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Flexural Performance of Polypropylene Fiber Reinforced EVA Concrete
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Abstract

This study was performed to evaluate the effective analysis of flexural performance for polypropylene fiber (PF) reinforced EVA concrete that can be
used in marine bridge, tunnel and agricultural structures under flexural load. The control design was applied in ready mixed concrete using 10 % fly ash
of'total binder weight used in batch plant. On the basis of the control mix design, there was designed mix types that contained PF ranged from 0 % to 0.5
% by volume ratio into two mix types of using 0 % and 5.0 % EVA contents of total binder weight. Before evaluating the flexural performance, we tested
compressive strength and flexural strength to evaluate whether polypropylene fiber reinforced concrete could be used or not in site. The method of
flexural performance evaluation was applied by ASTM C 1609. These results showed the maximum compressive strength and flexural strength was
measured at each ESP1 and ESP2. Concrete reinforced with PF exhibited deflection-softening behavior. In the concrete reinforced with 0.4 % PF

contents and containing 5.0 % EVA, the flexural performance was the best.
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= Ao 2 dHA ) (Kakoei et al., 2012; Nam and Sung,
2015). @A A @Gl M= Ze| =2 A-77F e Ad-fell
H|sl} A/ do] $=5t0q, o] & A85te = =go] S+
21t} (Cho et al., 2014; Nam and Sung, 2015).
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Table 1 Physical properties and chemical compositions of normal portland cement

Physical properties

Chemical compositions (wt, %)

ifi Setting time (hr—mm) Compressive strength (MPa)
Specific Si0; | ALOs | MgO | Fe0s | CaO | Others
gravity Initial Final 3days 7days 28days
3.15 5-7 7-20 19 22 32 20.12 502 3.43 3.02 62.00 6.41

Table 2 Physical prope

rties of aggregates

. Specific gravity Unit weight Fineness . - g
Item Size (mm) (20 C) (kg/m) modulus Absorption ratio (%)
Crushed coarse aggregate 5~20 2.61 1,435 6.92 2.80
Natural fine aggregate < 475 2.52 1,478 2.34 2.24
Table 3 Physical properties of EVA redispersible polymer powder
Series of polymer Solid content Specific gravity Ash content Apparent density | Stabilizing system Particle size
EVA 99+1 % 1.1 1112 % 540150 g/L Poly vinyl alcohol 400 um

Table 4 Physical properties and chemical compositions of fly ash

Physical properties

Chemical compositions (wt, %)

Specific gravity (20 °C)

Specific surface (cmz/g)

Unit weight (kg/m®)

SiOz Al>O3 Fe>03 Ca0 Others

2.39

3,880

2.270

53.14 33,91 581 2.54 4,60
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208 LWL 12425 cm, BV 4.541.5 %, A 282 2] A
A7127 = 21 MPa o}fo] B ofu]AE-S Faf 7]
3 (E0PO)& Agaleick 71eulate] 208 W 8l
oA EVAS} PP Ea2| Eof| EYFo2A WA sh=
a4 54 kS ok 9Ja), EVA B18-8 23 5
2F0] 0 % (series 1)2}5.0 % (series 2) . &2 319111, EVA £¢]
Eoll W2 PP+ EUES 24H2H0 %, 0.1 %, 0.2 %, 0.3 %,
0.4%,0.5 %= o} t} 3hE, 954 SR 9 W/BZHAE €]
sto] 45 AE ArAlE AEA S99 0.8 %E ARSI
o EVA Aol e 200 5719 AP
EUAXEAZ EVATFR 0.5 %5 ARG5S 0.1, ofof Tt uf
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Table 5 General properties of superplasticizer

Lt AN HMIE 2 2

&7 E FA A= KS F 24050]| 35} @ 100 x 200 mm
S SAAE A2 AL, | = S AIA=KS F 24089] =35}
o] 60x60x240 mmQl FA|A| S A &elGom, T A% A
A= ASTM C 16090]] 23}0] 100x100x400 mm A A S
At SAIA A2 3 Al AW ol A FAEZE g o
= 24A17F o] 5 e gsiglon, P C RE 7] 3U7t
A pFYAYE 8L 3 o] F 24 o] AP 7HA] 2043 °C, 5
L= 60 %ol 71 AFA S AAISHIT:

J= Sloll AP 28U A+
H x| =2] o HE 2Rel517] Y8) @ 100 x
| = KS F 2405 (222 E Q] (&7 % AJH
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Specificgravity (20 °C)| pH Freezing point (‘C) | Unit weight (kg/m") Principal ingredient Color Usage (%)
12 9+ ) 1190 Sodium salt of sulfonate Dark b.rown 0.8 % of binder
naphthalene liquid
Table 6 General properties of deforming agent
Composition Ash content (%) Apparent density (g/0 ) Color Usage (%)
Hydrocarbons and polyglycols 33 340 White 0.5 % of EVA
Table 7 Mix designs of PP fiber reinforced EVA concrete
Unit weight (kg/ms)
PF
Mix type EVA (%) Binder W/B (%)
P (Vol.%) Water Sand Gravel | AE+SP DA
C FA EVA
EOPO
- 2
(Control) 171 841 901 50.
EOP1 0.1 172 839 899 50.6
Series 1 EOP2 - 0.2 306 34 - 174 836 896 - 51.2
EOP3 0.3 177 831 891 521
EOP4 0.4 181 826 885 53.2
EOP5 0.5 187 818 876 273 55.0
E5P0 - 165 836 895 48,5
E5P1 0.1 166 835 894 488
E5P2 0.2 168 832 892 494
Series 2 5.0 290 34 16 0.7 ———
E5P3 0.3 17 827 886 50.2
E5P4 04 176 821 879 51.8
E5P5 0.5 181 814 872 53.2

* EP: PP fiber reinforced EVA concrete, * EVA: ethylene vinyl acetate of redispersible polymer powder, * PF: PP fiber, * C: cement,
* FA: fly ash, * AE: air entraining agent, * SP: superplasticizer, * DA: deforming agent, * W/B: water/(C+FA+EVA)
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ASTM C 1609+= 7] ASTM C 10189] 27| o] u}=
S 7S oA ek W fEE S84
S A] 2007 A= A= TS0l Fle). o] W2 Fig. 13} 2ol
2|32 A Le/150 L Le/6000]] S 2haalsg

Of

) 0] 7]1Z0] E]QJth (Cho et al., 2014). 3HH, E A Lo A=

oot B A4S Tole] B 4 HAslh
_ Bk 1
b M

o7|A, f = BR=, P==49 Hd 515,
L= A7t (mm), b = g chd Z (100 mm),
d = 7Y $20] (100 mm)

Fig. 20f|4] H= nje} Zol, A7 7 9 28 At =
series 12] 7<% 77} 17.5~19.1 MPa @ 21.1~23.5 MPa,
series 22| 7-9-7}7} 18.8~20.7 MPa 4 22.5~25.3 MPa2 1}
B}, ®E vigto] A 289 AA71E7E 21 MPa o4
THESEgloH, EVA EE] Aelo] PPAR £9E 0.1
%ol A FEZFE} 7R 2 2R LR ATRS B o) E
3t 7+ oFO] PPA-8- EE Y 79, series 27} series 19]] H]
o deha o2 FHFET} A ehh A Bk T
A, A% 79 928 9] HTHAIEA = EVA 5.0 %2} PPA]
§ Z9E 0.1 %< ESP10jA] 20.7 MPa @ 25.3 MPa & 7}
=7 Yepd o, EOP0] A= 7<) @ 28219] oF&7) 18.9
MPa % 23.3 MPao] H]3]] 2}2}9.5 %2}8.6 % A Urebyit.
o]2jat ANz EVA 2] 9431 B 18 2] lalo]] o)
BHols AvtE W/BZF el EejdE Ao 23
2| E YR zzo] A UsjA] Y7 wrt S7FE, PPAR &
QJato 24 W/B7}F AF%8la, ZaeE W] Zto] 2718}
o] Zaju] AlHE wjEG A0l Hg7te] Hate Al o2

= Span length

P, = Peak load = First peak load

8p = Net deflection at peak and first peak loads

Peoo = Residual load at net deflection of Lo/600

Piso = Residual load at net deflection of Ls/150

Residual strength at net deflection of Lo/600

Residual strength at net deflection of Lo/150

Area under the load vs. net defiction curve 0 to Le/150

=
A (Dol 13 e BAEE AN B QAR 5
skaz, 23 Le/1509] sfigsh= sk~ A3 2] WA (M2l 7
B QEAFE Tk ® s Briske e,
201490 KS F 2566 (-4 242 E 3 s A1y
Load
Pyl
faw
Pooo oo fon IR :
Piso

Fle}&ural toughness Index

8p Le/600

Lense  Deflection

Fig. 1 Evaluation of flexural strength and flexural toughness according to ASTM C 1609
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Fig. 3 Flexural strength of each series

o4 AT} 7k Hrks 71 Aol gAsklct
(Kwon et al., 2013; Nam and Sung, 2015; Noh and Sung,
2007; Silva et al., 2002; Silva and Monteiro, 2005).
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7hol| wE W/BS7HRE AR EQ] FEA|shr} o] Foix] A
o|, EVALL HH-5 A U A4, =7 541E o]
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and Nam, 2014).
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i glon, BE gl A 27|t dskE HdiskEe] S
SFRAL, <t ALY A Zheijehd F oke2 g = e
ARRE 7o W Ik TR PP 57w Al 2t
Tz ol A= o] AR ol e ZHRskso ] A sh=

A8AE FEHE UEslom, FEHY o] %, Z{dislE
2 dE5lsRT}t W deflection-softening A5-S 3131,
PP 7 iR 20 7)) A7 ATIe}§ A elE (Cho
et al., 2014; Lee et al., 2006).

3L EVA £ o o} glo| PPAR-E S eHA] &
EOPOR}ESPO=wt Hotz-o] Aok <Xt 127} =7
S RGP Oou] PPAG EUE0.1%,02% L0.3 %S £9)
EOP1, EOP2, EOP3, E5P1, E5P2, ESP3-& 7|4t g o] WAy
T A SIEEATL PASAT, AHTI WRoES
GRS T PPAG EUE 0.1 %= A3 1.2 mm HZof| 4], 0.2
%+=2.2~2.4mmoj| A, 0.3 %=3.0 mmoJA}of| A T3] ==
3RS W 9ith PPAS- £91E 0.4 % ©]A21 EOP4, EOP5, ESP4,
ESPS L H70] Z/baes Aalo] gkl 27kt
5 ThA] sk ZA| FelS Bl ou], 47%3.0mm o)Ak
oA | el = RS Helr) g, -2 PPALR- E}dof of
QAR 2| Faky o 7R o] bRk E A H
Zseries 27} series 10f] H|8f] thas 322 715 Veh = A3
Bk #E351L series 194 5.3~16.9 KN, series 20{| 4]
16.4~17.4 KN 9|2 24 ¥ ¢l on, 2-2 PPA-G 2989
tf5te] EVAE &9t series 22 i B3}50] series 19 B]3]]
Tk 5718 S Bk Gy A 272 series 12
749, PPAS-E L H7}SEEOPO9)| 4] 0.032 mm, PPA-S-E 1
7dgt EOP1~EOP5 ©fl4]+= 0.034~0.038 mm |2 S =31

E

o o ot ook rlo

20
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%
14
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10

Load(KN)

EOP1 EOP2

0.0 05 1.0 15 2.0 25 3.0 35
Deflection(mm)
(a) Series 1

1, series 22] 7%, PPA-S- E 1715 ESP09| A 0.033 mm,
PPAI-G-2 W 7}5E ESPI~ESP5 0] 4] 0.035~0.038 mm & <
A AL series 1 7} series 22] 2Fo]7} A2 9= AH3RS L}Er
W3l

oloh o] B SHEHWZAL HAG A, series 13}
series 2= AutA o 2 P 0.4 %o|AF Al & A%
O MBI} 7} =] Q) O L, series 27 series 1 9] B Sl F-<&
Y o] - Xl 2 A 7o) S7tste] EVAZE R A5 Al
of ok AtAQl A o= UpEbyTh o= PPAl-R-2 QI+
7S A L AR A A A&kt e EVA©L o5 A
A Eejv] o oA AdH ol o8l @ Asol 74l
H Ao 7 JAE} (Cho et al., 2014; Nam and Sung, 2015;
Sung and Nam, 2014).

Lt & ds Bt

Fig. 5= Fig. 49] # 515~ 493 Mol 4 2t wfate] )
3l Al (HE 15 T} =2 A series 12 4.6~5.0 MPa,
series 2+=4.9~5.3 MPa=Z UENG 2™, PPA]-R-0.2 %0f A %
tizro] YElal, EVAS 593t series 27} series 1 o} 7+
w7} 2 ERdT). E3), Series 29] ESP20]A] 5.3 MPa &
control 2] 4.7 MPao]| H|3}| ¢F 12.8 %7} 24 YE=4|, ©]
L KS F 240801 93 T8 o] Ag SAoL
By W e A ek

Fig. 6> Fig. 49| & sl-A7 A4 A4 AR
(MZH150, 2 mm)7HA] B sha~A 5] o] WAl 3t 3 Q1A
A2 PP 415 37 8 PPALS E21% 0.1 %ol Al A

2 mmo| ol A 22 o] g QIR 4=7F LrehubA] ohgtTh

20

18

16

14

12

10

Load(KN)

0.0 0.5 1.0 15 2.0 25 3.0 3.5
Deflection(mm)

(b) Series 2

Fig. 4 Load—Deflection of each series with PP fiber contents
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Fig. 6 Flexural toughness index with PP fiber contents according
to ASTM C 1609
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