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Fig. 1. Shape of hooked-end steel fibers and modified
polypropylene fibers
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Table 1. Characteristics of fibers
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Table 2. Mix proportions of concrete
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Table 3. Specifications of concrete beams
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Table 4. Results of compressive and flexural strength
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Fig. 4. Process of crack development and failure mode
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Table 5. Test results of beams
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Fig. 5. Failure mode of beam specimens
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Table 6. General specifications of beam failure
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Table 7. Characteristics of growth and development of cracks during loading
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Table 8. A summary of formulas presented to predict shear strength
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Fig. 6. Comparison of experimental results and predicted results of proposed equations
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Table 9. Comparison of experimental results with proposed model of shear strength

2iolol digas (b Canglie

olpiing Joo (o Canglio

wges ol olKile;l ks Sharma Narayanan ~ Imam Kwak Ashour Shine Khuntia

o el and Darvish et al. et al. et al. et al. et al.

e Sy

MPa)
Ci2 YIY? VIYA AR «[/aY? AR VA <[4y VIAY
Caro Y/va VYO VAR AR \VIY VXYY < IYY \/a#
Csa /-0 VoY VIFY \ V/FD \Vidi \/-YY \/a¥
Cs2 YIFA \/f7 VIYY <IZA VAR VY <IY¥ N4

Dygo 4 (VP17 Ken 5 si s 4 (M) s oo el
1 1

] Saw,(t,t(,)(Z[S‘)(”to)’Sp(t”o)f/”71)2 4%1)

Oialejl )0 ouls camlive by Cwglie Hlade bl S, (2,7,) o 5o

GSle S, (10)) eooleiiny (o p Sueglie bl S, (619) 5

Slaxs 71 g ladiges slp Lialejl ;0 oo svmlive & (slacioglio

aS 00,8 olpiin M=

Sy V0 ke b L5 liims Sligio ol il o aiged
9> S8l (Lhp Zuglie (golidn Joo o oy sl
Lry Yol asbos o050
s by Geios (nl 2lilejl mlis Sl ealazal L el 5o
(ot plo lawg ool olpain luly, o wles glo il

ey Bl 4y grle 1 (o Ceaglie Sy Gy Sl 25 Ak

(R? =0.98) coul Jls,55 5 (cobin 285 5 a5 594 oo

/
V,=(/\oV+-/22¥V, a-,—f)\/76'+w/\\/(p§)'“°v ")
p

Cowddy G Lo ls Jlie o ‘Scbliw.‘u)—l =l awslas
&S ohailes Casloads ools Hlas ¥ JSE jo (V) alal, odwl

ool ply o Joud B cdo 3l siw i bl 0sd oo ala>d

SrSaxs -F
Cude by L8, (g9, p ol el Sladllas @bl el

5 b ssileyl sy 5l alizs lacans b as)l % 5 5w

4  Naville et al

AEARY

Toles g enl YAl ol Ses 5 SIS YY) Ken 5 abl
‘) (g 00gde L5]9 5O g (.9“30 [Yla] VQ‘)'SA.‘D 9 ‘JM-AJ 9 [Ylf]
Y] e g plel Jowe 52 4 b Jow dan aisls 13 gy cou
Ol 00 S5 sanline 09> golpiinn Jowe o 1) adade olal il
wisles Sl Lo gl cim i 810 3280 Juwe asuiles Lo
O golginn s Juw jo s oS e (o) jokaie 4

W B
1 1

(MPa) s i polie
I}

—
1

0 T T T T
0 1 2 3 4 5

(MPa) _alSile;T ,olin

aaly j Jolo (o oy @l 9 (AAlesT s awlie ¥ JSi
(1) ol
Fig. 7. Comparison of experimental results and predicted
results of proposed equation (1)

1 Imam etal.
2 Ashour et al.
3 Shinetal.



VFEY B AFYO oo VY v Jlo o ojloud Y 09 ¢ yuuS juol (ylpas wiine &y il

&l -V

[1] T. Uygunoglu, Investigation of microstructure and
flexural behavior of steel-fiber reinforced concrete,
Materials and structures, 41(8) (2008) 1441-1449.

[2] F.U.A. Shaikh, Review of mechanical properties
of short fibre reinforced geopolymer composites,

Construction and building materials, 43 (2013) 37-
49.

[3] Y. Mohammadi, S. Singh, S. Kaushik, Properties
of steel fibrous concrete containing mixed fibres
in fresh and hardened state, Construction and
Building Materials, 22(5) (2008) 956-965.

[4] S. Yazicl, G. Inan, V. Tabak, Effect of aspect ratio
and volume fraction of steel fiber on the mechanical
properties of SFRC, Construction and Building
Materials, 21(6) (2007) 1250-1253.

[5] R.F. Zollo, Fiber-reinforced concrete: an overview
after 30 years of development, Cement and
Concrete Composites, 19(2) (1997) 107-122.

[6] R. Gettu, Fibre Reinforced Concrete: Design and
Applications. BEFIB 2008, RILEM Proc. PRO60,

RILEM Publications SARL, Bagneux, France,
(2008).

[7] M. Di Prisco, G. Plizzari, L. Vandewalle, Fibre
reinforced concrete: new design perspectives,
Materials and structures, 42(9) (2009) 1261-1281.

[8] S. Singh, A. Shukla, R. Brown, Pullout behavior
of polypropylene fibers from cementitious matrix,

Cement and Concrete Research, 34(10) (2004)
1919-1925.

[9] A.E. Naaman, T. Wongtanakitcharoen, G. Hauser,
Influence of different fibers on plastic shrinkage

cracking of concrete, ACI materials Journal, 102(1)
(2005) 49.

[10] M. Soutsos, T. Le, A. Lampropoulos, Flexural
performance of fibre reinforced concrete made
with steel and synthetic fibres, Construction and
building materials, 36 (2012) 704-710.

[11] A.A. Shah, Y. Ribakov, Recent trends in steel
fibered high-strength concrete, Materials & Design,

S ol b3l (o5 Dgels o

S Caglin sy b 5 6958 B aged 4L )
Sl G Lt 555 55 Ul g 59555 5 e
Sk

Ol 4 olel OB L Jlozge (so¥ed BLII g0 adlsl L -Y
S5 +IY0% Cliea & plersnisy L 5 <VO% 5 V%l
2 oS ol b ssaie oSy Liad g o008 alsl alake
A odslive i (sladiges

Olime 4 2l OB L Jlozge 60V ed BLII jogas adlsl L -V
Caoglie oy wm V0% oliee & olugpicl SLI 5 - VA%
Sialejl cov gladigas yo yrvyfrl ol 3 e o (A
A edline

b Sy S5 assl o8y Bl o> o jo Lial33l L -F
deglin po Jsb jgileyl aoys i 23U 5 4l alS G j5oe
@l Br G s S S asly sy 2 SWlas s LB L
.¢$Lufg)§imig<bb;%

bloys cunss 5l Jol> (o Coglie gl anglie b -0
) ot o s oliine gl gt s o1 sl Jpe b
Slge plo 39390 o o g 009 595 JouB BB Lo 2o
A5 oanlive ahade by a8 )b 69y o adnie ol LSU

saslin b, o5 a> e b olislesl plxl 4 azgs L -
6 cos glabade LB ©jgo 4 (53,555 5 wulp s S
Iyl 518 6o¥sd Bl oBp Dgals ld (b polie jolic
Syl 1B eyl 150 Co Gud 4 S 5 o0 g Jolgs

by b oVg G V0% LBl oyoges aslsl L -V
ol ol 5 6 poaly GLIL /Y% L ol o ooy 4i],| laseiie
Ll wyp LS 0 ASTMC1609 Jodllygiws olal 5
2 e Sl by bl Glyie 4 uS s U Gl
D &Bly (B pdy 9550 358 U 4CI318 2011 o lwbew

woor b s G ol (Eale] @l Sl esled L -A
(ot plo lawgy ool ol laly, o wles glo il
Sty Sl b (50 (B0 Conglile (o i s Sl

V€L



Beam With Third-Point Loading), ASTM vol. 0.4,
2 (2005).

[23] G.J. Parra-Montesinos, Shear strength of beams

with deformed steel fibers, Concrete International,
28(11) (2006) 57-66.

[24] D.-Y. Yoo, J.-M. Yang, Effects of stirrup, steel fiber,
and beam size on shear behavior of high-strength

concrete beams, Cement and Concrete Composites,
87 (2018) 137-148.

[25]H.H. Dinh, Shear Behavior of Steel Fiber Reinforced

Concrete Beams without Stirrup Reinforcement,
(2009).

[26] H. Aoude, M. Belghiti, W.D. Cook, D. Mitchell,
Response of Steel Fiber-Reinforced Concrete
Beams with and without Stirrups, ACI Structural
Journal, 109(3) (2012).

[27] ASTM, Standard test method for sand equivalent
value of soils and fine aggregate, (2009).

[28] A. Committee, GASTM C 39 Standard Test Method
for Compressive Strength of Cylindrical Concrete
Specimensé, Annual Book of ASTM Standard,
Section, 4 (2004).

[29] Y.-K. Kwak, M.O. Eberhard, W.-S. Kim, J. Kim,
Shear strength of steel fiber-reinforced concrete

beams without stirrups, ACI Structural Journal,
99(4) (2002) 530-538.

[30] A. Sharma, Shear strength of steel fiber reinforced

concrete beams, in: Journal Proceedings, 1986, pp.
624-628.

[31] M. Khuntia, B. Stojadinovic, S.C. Goel, Shear
strength of mnormal and high-strength fiber
reinforced concrete beams without stirrups,
Structural Journal, 96(2) (1999) 282-289.

[32] R. Narayanan, I. Darwish, Use of steel fibers as

shear reinforcement, Structural Journal, 84(3)
(1987) 216-227.

[33] M. Imam, L. Vandewalle, F. Mortelmans, D. Van
Gemert, Shear domain of fibre-reinforced high-

strength concrete beams, Engineering structures,
19(9) (1997) 738-747.

[34] S.A. Ashour, G.S. Hasanain, F.F. Wafa, Shear

behavior of high-strength fiber reinforced concrete

V€€

32(8-9) (2011) 4122-4151.
[12] W. Yao, J. Li, K. Wu, Mechanical properties
of hybrid fiber-reinforced concrete at low fiber

volume fraction, Cement and concrete research,
33(1) (2003) 27-30.

[13] A.C. Institute, State-of-the art report on fiber
reinforced concrete: reported by ACI Committee
544. ACI 544.1 R-82, in, American Concrete
Institute, 1986.

[14] P. Adebar, S. Mindess, D.S.-. Pierre, B. Olund,
Shear tests of fiber concrete beams without stirrups,
Structural Journal, 94(1) (1997) 68-76.

[15] P. Wang, Z. Huang, J. Jiang, Y. Wu, Performance
of hybrid fiber reinforced concrete with steel fibers
and polypropylene fibers, in: Civil Engineering
and Urban Planning 2012, 2012, pp. 458-461.

[16] A. Alhozaimy, P. Soroushian, F. Mirza, Mechanical
properties of polypropylene fiber reinforced
concrete and the effects of pozzolanic materials,

Cement and Concrete Composites, 18(2) (1996)
85-92.

[17] A. Sivakumar, M. Santhanam, Mechanical
properties of high strength concrete reinforced
with metallic and non-metallic fibres, Cement and
Concrete Composites, 29(8) (2007) 603-608.

[18] M. Hsie, C. Tu, P. Song, Mechanical properties of
polypropylene hybrid fiber-reinforced concrete,

Materials Science and Engineering: A, 494(1-2)
(2008) 153-157.

[19] D.R. Sahoo, A. Solanki, A. Kumar, Influence of
steel and polypropylene fibers on flexural behavior
of RC beams, Journal of Materials in Civil
Engineering, 27(8) (2014) 04014232.

[20] A. ACI, 318-11: Building Code Requirements
for Structural Concrete, Farmington Hills, MI:
American Concrete Institute, (2011) 505.

[21] T. Shioya, M. Iguro, Y. Nojiri, H. Akiyama, T.
Okada, Shear strength of large reinforced concrete
beams, Special Publication, 118 (1990) 259-280.

[22] C. ASTM, 1609: Standard Test Method for Flexural

Performance of Fiber-Reinforced Concrete (Using



[36] A.M. Neville, Creep of plain and structural beams, Structural Journal, 89(2) (1992) 176-184.
concrete, (1983). [35] S.-W. Shin, J.-G. Oh, S. Ghosh, Shear behavior

[37] M. Mazloom, Estimating long-term creep and of laboratory-sized high-strength concrete beams
shrinkage of high-strength concrete, Cement and reinforced with bars and steel fibers, Special
Concrete Composites, 30(4) (2008) 316-326. Publication, 142 (1994) 181-200.

oS ool py @yl sl dlio ol &la)l Y
S. Maghsoodian, F. Jandaghi Alaee, M. Nematzadeh, Shear Behavior of Reinforced Concrete
Beams with Hybrid Crimped-Hooked End Steel Fibers-Modified Polypropylene Fibers ,Amirkabir
J. Civil Eng., 53(4) (2021): 1425-1442.

DOI: 10.22060/ceej.2019.16954.6404

V€LY



