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Void Ratio, Compressive Strength and Freezing and Thawing Resistance of Natural Jute Fiber

Reinforced Non-Sintering Inorganic Binder Porous Concrete
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Abstract

This study evaluated the effects of fibers on the void ratio, compressive strength and repeated freezing and thawing resistance of porous vegetation
concrete with binder type (non-sintering inorganic binder and blast furnace slag cement) and natural jute fiber volume fraction (0.0 %, 0.1 % and 0.2 %)).
The natural jute fiber volume fraction affected the void ratio, compressive strength and repeated freezing and thawing resistance. Added of natural jute
fiber resulted in improved properties of the void ratio, compressive strength and freezing and thawing resistance. Also, the both compressive strength and
freezing and thawing resistance increased with natural jute fiber volume fraction up to 0.1 % and then decreased with fiber volume fraction at 0.2 %.
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FR 7 Eolsto] A= e d"st
2] Eo]|t} (Sung and Kim, 2002, 2003; Park et. al., 2002;
Kimet. al., 2013; Lee et. al., 2011). SR thz-4d AAJE=2]
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Eof digh A7 AWElo] theret AukE Gt ol
(Kim et. al., 2014), QEFA 0 & 1] 44 H7| AT 2317}
flo) 4 v 22l A2lo] ofgh 1Tk 9 S A
5 2 ARg-Eoj9lt)(Kim and Song, 2013). 1Y 2L &

A= A=A19] 2433t mAY S-S o83t 2F8H4] At (geo-
polymerization, E&¢ ¥F-§-5)2 G =5f0] A|ZR5E H|A
d F71AGA AFo] NLE o] T A7 ofd AJHIE
A Az 2 o) ARg-o] A= HEE AL ¢tk (Kim and Song,
2013; Kim et. al., 2014). F35F 23 % SHI Q&8 =
ol A Aol Ak o] A2 177} A E T 9l (Cho et
al., 2012a, b; Choi et. al., 2001; Kim et. al., 2013; Mun et. al.,
1997; Youn et. al, 2009). Z3 2| E At oA = AJHE YA
Al s = olitebeta o] wilEshe Eola ey Alg=
Aarstete 177t RaEo] Be ATHE UL 9lck (Han
and Yong, 2009; Kim et. al., 2013). H|&A TV A3 A <] A
£0 AL D opAlheks WEES THAIZ 4 Aok
weba] 2 Ao A= vl Fr AR E 483 the A
A Eo] tgE A4S AASkaLAL gtk Eqt URbA
© 2 v AREAY E ZAYENA Aot 3=
o] 7] WEo] ofah4 4% 9 Uhdo] 247t (Kim et
al, 2013). o9} 22 BRI 32 3H7] Sfoto] Felo] 9 w7}
K50 H7H S Bo10] A4 5 g e ofshd B4
A W52 F A7 HFe =2 Y= it (Youn et al.,
2009; Kim, et. al., 2010; Kim et. al., 2013). R7}4-5-+= 23
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elEe] ghuzl ARYEs ol QI (pull out), 7h
(bridging) % 4159} (fiber fracture) 2-8-& Elo] 729
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AYA1Z1Tk (Lee and Park, 2014a; Lee and Park, 2014b). w2}
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Table 1 Physical properties of coarse aggregate
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Table 3 Properties of natural jute fibers

Elastic . Fiber Fiber Tensile
Density .
modulus (a/ 3) length | diameter | strength | Surface
(GPa) | 9™ (mm) (mm) | (MPa)
H -
ot 126 3 0015 | 510 ydro
philic

Maximum size Density .
(mm) (g/mm) Absorption (%) F.M
25 2.65 0.35 6.92

Table 2 Properties of non—sintering inorganic binder

Properties Value
Cement content 0 %
Compressive strength 40~80 MPa
Resistance of chemical Above 200 % of ASTM Type 1
environment cement
pH 9~11
Resistance of sulfate Above 150 % of ASTM Type 1
environment cement
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Fig. 1 Photo of natural jute fiber
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Table 4 Mix proportion of natural jute fiber reinforced non—sintering
inorganic binder porous vegetation concrete

Unit (kg/m°)
Type of | Water/ Binder (kg) Aggre— Natural
mix | Binder | Water qate | Jut
(kg) BFSC* NSB** (kg) fiber
(kg)
BSC 318 - 0
BSC—fiber
- 2
(1.0) 318 126
BSE)Z—S)ber 318 B 250
———— 0288 o1 1469
NSB - 318 0
NSB-fiber
- 2
(1.0) 318 1.26
NSB—fiber
- 2.52
(2.0) 318 5

* BFSC : blast furnace slag cement
** NSB : non—sintering inorganic binder
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Fig. 2 Void ratio of natural jute fiber reinforced non—sintering

inorganic binder porous vegetation concrete
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Fig. 3 Compressive strength of natural jute fiber reinforced non—
sintering inorganic binder porous vegetation concrete
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Type of mix

Fig. 4 Compressive strength of natural jute fiber reinforced non—

sintering inorganic binder porous vegetation concrete after
repeated freezing and thawing cycles

120

028 days
W 28 days after 100 cycles

N
=)
=1

o
o

@
=]

a0

Residual compressive strength (%)

20 —

(=]
|

BSC BSCfiber-0.1%  BSCfiber-0.2% NSBI(G) NSB(G|-fiber-0.1% NSB{G)-fiber-0.2%

Type of mix

Fig. 5 Residual compressive strength of natural jute fiber reinforced
non—sintering inorganic binder porous vegetation concrete
after repeated freezing and thawing cycles
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Fig. 6 Relationship between compressive strength and void ratio
of natural jute fiber reinforced non—sintering inorganic binder
porous vegetation concrete
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void ratio of natural jute fiber reinforced non—sintering
inorganic binder porous vegetation concrete after repeated
freezing and thawing cycles

Sl

QAP BB 0.1 %ol 4] FF BT RSN 1 F 2

IE77} 71 45 Lebgek

v. 2 B

ot
il
>,

T8 A QAT S B FONAM AAE AL Y B EE
25 % ol Bz ulitol| A RSt oiet. ot At
EYEO] ISR B ISk 27E BYh

72 « Journal of the Korean Society of Agricultural Engineers, 57(2), 2015, 3

webaA] A An}Ad8-0] 5918 T Z LS IA|HIE 9l v AA]
RV ATA A EA R E | FIE G4l Z3p} Sk

2. S AT AT A A I oA AL Sl A
28U Q=70 10 MPa oA AFodulA - E9150.2 %E
Al = ANE 2tk XPOE‘ ohET
%E BYSH YSHAEE ST AF EUSF 0.2 %oﬂ
A =

AHE e,

SAFANAT A AL AAuAF-E EYsHH S
= Z7eRe AR RojFQir) Ea vjaA] Eﬂ’é
TAHE A 7T LR S I HEES ARG S

o RS EA =T SR S Bl

4. 3TN &7t -‘—]’7—'“ By Los o] 57}0}1:4 oF

< oaE0 US4 57} rLrEr 7}0}_ 7%4__ ur]:,}u%r,}
b AAubER-E 0.1 % s =83 A=540=
o ol i Bt Atk Ze & = AT

AL Ab

& Qe FREIAET RIS SARISA EAI S &
F] 219 (14TBIP-C073993-01-000000) 23} 4234 =3
SU

REFERENCES

1. Cho, C.G., H.J. Lim, K.H. Yang, J.K. Song and B.Y. Lee,
2012. Basic mixing and mechanical tests on high ductile fiber
reinforced cementless composites. Journal of the Korea Concrete
Institute, 24(2): 121-127 (in Korean).

2. Cho, C.G., B.J. Kim, K.H. Yang and J.K, Song, 2012. Strength
development of blended sodium alkali-activated ground granulated
blast-furnace slag (GGBS) mortar. Journal of the Korea Concrete
Institute, 24(2): 137-145 (in Korean).

3. Choi, H.Y., M.H. Kim, H.Z. Hwang and S. W. Choi, 2001.



N
oot
I
N
i

>

2
b

Ofob
1=
2
hl

10.

11.

Experimental study on the properties of concrete by the kinds
of admixture and the replacement ratios of activated hwangtoh.
Journal of the Korea Concrete Institute, 13(2): 123-129 (in

Korean).

. Han, S.H. and M.J. Yong, 2009. The future of concrete

admixture industry for low carbon, green growth. Magazine of
Concrete Research, 21(4); 41-43.

. Kim, H.H., S.M. Kang, J.S. Park, S.W. Park, J.H. Jeon, J.H.

Lee, S.S. Cha and C.G. Park, 2010. Performance evaluation of
porous hwang-toh concrete using blast furnace slag cement.
Journal of the Korea Society of Agricultural Engineers 52(3):
9-17 (in Korean).

. Kim, D.H., C.S. Kim and C.G. Park, 2013. Physical and

mechanical properties of non-cement porous concrete with
alkali-activator contents. Journal of the Korea Society of
Agricultural Engineers 52(3): 9-17 (in korean).

. Kim, Y.R. and Y.C. Song, 2013. Manufacturing technology of

mortar compound for floor using non-sintering inorganic
binder, Magazine of Recycled Construction Resource Institute
8(2): 30~34 (in Korean).

. Kim, H.H., C.S. Kim, J.H. Jeon and C.G. Park, 2014. Physical,

mechanical properties and freezing and thawing resistance of
non-cement porous vegetation concrete using non-sintering
inorganic binder. Journal of the Korea Society of Agricultural
Engineers 56(5): 37~44 (in Korean).

. Lee, J.Y., J.S. Park and C.G. Park, 2011. Effect of reinforcing

fiber on mechanical properties and chemical resistance of
porous concrete with hwang-toh. Journal of the Korea Society
of Civil Engineers 55(4): 65~72 (in Korean).

Lee J.Y. and C.G. Park, 2014. Strength, permeability, and
durability of hybrid fiber-reinforced concrete containing styrene
butadiene latex. Journal of Applied Polymer Science, 29(3):
1499-1505.

Lee, J.W. and C.G. Park, 2014. Effect of nanosilica and silica
fume content on the bond properties of macro-synthetic fibre in

cement-based composites. Magazine of Concrete Research,

12.

13.

14.

15.

16.

17.

18.

19.

20.

65(3): 148-157.

Mun, H.Y., S.J. Jung and N.K. Lim, 1997. Blast furnace slag
aggregate. Magazine of the Korea Concrete Institute, 9(6):
18-22 (in Korean).

Oh,R.0O., C.S. Kim, H.H. Kim, J.H. Jeon, W.S. Kwon and C.G.
Park, 2013. Physical, mechanical and temperature properties of
fiber reinforced porous green roof hwang-toh concrete.
Journal of the Korea Society of Agricultural Engineers 55(4):
65~72 (in Korean).

Oh, R.O,, S.S. Cha, S.Y. Park, H.J. Lee, S.W. Park and C.G.
Park, 2014. Mechanical properties and water purification
characteristics of natural jute fiber-reinforced non-cement
alkali-activated porous vegetation blocks. Paddy and Water
Environment. 12(Supp. 1): S149-156 (in Korean).

Park, S.B., B.C. Lee, JH. Kim and D.Y. Yun, 2002.
Planting-ability valuation of porous concrete using industrial
by-products, Journal of the Korea Concrete Institute, 14(4):
623-629 (in Korean).

Park, S.B and C.D. Lim, 2000. Concrete for planting, Magazine
of the Korea Concrete Institute, 12(5): 38~42 (in Korean).
Sung, C.Y. and Y.I. Kim, 2002. Experimental study on pH
reduction by neutralization treatment and curing methods of
porous concrete for planting. Journal of the Korea Society of
Agricultural Engineers 44(2): 99-106 (in Korean).

Sung, C.Y. and Y.I. Kim, 2003. Experimental study on
development of plantable concrete block using rice straw ash
and application for inclined plane, Journal of the Korea Society
of Agricultural Engineers 45(3): 107-114 (in Korean).

Youn, JN., C.Y. Sung and Y.I. Kim, 2009. Physical and
mechanical properties of porous concrete using waste activated
carbon, Journal of the Korea Society of Agricultural Engineers
51(2): 21-27 (in Korean).

Yang, K.H., J.K. Song and K.H. Lee, 2011. A stress-strain
relationship of alkali-activated slag concrete, Journal of the
Korea Concrete Institute, 23(6): 765-772 (in Korean).

sz otel=rg A7 A, 2015 © 73



