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Mechanical Properties and Durability of Abrasion of EVA Concrete Reinforced Steel Fiber
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Abstract

This study was performed to evaluate compressive strength, flexural strength, static modulus of elasticity, stress-strain ratio and durability of abrasion on
EVA concrete reinforced steel fiber (SF) in order to use hydraulic structures, underground utilities, offshore structures and structures being applied soil
contaminated area. It is used ordinary portland cement, crushed coarse aggregate, nature fine aggregate, EVA redispersible polymer powder,
superplasticizer and deforming agent to find optimum mix design of EVA concrete reinforced steel fiber. EVA concrete reinforced SF was effected on

the improvement of mechanical properties and durability of abrasion.

Keywords: EVA; steel fiber; compressive strength; flexural strength; modulus of elasticity; stress-strain ratio; durability of abrasion

. M2

AT B 71 5Bk Al ol whet bk s 2
FA8} 5o AIALE BABHAA Bol Mok FxE)
g EE 9 ol e SO BLEAE Wi A2
2202 Avo] EAJ5H: REETRS shafsle] A R4
A)7)= 40lo] |31 9lrk(Song et al., 2008). £3], 5918
8| o) UTIFHE 30404 1001 B A4 e
QLo deke FAu o)) 2 543t B ot et
2 2298 g i) Bt 1850 2kt &
AN Aol =Eolr] §l= A7 olt) (Park et al., 2008;
Won et al., 2007).

L F2E2Y A7 s A B i e flal ohelst
Hpgl gl B Aol tigh A7) o] o R]aL §le
o 2, W] W WofaAd 5ol 93t ol 5AI AL EVA,
SBR 8|2 A F o] Zemof thgt ARgo] F7skaL Qlom
(Bae and Hyung, 2013; Choi et al., 2008; Kim and Sung,
2008), 53], EVA 5315 S8rAl= 2 SEAEH
Askapgel | £22)E 40] 2L FIT WATES A

#  Department of Agricultural and Rural Engineering, Chungnam
National University

#+  Dohwa Engineering Co., Ltd

T Corresponding author
Tel.: +82-54-776-9212 FAX: +82-54-776-9213
E-mail: nk1314@hanmail.net

Received: August 4, 2014

Revised: August 26,2014

Accepted: August 28, 2014

R718F5 A7) RO AU B2 o[5S AeAIA 1
HRHS LA, Bk RS GAPAA B 8

2008).

THH, AHIE B3| = YRy 0 2 ofEska-S Adsh= 1
AR EA HAS AT, QI E= Holaol sl - Eol
47 AL 24799 9k B4 ol TS AT
S1CH(Oh, 2008). ol ez EAAE 741sl7] 9180 % (steel),
] (glass), L2 (nylon), 2|22 (polypropylene), =
2 (carbon) o} 28 414 22| =0 EXsko A 344
5] eaka A AL 29 wAlE 2 o] W o
S0 710 3h= Ao &2 I A 9t} (Kim et al., 2012).

waba], B A= B HEE = AR, AFHAE,
A FTRE U EGF AR ol AA]E rEo] 28517 9
3l g5k EA4 9 Y44 Sxlof B et Z3 2 E VS o)
o A oA ARR-El= Eeto] ofAlE ShA-E ElulE uiRkS
AR Bt 75 HFEVA A ES 5w, HE,
Hebd A, S URE 0 Yekz Al dlejel dges
Fstelc

o

Il. X2 2 "ieH

1, A=
71, Al
AJHIESKS F 5201 0f) 714 S SAF Al &S] HE 25

s FBBI =R A56B AlSE, 2014 * 45



7}-)\

N9 HZH EVA 232 |E

Table 1 Physical properties of aggregates

ltem Size Specific gravity Absorption ratio Fineness Unit weight
(mm) (20°c) (%) modulus (ka/m?)
h
Crushed coarse 5~20 2,61 2.80 6.92 1435
aggregate
Natural fine
(475 252 2.24 2.34 1,478
aggregate
Table 2 Physical properties of EVA redispersible polymer powder
S E Solid content Spec!flc Ash content Appar.e nt Appearence SELIEIE Particle size
polymer gravity density system
Poly vinyl
EVA 99 £ 1% 11 142% 540 + 50 g/L | White powder oly viny 400um
alcohol
Table 3 Physical properties and chemical composition of fly ash
Physical properties Chemical composition(wt, %)
Specific gravity | Specific surface .
o Si0o2 Al203 Fe203 Ca0 Others
(20°C) (/@)
2.39 3,880 53.14 33.91 581 2.54 460
Table 4 General properties of superplasticizer
Specific gravity Freezing point Unit weight Principal Usage
H
S (20°C) P (‘c) (kg/m*) ingredient Caer (%)
Sodium salt of Dark brown
Superplasticizer 12 91 -2 1,190 sulfonate o 1% of binder
liquid
naphthalene
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Table 5 General properties of deforming agent

Type

Composition

Ash content (%)

Deforming agent

Hydrocarbons and
polyglycols
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Table 6 Mix design of EVA concrete reinforced SF
Unit weight (kg/ma)
Mix tvoe| VA SF Binder AE DA S w/B
P %) | (Vol%) Water | Sand | Gravel | (ka/m) | (ka/m’) | (%) | (%)
C FA EVA Total
EO-0 0.0 179 804 893 51.1
SEQ0—-2 0.2 181 802 890 51.7
SEO0—-4 0.4 185 797 885 52.9
—] - 315 35 - 350 35 - 483 ——m
SEO0—6 0.6 191 789 875 54.6
SEO-8 0.8 194 785 871 554
SE0-10 1.0 197 780 866 56.3
E1-0 0.0 177 800 888 50.6
SE1-2 0.2 179 798 885 511
SE1-4 0.4 182 794 881 52.0
— 25 307 35 8 350 3.5 0.04 483 —
SE1-6 0.6 187 788 874 53.4
SE1-8 0.8 190 783 869 543
SE1-10 1.0 192 780 866 54.9
SE2-0 0.0 174 798 886 497
SE2—-2 0.2 176 795 883 50.3
SE2—-4 0.4 179 792 879 511
— 50 299 35 16 350 35 0.08 483 ——
SE2—6 0.6 183 786 872 52.3
SE2-8 0.8 186 782 868 53.1
SE2-10 1.0 188 780 865 53.7
E3-0 0.0 172 793 881 491
SE3-2 0.2 174 791 878 497
SE3—-4 0.4 177 787 874 50.6
— 75 291 35 24 350 35 0.12 483 ——
SE3-6 0.6 180 784 870 51.4
SE3-8 0.8 183 780 866 52.3
SE3—-10 1.0 186 775 860 53.1
E4-0 0.0 169 791 878 483
SE4-2 0.2 17 789 875 48.9
SE4-4 0.4 174 785 871 497
— 10 283 35 32 350 35 0.16 483 —
SE4—-6 0.6 176 783 869 50.3
SE4-8 0.8 179 779 865 511
SE4—10 1.0 182 774 859 52.0

% E: EVA concrete, SE: EVA concrete reinforced steel fiber, SF: steel fiber, C: cement, FA: fly ash, EVA: ethylene vinyl acetate of
redispersible polymer powder, AE: superplasticizer, DA: deforming agent, S volume ratio of fine aggregate, W/B: water/(C+FA+EVA)
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curing ages



AMXE

oL

SMCUC

E A2 Al E10} ghg-she] Aaitell ofaf 1 yme] QFYEt of'E
A7t Eo] A E Y9 TS A& kot &
2] F5-2 A5t 3/ dE e 2w AHE E3A|
FAor FAE YR o] AdsiA Y57t S
L7 © 2 whhE]w (Kim and Sung, 2007), EVAZEQE7.5 %
o] 9] vigtol| A= EVA & Eo] F7Ietel uhet g o=
AHEFFo] 7raE]o] 7k ol PRS- nX]= 3=
O] P& At Wk ofu e} EVAC] of8f] /4 &)

ZEo] FHg el vl AAPF o] HE3 EAE 2

S
bl =
Uil lo] =7t SAolle 2A 71o8kA] Z3ki7] wie

AN

EVAZ Y&l o 75 Sgh viste] A= o=
7= A A= Fig. 104 K= vel o], 57U 28Y
O] A ETFEVA EUE 7.5 %ol vidh F A4F =
UE 0.6 %ol 9] HigolA = A H EdEol S7Hr5
S7¥ok= 7S vERd B, 7 £UE 0.8 %ol gk
oAM=l EdEC] SRS ST A= T
RS- Bt 5 A 7Y, 28U Q] (= =7F17.9~24.5
MPa®} 22.7~29.5 MPaH{] &2 et o, o =28
U5 E=EVA EUE 5.0%% M SUE 0.6 % vt
SE2-39J|A4] 29.2 MPa 2 7|8l g E0-0 ) 2F 11 % A |
Epyith $HH, EVA 29& 10 %Hltol A A58 S E0l
7S ST A S HAth

olgh U2 EVAEYE 7.5 %ol o vidt 5 4l
SUE 6.0%0H 2] vigtol A= EVA7} Z3E o] 3=
S Aj¢] = ERtoh 2t EVAQ] ofal /8 Eafm E5ol Al

E 3P e ek H2d SR S E YR
ZZo] AWsl A =) ok SR Ao &2 dhekEm,
EVAZYE 7.5 %ol viet & ZHF U= 0.8 %ol
O] v EVA E91E 10 % sigoll A== <UE 57t
of| whe} Al ERFO] FHAE| a1, H2H] Ao &2 57 =7} 7
238 A © 2 gtE ) (Park and Lee, 2002; Noh and Sung,
2004; Koo et al., 1992).

|

=

N

2, 3=

7l. EVA E2E0| mE L=

EVAS Eolahviete] 44 27 A9 ATk Fig. 29
A = ek 7o) 24 7202} 28 Ao 42| R} 5.1 MPa
~6.2 MPa®} 6.4 Mpa~7.6 MPa |2 YEelton, EVA
EYE7.5% o vl A =EVA EQ1EC] 715 &
=7t 57Fhe e UERH BHH, EVA E91E 10 % Hi

8
= 7 —2
g | /
5 61 o
- //‘
z
w5
= ——EVA0.0%
£ —=—EVA 2.5%
£ 4 ——EVAG.0% [
= | —=—EVA75%
——EVA10%
3 . . . . ‘ ;
0.0 0.2 0.4 0.6 0.8 1.0
Fiber contents (%)
(a) 7days
10
29 —
g /
= 8
g
w T
= / ——EVA0.0%
E —=—EVA25%
6 ——EVA5.0% [
= —=—EVA7.5%
——EVA 10%

34}

0.0 0.2 0.4 0.6 0.8 1.0
Fiber contents (%)

(b) 28days

Fig. 2 Flexural strength of EVA contents with SF contents in
curing ages
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Fig. 3 Static modulus of elasticity of EVA contents with SF contents
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Fig. 13 Abrasion ratio of EVA content 5.0 % with SF contents
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60
0 500cycles
3 507 ©1,000cycle
n
.‘5 40 | 1.500cycle
= 30
£
g
£ 20
<
10
0 d

E4-0 SE4-2 SE4-4 SE4-6 SE4-8 SE4-10
Type

Fig. 15 Abrasion ratio of EVA content 10 % with SF contents

HA3=Fig. 11, 12, 13, 14, 1504 = vle} Zho| 344
5003]o) 4= - EUEC] 7S vt AL tha
Lash= o] ehd b, 3174 1,0003]2} 1,5003]
N R EUEC] 7 nhgo| sk AT
o] Uebgtt EgE EVAZSIE 5 %% 4+ 1.0 % uligh
SE2-100f|4] 2] %1 1,5008]2] whitgo] 19 %= 7]Fulgt
E0-09] wE-gH ot 2] Yeh Yoki/do] 7Hg 93k A
o2 et

01‘?1?*1 12 344> 500 3] ol A= Ztol] of sl 'Yk
FAS ZAYE FH| EA 5k E2H AWIE R2E=T}



F2 Z55hA nhEo] MG EQlE0] SIS npn
fo] tha 746, 317421,0003] 2 1,5003] | A= 7
A6 Folgo| Z718EE th4ro] 87} hookol 2]31 9§+
Zgof| o5 ZA2|E wEg A A5 S7MIA FE o]
& o] AR A7) WlEel A0 Wehech (Kang ot
al, 2009).

v.Z2 E

i JS5E = TR E AsAasE, g+
1 EFe AR 9 :rLZ of 4-8517] I8l @7gollA
A8 %E}O] ofAlE et Hm]E WS AR A

7 SUEVA Bacl=e] 95 YU SR 8
2. bﬂ%% 2 b A S sk, oldl AuE aokst
W che g,

I YSHAE=EVAE SQehaiete] 49 EVAZES %
oltj¢] uigtell = EVA EE0] S7185 S5t
= A% UeERd i, EVA 28 7.5 %ol ai gl
A EVA B3l80] 571845 7|5 g E0-09] 1%
e o|stR fasths FE UERiGIth EVAESE
of w2 HHE EUT ] B EVA EUET75%
ol <] v %— AT EUE 0.6 %01 <] HHféMth
P EUECl SIS ST S8 Y
& Uehd vhd, 249 398 0.8 %olAk Hig] 1%
i EUECl ST S =T s A
o] LFEhtaL, EVA E9E 10 %ol A= 74414 3180
5715t 2t S e A ashe S UERI ik
2. Y EE=EVAS Eghulghe] 79 EVA EU4E7.5%
oluj vigtol A EVA Zj1E0] 715 J =7 <
7tohs %S LERH HHH, EVA S48 10 % Higol
A BT g aehe o] YERA T EVAZ]IE
e S ST i) 9 EVA EJEL A

Belol BHH BUB| F/1A4E B} E15
= A% et
TR B Y] U EVA SUE 3 24

% 4% 2 b gl glel, &
Y=g &%Lo}t— TrE BTk Yt AP

TrEol 48 7S - 78 Ao & et
3. JeH A== EVA S &1t uigte] 499} EVAES]

Foll W2 7455 AT HiEe] A9 27te] A
= e £ U LRt S iR RS g
ol TiE QhEHIF Bo| EVA BB 44§ S50

0

_m

J

Aglo] fAkE 2ikE Uehfiglon, AdEHEES
0.002~0.003H 9|2 HE AJHEZT 2| EQ] Q&M
E1+ A9l F-AFF T

4. Yot A2 EVAE ZJsh uljghe] - EVASYUES
%A FantEgo] LRt F3FS B o, EVAE
AEof 2 -5 S ufgte] 73% PASIES RS
0| 371rE nigol] sk Ho R Yeht
EVAS}7Hd &9 Al Wiuk/d o oigt axtr) 9-<=5}
e Al o9l

5. EVA Z2]E 9 EVA 39|80 W2 7148 59189
o3t 7497} EVAZ A 2| E Q] oalz] E4] W U
DA AT P 2 SRJEL T
U kA 0 2 EVA 398 5.0 %% 749 528 0.6
%ol Al G512 EAdo] 7P 9-4=3}aL EVA ¥ 7379
ARG w2 HAAd-E aref s uf XA ko 2 A|QtE]
ol Itk

REFERENCES

1. Bae, S. C., and W. G. Hyung, 2013. Properties of polymer
modified mortars using re-dispersible polymer powders. Journal
of the Korea Institute of Building Construction 13(3): 235-241
(in Korean).

2. Choi, S. Y., K. K. Yun, and S. S. Choi, 2008. Strengthen effect
of RC beam overlaid or repaired by VES-LMC. Journal of the
Korea Concrete Institute 20(4): 423-430 (in Korean).

3. Han, S. H.,J. K. Kim, W. S. Park, and D. H. Kim, 2001. Effect
of temperature and aging on the relationship between dynamic
and static elastic modulus of concrete. Journal of the Korea
Concrete Institute 13(6): 610-618 (in Korean).

4. Jo, Y. K., 2009. A study on the water permeability and drying
shrinkage of polymer cement composites. Journal of the Korea
Institute of Building Construction 9(5): 73-79 (in Korea).

5. Kang, S. T., K. N. Hong, S. H. Han, and S. W. Kim, 2009. The
effect of fiber volume fracture on the softening behavior of
steel fiber-reinforced ultra strength concrete, Journal of the
Korea Concrete Institute 21(1): 13-20 (in Korean).

6. Kim, D. H., J. W. Lee, and C. G. Park, 2012. Effect of mineral
admixture on bond between structural synthetic fiber and latex
modified cement mortar under sulfate environments. Journal
of the Korean Society of Agricultural Engineers 54(5): 25-34
(in Korean).

7. Kim, I. S., and C. Y. Sung, 2008. Compressive strength and
acid-resistant of polymer concrete using redispersible polymer

and blast furance slag powder. Journal of The Korean Society

Fsaat sl g A6 A15E, 2014 © 53



S B2 EVA 232|EQ A

StM EM 4l Lotz A

= = O =X

10.

1.

12.

54

Agricultural Engineers 50(5): 19-27 (in Korean).

. Kim., Y. 1., and C. Y. Sung, 2007. Strength and watertightness

properties of EVA Modified high strength concrete. Journal of
the Korean Society of Agricultural Engineers 49(1): 45-54 (in
Korean).

. Koo, B. K., K. S. Jung, and T. B. Kim, 1992. The effect of

reingforcing of steel fiber on the strength properties of the
high-strength concrete. Journal of the Korea Concrete Institute
4(2): 93-101 (in Korean).

Lee, Y. S., and M. K. Joo, 2003. Drying shrinkage and strength
properties of ultrarapid-hardening polymer-modified mortar
using redispersible polymer powder. Journal of the Korea
Concrete Institute 15(3): 409-416 (in Korean).

Noh, K. H., and C. Y. Sung, 2004. Mechanical and drying
shrinkage properties of polypropylene fiber reinforced high
flow concrete, Journal of the Korean Society of Agricultural
Engineers 46(5): 79-85 (in Korean).

Oh, Y. H., 2008. Evaluation of flexural strength for normal and

* Journal of the Korean Society of Agricultural Engineers, 56(5), 2014, 9

13.

14.

15.

16.

high strength concrete with hooked steel fibers. Journal of the
Korea Concrete Institute 20(4): 531-539 (in Korean).

Park, S. B., and B. C. Lee, 2002. Mechanical properties of steel
fiber reinforced concrete using waste glass. Journal of the
Korea Concrete Institute 14(6): 1,032-1,039 (in Korean).
Park, S. K., J. P. Won, and C. G. Park, 2008. Strength properties
and determination method of mix proportion factor of latex
modified concrete. Journal of the Korean Society of Agricultural
Engineers 50(5): 39-50 (in Korean).

Song, H. W., C. H. Lee, and K. Y. Ann, 2008. Factors influencing
chloride transport in concrete structures exposed to marine
environments. Journal of Cement & Concrete Composites 30(2):
113-121.

Won, J. P.,J. Y. Lee, C. G. Park, and S. G. Park, 2007. Optimum
mix proportion of latex modfied repair mortar for agricultural
concrete structures. Journal of the Korean Society of Agricultural
Engineers 49(2): 37-46 (in Korean).





