1y oles )3 gy sl (03 8 AV e

doddo -
ey & Gl yio udll 9 O o8 e b o Sy (Sl o
ol bl Cund > pizmen aimd o S5t aibSis |) ol o
byl cunl yiaS 7Y+ 390> Jgems (2 & Comss Slogms 5 ol e
@B g ol 5l pas g og SHe (55 Jaod 4 3B (SElE oy
And ials 1y esep anie g oloj ol 5l edliel 45 ol oads el
«lal 40 5 Vb (slial ey (390 Db > 0 (Sle o nl pl
Conj S Shy jl ol 48,5 )18 oxliial 3)50 Slyes slaofgy 5
Gpan Jd> & ol 1S 25 @l 4 Glgiee e (SHE 0 Jawme
Camd p loww (390 05 V] 355 0,L5l ] bglsto cons 3 loww o5

mzahrai@ut.ac.ir :olbile sosge oding

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

S



LB g ol lagesls ) whre Tolilugiegl S g

Jib b 9 2081 posiaagll (0315 polio s o 4 o ol (S5
o5 a3l Jols 1aS's b eunlS b Wlg5 o 95 4 (] a8 5
Ao a1y (K0Sl Canglin ¢ A0 lise 4 1) Ol Gl g amd ST
) g Bl g Sblie e 3110 ] disky gut ZFF
ol Fidar 655k g (Susl ol 9 wtaod 5 el g2 (galaBl oY
S LY ) ol Slogs JoSo dlge s &y Capud G Lo b
o9y AN (Sl (Y550 cnl 0391 (ornb s baoma b o 2y
I gAY TN L e ()5 3ol b (W] (V1Y) o fSen
g3 X g Yy o (a3l o W38l )> Jgess (52 53 Culg
A o il 1) (S SIl Cuoglio g odly ials 1) wlST g 3o
e 41y (5)lib Cuoglia culgs 1 o 3,8 oanlia bal (izen
2 839se Calgis AY e g Vo il cladiges o Lol das oo ial3el )+
2 3ole e oS Canl ] gudge cpl e 45 395 o odmlie Canglie
ool 01 lgie TAD WY 5 W] @lie (B g Glesw b ) i
Clgss AV 3l ealimal a8 Wl Lis gl ol Cls Lilel Logad 5
30 (Vo)) 0dl) (S g sdenl ly Lil3dl 1) Of Gl soy3 ) g0
Graop bbb ¥ o Jsexe 0 sladises colo b 2gd 3udzd )
B sl & S5 AN 5 TN LN LD e RS0l
3585 ] s ¢ )lid Cangliio dgg p1 AV b gy doyd Lialiil oS
9 o0 Nl 350 sl Jgese (30 (S pSUl Cuoglia g LIS g0
ZX 500 ol (slodiges 45 a8l 355 @liiss )3 (Y+IY) oS
10l (sladiges &) Cumd (5 taS 1S (52 398 5 o 3585 3es gl
gy duo > Goli8l a8 ol o lgie b jimety cpl 3 pioren (il
P b Js aly Jgere oy e (iolial g (o)lid Cuoglio yials
S 23 Cadghs 25 G 2 45T 09Me VAR L 3 55,500 g,
Cudgi) duoyd Gl oS Conl 0ud lgie ¢ Jgene (3 (algd Cluoguad
SE0 51 YL Slow dlge 4 Ol (slacns gl o slabglxe 5
Lo > 355 (] 3 ize 33,5 o (53U Canglia ZVY ialS Cngo
(V10) o) ¢ %yplibiae, [IY] conl osd oly 210 e i
Najor ool el 700 910 sl it sladiges cilo L 35 VY]
o oBlog) dg LB dge 5 0jg) YA (5)lis cuglie ylEl o 1,

s sladiges a8 Wols LS imgh cpl bt g Slasly Phe (Jgexe

4 Aluminosilicate
5 Ramezanianpour

b ol 5l (ode (3Rb 3k 1 ol ol ladle 5
Adly (See oy (Sl g eled ol 352 50 e (Y555 £l
SRl (YY) e 5 " JSBT Shye s bt el »
398 3as (o) YV Lials el (ool puSB L bailaSow I sy
ODSe g " b (g oo poguad ) V] 3950 o e g
FuSB lad) b Yoi0: ylo dy Comd ualiwg Suo 45 28L > (YY)
O 1> Slaogad dee p i b (Sal Sis 3 5 (0L
A alaYoje 02938l L 35 (YY) oylSen g " lgs [F] 5l (Sl
Aoy )3 (pelie B 4 (o ymed 4 0)byw g G pudinng oo
oilesl) piidsis g Jnl asl olislog) 29 2 dlge cnl 5T L
2 0] Ssgy 3 ploss et (S9SNl sSwg)See (515 90
OhlSer 5 LS55 3o > gleyy (SEE yn )0 ekl L dal,
4 (s 505 dslo S0l AV 5 ¥ e L Bk Slsa laz (Y-Y)
Sso)d ((BL3L dlge gl (Sie i (Sl olgd e yslate
ol 13 loge ol (V0 5 ) IV +/0) usbwsl il
aons pllas oS aluwgil b o disty (035l o yd oS ol L
ol Caglie il el 3g ANV B /Y o)lid Cunglie yiale
2 8Lk dlge dgzg e g Ol Gl uals g (Sile i (sladiges
g S i e Ygjon w3l [F] 29800 (o boglie o
0ol (AT g Ve Sl o) pungy 5 ()0 (sl o)
o5 (glse b > YN0 KE/ T o oo L) s o8 (il 50
VY 4y JSblEe YV 51 1) (0)lid Cangliio puomss ySo 45 Gl 0315
sy Sge |y soled Sluogad o (Lial3al ZVV/Y) onile, JSlKe
oiblS aals b 4 Caws 1) Cuglis > (63)ls0 )0 sy Lol sl
Oalog oo AV gly sladiges |y (6)lid Caoglio syt ol 315
S wody AL s sladigel 4 Blaie Cuoglie 1y 5ieS 5 B30 canS
Slacans b g gladiges (VYY) oblinw 5 (wgad Limghs )3 [V]
Olowwr 41 ol Slacuns b g ZA L+ udusg Sso b low (jSl>
Conglite sl Sopn 1 o0l &8 wi0ly (L5 s ebsad adlos alises
2 Osen [A ams e (ials 1) WLIS g S9ds g (a3 (S5l
O gl Canad 13 0 A+ 3l 03lital YOV Jlo 3 505 (imgy
] cusl 3l gl 1) (603585 olee yy (Sle

1 Mardani-Aghabaglou
2 Shen
3 Duan

SFY



dy90 é\Joy).a uw'.nj )‘ odlasiwl L 0 u.a.]sj) ‘_;’V9)9) u.Jl.:.‘B ua>Lw .).))f

DS Gl o) p )90 Sy G STy B ed S I8 b))

PRl el Y
Eras glae -V =Y
S =) =Y =Y

i3y dd dwle g (32) 9 Cudyd) b Jold Sy laaliSin
ol &Iy Bpne ladilSiuw anal Sxie ¥ a VN sl IS5
ol &yl (B rne il (S8 Glasuie 0V Jods )0 .l
Ol Gls do ) psi g ASTM CI30 5)luskenl b gollae (ganasls .ol
9 ASTM CI27 (glos lislial b gollas o5 5 & 35 aildjoy g aibdead s
.15 ol ASTM CI128

oYoig 9 plaww -V ) =Y

3y50 5Y9j5r 5 o5l Glaww ABJITY b Gl ((Bpae oloss
@l 29 Glow Ghee )3 39290 (b Cg) (gl (nl 53 ealitl
ol 02 BT Jga> 3 S B5 g lows (XRF) (olasd U]

ol =y -y -y

ooz Y )2 PH b 015 b sl ] 5l s sl b

byl g)b -¥ Y
Jold ab a8 e > (SAE o bglss )b ¥ 5l iagg
cdgs gl 3 o gy il bgbee g )b ¥ g aals byl g )b S
¥ g 3 kb plowe iy il A¥ 5 ¥ N0 lasoys b
ool 3 Z¥e 5 ¥ A0 bty sl o &l bobke clag b
sohate & Adbioe (i 5> Sl 2l disej y3 o el sla gy
O S > cdgis g ol cwle (b Ll (i slag )b cal
L1 o 5l s adla] iz bglss 4y Ol Lpuges i biglice e
D50 bolste yuSuo bwgs 488> ¥ e 0 pdlas byl 4 O (9,8

SFY

10l (gladiged & Cumd (65208 LLIS (g 398 g Of Do Gas g
gy 3l odlisel & cusl o Sily Ghag ol @l Grizmen )l
2 (WWAY) ooyl g jlams e o (iuljal |y ldiges (S Sl Cusglis
el o (3Rl ey Vel oolinal o Bl 35 g,
e g (8IS (5)lid lacuglie plai (SSle Clhogad de
A0 5 Ve )8 (sl b (IYAY) Sen g sz, [10] 29 o
Colgs o aizbly > Sglite gyl Jas Ll Jlasl g €5 b ploses 3
9 > Sl eomen Bad e Ldiged (5)Lid Cungliie yioljdl e,
Ol ¥ gae el g ol Sl | IS (g Seis (g9l Jas Lyl
Oibot 53 (WWAR) pade 55,8605 [VF] A ladiged (S Sl Cunglio
A Uiy 4555l & Cdgis AV 5 Ve gols cladiges cilu b 3gs
2 e D90 0j9) YA (5)lid Cuglie (S (B cage gl
o5 5 ORIl 1y (S Conglia g 85 a5 B> sy ol
oS w55 (WAR) L) en o ()00 VY] smd o ialS |y Ol Sgis
) ok )lib Canglio g (5339 Cudgiy AT+ 9 N0 Ve D I odlital
2 0 pldl slaimggy 5l glaoMe N Jouo )5 DA ams e ials
ol 0l 1)l 4 50 Cdeb; 3,8 Ao
o3l ol 555 (59, 3 63L5 slaing dlgi; (Vsig posas 5
Cusl 01 plomil Jgone iy (SGle 5 (Slgd el 3 Sloww JoSo
ol 005 I8 lages o8 (S o elgt g ol Bl pogad o Lol
) it sl Culgs 09y 0 il {VoVF] (L3 slastngly b
T s wl g oe S 9 (spiudeis Slasede b alaly
Wler ploge o8 (S sl (gilis cunglie 5 (S Sl coglie
Ok slbdia (sl i 40 ) cpl 5l asl dzib Jsexe slam
adlo cdgy AFe o AYe TN g Le uSils aasy b Sils
O Pl 5 (SHlSe olss g gt 8T il elaie 4 e 0
st 0nb g dgi (o)t Cuoglie slatalei] ploge oS S
ol ey g (Sl Cunglie oz ol Gl Ol dgi Bas S
2 Oripen b plol ol ablo cladised (g9 2 (UPV) Siigul gl
Pl pogasio (39 5 (s olos slaptalesl 036 i (slabglses (59,

o 3 ods S o )3 S o alss gl 8L b s



OR 9 b Clgis 3,18 dige 43 ol plondl (S lidgs Y Jgae

Table 1. Research studies conducted in the field of using natural zeolite in concrete

Ples ol g el ol Sl sl il )y RLESTY

Canglin LYYY /NP5 VYT JFE ol -
S
o ORI PRV AR
IXN XY 5 ol i ials -
6 Lid Canglin LYD 5 VY 5 OF gl

—_—

\

-] ooly iz St g (soes]
Conglin TOFY o JXYY ¥ ilihl -

S
T g Ko AN 9 /N - LD
IXINY @ IXIN Ol Gde hals - ey e s

O 355 os TAD 5 1PV LalS -
INO 97N sl sl sl WIS g Seks
dalis balss 7O0A §7.0° dg00 ol 5 4 Sudgd)

g2 ONA VAT SYAR Y] oSen 5 55 0bilas, Y
SoySUl aglia ZVD- g Voo ol -
Gao,0 VY liél g 05g, V Cglae ials -
0395 YA Ceaglio
o 5SI Cenglia LYAF i3l -

slaas s o Ol Lds il Sail -

Ciz ) sgam alS 5 U oY) usSls
. 9 u-°: ERARS’ »Lsu)ﬁ ey I 5 Y- -
JARIE TS RV
do s 5o g,lad Cuwglie V- olial -
Vol

[\\]Q‘)MS)%ASJB ‘~

S Canglin 1Y -5 ial53l -
S ol TP S oSl 100 57 - 0

S Canglie FEY alél -
1 oss Soo )+ 5 INID 1D
IYIV 4 7000 5 T i ialS - ombes e 1) g

5 1V0 sl slagsn sl WIS (g Soii -
TNY 5 /YYD sgo us 5 ar Sudgsy /Y-
RIVRVSE AN EW
Ol 355 Gas 1F+ g Y LralS 5o -

S VIAY & s 5 LEIAA 51 OT Gds aliél - ONRTSA SATN D] e § gou ¥
1YV

6 Lad Caaglie ZYV/A 5 /4 palS o 5 -

5039, YA Cuaglia ZYE/0 5 VIV ialS c0j9, ¥
039, A° Caaglie OF/A 4 VIV als

VA 6,lid Canslin LVYIY 5 VIV VY ilsil -
039,

Sl is Ve b el asys (il b - KNS A RN TT A 17 [Va] S s 5 5,56 o
2l zalS VYA 4 LYY

esase 59 hY g A F e IV alil -

OV 4 FY/Q 5l g,Llad Cwglin 2ol38l - i
d PIC} gL ol CNATIA DI AT AR [v-] Bilim
AT ERCN RSV S I LG A T S

SYF



TANNE @ TAIYY 5 OT i s ys alS -

X I ) ] i ials
A O 3585 a0 )d B dga LalS -
Sl Canglia ZYOF 5 LYYE aylsal -
YA (6 Led Canglia 1) +1YO 5 FIVO Lol33l -

39,

ENRIVAT IR

(V] a5 5 5,555

TAN 5 AN eIV dlS s 5 4y s 700
039, Q- 9 YA Y L_g)l..i'.é c;‘A9Lb'.A

sy Y0 510

[v¥] Poon et al.

SO T FIA ) Ol Gi ralS cus 54—
VAR WATARA SINRYA N
IXEING o LYVID YO Y N uals -

N2 SRRV PIRTINN

[VF] oo 5 (5 gain ol

YA ,Lid Ceoglie (gouo,o VIO 50 Liuldl -
e Caaglie o, VIO 5 Ve iol58l 5050,
©39,

ol Gdz TN g VF als -

QLIS gs 3525 LOBIY o 1AVIF Lals -
oS gl LNFFIY g LAYYIO iolsél -

[UWSA REPRE

[VE] b)) 5o g 595

\0

YYIV 4 YEIF 5lo39, V (,lid Cuoglin rals -
JEl e
4 YOI loje, YA (5,8 Cunglin yioljdl -
JSL K $2/Y
G OVIF 5loje, A (g lid Cuglio rals -
JSb K OY/0

AR TR RN

[val Canpolat et al.

N

ol Lis /A uals -
S YA Y slos,Las canglia 1Y 40 F ials

05, %

Cedgiy Ve

N VA L T

sy Soo Yo /.

[¥8] o)L Kan 5 Cogd yane

v

Ceaglie LOIN o INYIY NI SNIE aolidl -
039, YA (5 Lad

OWKITA SR VAR RN

[v¢] Chan and Ji

YAY.NAS 9039, YA Lg)l...s wsl.o.n AV Wl)B‘*
09, 0 5,8 Cueglie

SIS g S9d hals -

Selgiy VO,

[vv] o) en g (gaex!

¥

IAREYAN AT R RS e
09, VA (5,lid Cueglie
) Fraiskee VY 51Ol 85ii e rals -
Y 500 D0 FY 4 iy 4 (aald byl

Fogshes
NINCSARY/ PVAT/NWA A 1A SVARYA QTS

k?Jl

N JIVA PR FAIPA P

DAL oS 5 50

10

5¥0



110
100
90
80
70
60
50
40
30
20
10

(1) 203 (G928 S0y

10 100
Log(mm) <JI o 3ladl

F O Gamaild Y S

Fig. 2. Grading distribution of fine gravel
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Fig. 1. Grading distribution of coarse gravel
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Table 2. Physical and mechanical properties of aggregates
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Table 3. Chemical properties of cement and zeolite
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Table 4. Mixture proportions
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Fig. 4. Placement of specimens in vacuum conditions

Fig. 5. Rapid chloride permeability test equipment
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Fig. 6. Rapid chloride permeability test
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Fig. 8. Placement of specimens in water penetration depth apparatus
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Fig. 10. Specimen after halving by the apparatus

Col VY §) g b oalas JISlislS O+ Jladie 4y (A JS5) Lilel
Obiylad g9y 3 ()lid Cuoglio S Lawgs 5 oad )1 oSiod | ladiges

S35 o ptiy o (Ve 9 % S USE) WD o o5 50
O o)) b JS5) i (65050510l ladiges

£0)

8liwd Jausgi Ldiged (yud o 90 .4 JSUS

Fig. 9. Halving of specimens by the apparatus
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Fig. 11. Water penetration depth in specimens
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Fig. 13. Ultrasonic pulse velocity test apparatus
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Fig. 14. Electrical Resistivity of concrete
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Fig. 15. Results of pozzolanic activity index test
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Table 5. The results of statistical analysis of V.B. time data
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Fig.17. Results of compressive strength
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Table 6. The results of statistical analysis of compressive strength data
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Fig.18. Charge passed of chloride ion through the specimens
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Table 7. Chloride Ion Penetrability Based on Charge Passed
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Fig. 19. Results of water penetration depth

S g (slyoly ol 4o 53 &l ey (Ygie sl 2Ty O 35 Bas hloj] -0 ¥
Spodess &S Cunl osd W5 C—S—H oSlyze J5 5 0 b juno pundS Ol bt el oad 1A S 53 O 3985 Ges inlejl muls

iS4 35 Culgi) alidiud Cuol pusen ud oy (IS T Bes AV il Gl cdgs 00 b plope il 45 aimd e
12 3985 as Linlejl 5l oad ol dom sl 03,8 KaS spddsh Lolys acse ol b sl 0ad LSHE o sladises 5 Ol dei
soklas) slagingg Sl edsl Cund & gl 1S b ol (imgh sl (SHE g g piideis (IS 0 gl (Vs (Suid g e
> @l YT (YY) e 5 (a5 g VY] (YV10) hlSen 5 (39 i) > & ey (S y cwdlh plan (38 cools
o (508 Ol 385 Boe Sl 00 (s slodiges 35 apiagl b plews J (ot5u (u3Role L oS Casl Slanw & Cad e
233585 Bos lojl gl o sl S5 (LLE il anls (sladigai & ) Sy oy D g edd ity o peed BIESG g (Stgy (Sl
@5 > Cusl 03,8 JUi> RCPT (iolejl b alite (539, pol> (35 AU 5 plend Coolh alaB S )15 g f) s g dinge lalad

S0A



6 4 [@Z0
5 4 | BZ15

(1) oo ol wis
w

dielu o

el S,

el VY

ool e s Y. UG

Fig. 20. Water absorption results of the concrete
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Table 8. Results of statistical analysis of concrete water absorption data
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Table 9. Results of statistical analysis of specific weight of fresh concrete data
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