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Enhancing the Performance of Polypropylene Fiber Reinforced Cementitious Composite Produced
with High Volume Fly Ash
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Abstract

The synthetic fibers including Polyvinyl alcohol and Polyethylene fibers have been successfully used in the manufacture of high
ductile fiber reinforced cementitious composites. Polypropylene (PP) fiber has also been used in composites, not for the purpose
of achieving a high level of tensile ductility but to improve the fire resistance performance of concrete exposed to high
temperatures. This paper discusses the method for enhancing the performance of composites supplemented with PP fiber. Five types
of mixture proportions were designed with high volume fly ash for testing the performance of composites. Type I cement and fly
ash F were used as binding materials. The water-to-binder ratio was 0.23~0.25, and the amount of PP fiber used was 2 vol%.
Polystyrene bead were also used to increase the tensile ductility of composites. A series of experiments including slump, density,
compression and uniaxial tension tests were performed to evaluate the performance of cementitious composites supplemented with
PP fiber. From the test results, it was exhibited that the performance of composites supplemented with PP fiber can be enhanced

by adopting the mechanics and statistics theory.

Keywords :

Polypropylene, Fiber, Composite, High ductility, High volume fly ash

. 2

FHZ EAPE A AT 2dshel @2 ARG
Qlsto] Akl 271 Bl 37t —7}‘6‘011 kel AE4
AANER! g FAYES] Ao M s 2

| gk A7t s ﬂgﬁﬂi Atk olEdt 1A

ZAE FoA AlHE 78k 2 Ef2e] 302 2% o]

/}j%—g_ Zolglo] 1% QlASHoA 3% o)Ake] =3l

F2 Uehlis 2 a4 ARE 1Y ARR A

A= RGBSl Bue A7S S8k Atk (Kim,

2007; Lee et al., 2009; Kim, 2010; Lee, 2013; Cho et al.,

2012; Ha et al., 2010). °o]&}st HZA 52 e A 7

i A%l <3l AREY A% sk AF 9L Fi

A2 A EES, e Aok MiERAS A S

_L4

AT!

riﬁruﬁrﬂkﬂ
2

o,
ol

3 5o] Stk webA 1A EAS e
Y0 vig vk opujel Ao F HEg vk Fesith
A AT Solkde Egdddl st Eendeas
A7 1A AR ARE S3EE vesd Ay
Aoz Agro] g} (Li, 1998; Wang and Li, 2006). ©]e]
Rlete] FEadd Aie W Az s Eet,
FE Aol E:E FAYES Y WA gomRE FE A}
S¥o] YT} (Won et al.,, 2008; Han et al., 2008; Zeiml et
al., 2006; Bentz, 2000). ©]9} o] EZelzAA A7} 1
AN AR AE E3Asel A85x] ok O]ﬂ{— =
gulddTE Aol vgte] Adros we AT
zkar Qlo} A shde] wHA¥skal, A Alfolr] wiE
mjEgActe] FRbo] viy] wiito|ty Eejoddl A

2ol

Ho,
S
2
Ir
=i
m

e of

=

=

LN
fe
E

o

, e QRS 2L Q] wiEel AlE

i

) A3, Adjstn A& 2w
> A5i4, Fadhil £835) iy
) 429, Fedietn BRFe Rad, wAAL

Copyright ©

* Corresponding author : yunkim@cnu, ac kr
o 2 =Rl gt EYE 20139 6Y 30474 SE]R HUjAIE 20139
14350 E2ANE AASHEY

) 2012 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original

work is properly cited.

118 s=rzsrcgxmzZsts =27 A17# X3S (2013. 5)



2. 4REZ ANHE =gzl 47 2Y

AR AHE 53A57} ot el oJgt WEE A
3} A= vER] flEikE olluA] 213 A 2
Z3a}ojo} 31T} (Leung, 1996; Li and Leung, 1992). oA
F21E P A o] Bgsly] 918k 2o wA, SN
atz2] Wig} glo] At 77 Wil AelE o] sk
gt 2otk ouA] 271 9]FollA] gt o, wWiER A f
do] zdsh=d] Fest oz, T8 A 7l 2
olato] 2kl oA Ato]e] oUx] HE e oJste] 4
olulm, S TR WAE JehllE A 7 34
oA A ofR|7} WlE- X shejolidHct 2 o] AJRisich
(Marshall and Cox, 1988). ©|712 #4107 Hashd o}
21 ()3 2k

S u
=

2

2

% [(m Ous
']b, = 0060 - /0 U(é)d(s = Jtip = E_: /0 U((S)dé (1)

m

S)7IA, gy = Ao, oy Hol A 7hL S
& Jehiek 6, o049 FLES e K, 3 E,
& 77k wEdad Ao GA5E e,

EA0] 79 WA W ZHY A 7k A S
8 mpo|g el gela A o]2d ukel sjxFoR

Y = Qltk 53] A ol A2 At viEA Ao]
oA s}stA] Fah szt FE= A ) ghehe K2t sty
7} guE 39 Af o dAR FRsl] Yepd o,
odsto] 2o wje} sjA A o7 EFHHT (Lin et al., 1997). &
Aol &2 w4 Hollx] A2 a2 A T
= HERNZ] flste] ARSEITE (Wang et al., 1990).

A 208w HollA Aol gt Ha 7t -]

EIA O] A7 ERT Aok Sl 20 RA, o] F7lo

RSeA) RahE 7ol WS F AYE Azl et
vk Wl el jste] shalzk wgsk Bk olRg

2oz wdstd 4 (2)9F Zrh
o, <0y 2)

A7, o= K, 2 HEHA o] Ag=1r]e] o8 A7
o o] ARshk= 7o) oluA] 230 os dg==
Rhd WEZA UeM Ao] Sl stelM wdo] AlEEE
2 A 233 A Eo] Sk web o] F 2AE B
S Hd EEARlY AT A2 3HE oAt

=2

Aoz o] Wyl MY

Ao] el ARAoR ARS 2 gtk FHu)
7t S8l =eel] 7k dde Mg wIEY A Yo 4
g =27] Fxe} MEYA ah|ldel o5l A7gHct dits
o7 mjEZAS A wEY A o Hlglsl] &
7k} (Kim, 2007).

Hol A 7h 82 vER Ao gdo] fitE e 1Y
e Ak A% A7 (¢, k8L gks AAs) S,
Agke] A7)} e, Bt T 739N 1 3ol o] A=

F9lom, A AeS graly] eirs viEZA e

3.1 A2 ZZ 2 HYEt

o] Aol ARZ-SF A=l M3 (F%H))S Table 1] UL
otk 15 REXEATAMES} Ht 270] 17.5 ume]
EetololA]l F7F AFAR AREITE mER A 3] 14dS
mEE X Ao njElste] Frksit) kA wEA 9y
AL HFo] 14 tedd 548 Folahr] YaiMe
ZefolollA|e] X8-S Fo] ZEfolofAl7t AFA g THA
o] ks FAle A FoEHA wEYA AEE W W

SR XSFTRA pE| 28t =28 H17d M3z(2013. 5 119



. plc)

natural flaws

N

_—— B

Cie Sflaw size ¢

(a)

-THNi-

A p (C)

artificial flaws

<HHH-

Chie ﬂaw size ¢

(b)

Fig. 1 Scheme of the flaw size tailoring for saturated multiple cracking in fiber reinforced brittle matrix composites: (a) natural
flaw size distribution with random nature inherent from processing; (b) artificial flaws larger than critical size imposed to

ensure saturation of multiple—cracking (Wang and Li 2004).

Table 1 Mix proportions of Polypropylene fiber reinforced
cementitious composite

Table 2 Properties of Polypropylene fibers

Diameter | Length ;ff:sllti Elongation | Density | Elastic modulus
(pm) | (mm) (Mpi) ) (g/em”) (GPa)
12 10 850 21 0.91 6

Mix # MP1-1|MP1-2 | MP2-1|MP2-2| MP3
Cement 1 1 1 1 1
Fly ash F 2.8 2.8 2.8 2.8 2.8
Polystyrene bead 0 0.092 0 0.092 | 0.092
Water 0.88 0.88 0.88 0.88 0.95
HRWRa® 0.016 | 0016 | 0018 | 0018 | 0.014
Antifoamer 0 0 0.0076 | 0.0076 | 0.0076
Fiber” (by vol.) 2 2 2 2 2

? High—range water—reducing admixture
" High tenacity polypropylene fiber

Fig. 2 Polystyrene beads
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