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ABSTRACT: In fiber reinforced self-compacting concrete, fibers and properties such as filling ability
create a homogeneous mixture. In this research, 10 mix designs are examined and tested, one of which
is related to the control sample and the other 9 designs include steel, macrosynthetic monofilament
(MEX 100), and carbon fiber reinforced polymer (CFRP) fibers with volumetric percentages of 0.25,
0.5 and 0.75. The rheological behavior of fresh self-compacting concrete is investigated by rheometer
test. Moreover, conventional tests that determine the self-compacting properties of fresh concrete,
including slump flow, J-ring, L-box, U-box, and V-funnel tests, are examined. The behavior of hardened
concrete is analyzed based on tests to determine mechanical properties (compressive strength and
modulus of elasticity). The results indicate adding fibers to fresh concrete reduces the self-compacting
and rheological properties of concrete. This effect becomes more visible by increasing the fiber volume
ratio so that the greatest effect could be observed in designs containing CFRP fibers. The results of
mechanical properties of hardened concrete show adding small amounts of fibers to self-compacting
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concrete improves some of these properties, while using large amounts of fibers increases ductility and,  rheological properties

consequently, decreases compressive strength and modulus of elasticity in self-compacting concrete.

1- Introduction

Nataraja et al. (1999) investigated stress-strain curves of
concrete containing steel fibers. The results showed adding
fibers to concrete affected some of the main parameters of the
stress-strain curve. Moreover, adding these fibers to concrete
increased the engineering properties of mortar and concrete,
especially toughness (hardness), compressive strength,
tensile strength, and fatigue resistance [1]. Ponkiewski (2006)
investigated the effect of different types of steel fibers on the
mechanical and rheological properties of self-compacting
concrete. The rheological properties of concrete were
examined by rheometer test. Moreover, parameters of flow
limit and plastic viscosity were investigated and mechanical
properties of concrete were measured by compressive strength
test. The results demonstrated adding these fibers reduced
fresh concrete performance and increased compressive
strength of hardened self-compacting concrete [2]. Babu et
al. (2008) investigated the mechanical properties and stress-
strain behavior of self-compacting concrete containing glass
fibers. In this research, the mixing ratio of self-compacting
concrete strength was adjusted by Nan Su’s method, and
its precise ratios were determined by the Okamura method.
The results revealed adding glass fibers to self-compacting
concrete had no significant effect on the self-compacting
properties of concrete. However, it increased the 28-day
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compressive strength, tensile strength, and flexural strength
of concrete [3]. No study has ever examined and compared the
effect of using MEX 100 and CFRP fibers on self-compacting
concretes focusing on rheological properties (specifically
rheometer device). This research aims to investigate the
effect of new types of fibers on the behavior of hardened self-
compacting concrete using tests that determine mechanical
properties (compressive strength and modulus of elasticity)
as well as rheological behavior of fresh self-compacting
concrete by the novel rheometer test and conventional tests
that determine self-compacting properties of fresh concrete,
including slump flow, J-ring, L-box, U-box and V-funnel
tests.

2- Experimental set up

The fine- and coarse-grained materials used in this research
were double-washed river sand and broken pea gravel,
respectively. The used filler was limestone powder prepared
from one of the mines in Qazvin Province. Moreover, three
types of steel, MEX 100 and CFRP fibers were employed.
CFRP fibers were in the form of sheets, which were cut into
20 mm long sections and used in chopped form.

To investigate the behavior of the mentioned fibers on
self-compacting concrete, 10 mix designs were tested, one of
which was used for the control sample and the other 9 designs
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Fig. 1. Torque-time curves of optimal designs
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Fig. 2. Torque-velocity curve of control sample and
steel fibers

included steel, MEX 100, and CFRP fibers with volumetric
percentages of 0.25, 0.5 and 0.75. Several trials and errors
were performed to achieve fiber self-compacting concrete
with the proper efficiency recommended by EFNARC
standard. Self-compacting concrete tests were carried out in
two modes of fresh and hardened concrete. Fresh concrete
tests included slump flow, J-ring, V-funnel, L-box, U-box and
rheometer tests. Hardened concrete tests included concrete
mechanical tests such as compressive strength, modulus of
elasticity and stress-strain behavior.

3- Results and Discussion

Fig. 1 illustrates the maximum torque values of the tested
designs. The design with CFRP fibers had the highest value,
so that its peak torque values were about 3.4 times that of the
control sample, the reason for which could be attributed to the
increased viscosity of concrete in the design with these fibers.

Fig. 2 indicates torque-time curves in designs with
optimal volume of fibers and compares these designs with the
control sample. The results revealed the design with CFRP
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Fig. 3. Stress-strain curve of designs containing macro-
synthetic fibers

had the most change compared to the control sample, so that
the torque increased with increasing the relative viscosity and
flow resistance values. The linear curve obtained from this
design had a higher slope compared to the control sample due
to having greater torque and was in a higher position.

The elasticity modulus test results were first estimated by
the equations provided in the section of testing process. Then,
the real values were examined in chord and secant modes.
The results showed increasing volume of fibers decreased
stress in stress-strain curves as well as modulus of elasticity
and increased ductility in self-compacting concrete.

Among the used fibers, the most changes in the curves
compared to the control sample were related to designs
containing CFRP, which was in a lower position than the
control sample and its modulus of elasticity values decreased
by about 43% in the design containing 0.75% fibers compared
to the control sample, indicating high ductility and lower
efficiency of self-compacting concrete containing this type
of fibers. Macrosynthetic fibers had a smaller area under
the stress-strain curve at high percentages compared to the
control sample, and its elasticity modulus values in the design
containing 0.75% fibers decreased by about 15% compared
to the control sample. However, its stress-strain curves in
designs containing 0.25 and 0.5 steel fibers were very close
to the control sample, and its modulus of elasticity values
increased by about 1.5% and 0.5% compared to the control
sample, respectively, indicating tension tolerance was more
in designs containing these fibers.

4- Conclusion

Based on the performed tests, the following results were
obtained:

1. The tests conducted by the rheometer device were
carried out in two parts of stress growth and flow curve.
Results of stress growth tests indicated static flow stress
values were directly associated with the maximum torque
so that the static flow stress increased with increasing the
maximum torque values. Results of flow curve tests, including
dynamic flow stress, torque-velocity curve, plastic viscosity
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and condensability, in torque-velocity curves showed the
design containing CFRP fibers had the greatest change
compared to the control sample. The torque increased with
increasing relative viscosity and flow resistance. The linear
curve obtained from this design had a higher slope compared
to the control sample due to having greater torque and was in
a higher position. Investigating dynamic flow stress, plastic
viscosity and condensability showed adding the optimal
volume of fibers to self-compacting concrete increased these
values.

2. The test results of fresh self-compacting concrete
containing fibers showed adding high volume of fibers could
reduce concrete rheological properties and self-compacting
concrete efficiency. Among the fibers used in this research,
the behavior of steel fibers was close to self-compacting
concrete, and macrosynthetic and CFRP fibers caused more
changes in self-compacting concrete, respectively.

3. Results of compressive strength tests of hardened
self-compacting concrete revealed the highest and lowest
compressive strength values were related to designs containing
steel and CFRP fibers, respectively. The values obtained
from the tested designs showed the compressive strength had
a downward trend with increasing the volume of fibers, the
reason for which could be attributed to shrinkage, disruption
of homogeneity, and improper distribution of concrete
fibers. Using low volumes of steel and macrosynthetic fibers
increased compressive strength, which could be attributed to

the reduced length of cracks and microcracks in concrete.

4. Results of elasticity modulus and stress-strain tests
indicated increasing the volume of fibers decreased stress in
stress-strain curves as well as elasticity modulus and increased
ductility in self-compacting concrete. Among the used fibers,
most of the changes observed in the curves compared to the
control sample were related to designs containing CFRP,
which was in a lower position than the control sample, and
its modulus of elasticity in the design containing 0.75%
fibers decreased by about 43% compared to the control
sample, indicating high ductility and low efficiency of self-
compacting concrete containing this type of fiber.
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Table 4. Properties of admixture
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Fig. 4. Rheometer apparatus
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Table 6. Set up of Rheometer apparatus
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Fig. S. Slump flow Results with various fibers
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Fig. 6. Slump flow Results with various fibers
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Fig. 7. J-ring Results with various fibers
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Fig. 8. J-ring Results with various fibers
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Fig. 9. V-funnle Results with various fibers
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Fig. 10. V-funnle Results with various fibers
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Fig. 11. L-box Results with various fibers
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Fig. 12. L-box Results with various fibers
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Fig. 13. U-box Results with various fibers
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Fig. 14. U-box Results with various fibers
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Fig. 16. Static yield stress values of optimal designs
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Fig. 20. Torque-rate curve of control specimen and CFRP fibers
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Fig. 21. Dynamic yield stress values of optimal designs
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Fig. 22. Comparison of plastic viscosity values of optimal designs
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Fig. 23. Comparing the concentration values of the optimal designs
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Fig. 25. Compressive strength values of designs with
CFREP fibers
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Fig. 26. Compressive strength values of designs with
steel fibers
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Fig. 24. Compressive strength values of designs with
macrosynthetic fibers
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Fig. 28. Elastic modulus curve with macrosynthetic fib-
ers
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Fig. 27. Elastic modulus curve with steel fibers
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Fig. 29. Elastic modulus curve with CFRP fibers
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Fig. 30. Stress-strain curve of designs with macrosynthetic fibers
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Fig. 31. Stress-strain curve of designs with CFRP fibers
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Fig. 32. Elastic modulus curve with CFRP fibers

3)90 355 (il 3 22 639k (lgie 39 005 413,515 duolie
G5 o) o ol ol gt 1 43 35 5 e
25 @l osd plsl Sliglel & drgi b gy ol o 298 (0 a3y
1,8 Jols

o ojb olivlel 5l as ) ails g codl by clislejl j5 -
o el plie (ol e oy 4 BUI (39381 AL (o 0515055
Tk 4 bgye (i (p ey o3l 3)90 sy SUI Gl p3 &5 238
oealS S o (CFRP) o0 cosis (s yeuls )8 BUI aop> +/VD
Do (oo (63Y 58 BLI /YD )b 4 by yo Sl diges 4y Canas

U VG il ploj Ll o G polie zalial Y
Sl b @ baye o alss gloj i b )b Gl )3 &S )5
bosye ol onyaS 5 (CFRP) oss cosli gyady 08 S )l
5 coj) CFRP GUI 5 ol ol cde il o ol diges &
A5l o o Mo g BNy (oYL S

ol o] oaimd i odel cunts @l U g L as clinlol 5 -y
5 95 bl [l o b SUI SIS ja (Y jolie 5l oslil o5
25 (o oShives sl > (S

U550 93 50 &S yegy ol bawgy 48,5 g0 wlisles] s —F
P Ign olislesl s )3 sl by b g T LD, AR
8o b Sl (gl (i3 polie 45 il ] odimd s LS 0,

AR

IS5 odimy )l o cunl 00 )8 Ty ials sald diged 4 Caws duo)yd
il o B g5 ol g 515 395 i a5 a5 Yl sy
b sals G0l b duslio ;0 YU sla o yd 53 1 Sittinss )Slo LI

Jode polhe (imen g 039 (§yieS (IS = A (e ) ghaw
& Coms Juoyd VO 139» Sl oy + V0 gyl )b 5> )] dtninY]
2 3¥e8 GBI gy sla 23l o Lol il 008 gy ialS Sl diges
51,0 135» iy gl atpio¥] Jode polie g 03¢ dald diges 4
odimd s a8 Cawl 03,5 Iy ]38l ald dges & Cumd duoyd +,0

Ll oo Bl (sl sl ol 3 iy A5 Jos

&5 ot -F
S ol &8 g slo SUI Elgl 56 oy 4 Goios 0l
ol Cooll (g youdy (12)S g (MEX 100) SeitawgySlo « 50V g8 cla
Dislef XS 651,355 o6 5 53y 8y 1 35 s (CFRP)
ol o soSIioss Lol o Jolite sl (loil 5 oy cng
O»L.o‘): ol Couw pfl)))? O% d)L.‘B) J.\.o e g KW 4»}]3))
(il Jodo ¢ (6Lt Canglio) (SlSo (olss s slo ol
MEX 100 (sla GUI 5l oslazul z36 a8 opl & dn g5 b 03,5 awyp



b 23 55 ol Atio¥] Jgdo i g 483 1,5 aals digei 5l 5 oy

Iy ials Jald s 4 Comd Juopd FY 2gds BUI sy /YD (ol
oS5 g ol Ll g YU (g pdy [ saimd lis a5 canl 03 )

&l
[1] H. Okamura, M. Ouchi, Self-compacting concrete,
Journal of advanced concrete technology, 1(1) (2003)
5-15.
[2] A. Committee, State-of-the-Art report on fiber reinforced
concrete-ACI 544.1 R-96 (Reapproved 2002), ACI
Manual of Concrete Practice, Part, 6 (2008) 2008.

[3] M. Nataraja, N. Dhang, A. Gupta, Stress—strain curves
for steel-fiber reinforced concrete under compression,
Cement and concrete composites, 21(5-6) (1999) 383-
390.

[4] T. Ponkiewski, The Rheological Properties of Fresh Steel
Fibre Reinforced Self-Compacting Concrete, in: Brittle
Matrix Composites 8, Elsevier, 2006, pp. 451-458.

[5]T.S. Babu, M.S. Rao, D.R. Seshu, Mechanical properties
and stress-strain behavior of self-compacting concrete
with and without glass fibers, Asian journal of civil
Engineering (Building and Housing), 9(5) (2008) 457-
472.

[6] 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.

[7]A.Khaloo, E.M. Raisi, P. Hosseini, H. Tahsiri, Mechanical
performance of self-compacting concrete reinforced with
steel fibers, Construction and building materials, 51
(2014) 179-186.

[8] W.J. Long, H.X. Lin, Z.R. Chen, K.L. Zhang, W.L.
Wang, Mechanical properties of fiber reinforced self-

compacting concrete, in:  Applied Mechanics and

il 558 Sas ulie doym 4oy 3l soniine dlatl ,5liiS
Sliglof] @l 295 (50 99 Sl L 55 (Sl o)l A5 45 lag
e ¢ (Swald ol G5 Jeld &S plyp doie iS4 by
OUis 298 (o spdy Ll g Shtdly wjoSuny ¢ Gy —yglitS
SUI Gl z)b o —ygkisS gl e jd a5 cuwl ol osimd
Sygan] 4 bl (o J0lS Bged 4 Cand poisS oy glls CFRP
Ol plp p> Croglie g (oo djoSung p3lie (35 My RalBIL &S
opl ) el Cowty s oxie 9 03,8 g yial3el 5gbusS o ol pen 4y g
Sy cd LS dged b dunlie )3 jiy poliiS il cle 4 )b
)b 5 plie )90 53 el wB)S 13 VL (Gl 3 g il
ool Casdy gl (olsl 1 (6l LS g Stiadly oSy (Soliz
polde cpl (Eol38) Caws oST195 063 i 4y GBI gy (sla Juojd 3458
25
i o lislejl jl sdel Cuwdy s 4 4y b (IS jokas -0
o U Y polie 53938 & tod ol oo S (5l w1 i0g5
5 STy oSy i S ol LalS T s by (ol
Soop o)ldy (9048 BUI 5udms ol 40 eolitwl 350 sl BUI Lo

il 03 )5l s 91 oST3368 322 53 |y oty Sy

on )b Cuwglie Slislell 5l sel Canss @l wlwly —F
LS Cunglio polio (p iy 4 et Ol (o 08 St oST0g5
o b 4 bysye o (a8 5 38 LI (b slo b 4 bgaye
5 odel Cowndy polie wluly S sk a3l o CFRP GUI )l
9y (63lid Canglio b U1 Aoy> Ll b inlol 5,90 sl )b
G iy e Sab e |y ol e g o o Wl oS by Jo5
S doid Ol (o0 e Candls (3 ) SU cunlial 5 5 (S
3] e Seitttang Sle g (3Y58 sly BUI ol palie 030 )10
gl Sy Jsb (uals ]y ol cde ply o 5 205 o ()Lt Cunglis
Cadld oy 0 b Sy,

=i g Y] Jode Slinlejl 5l ons Juobs ol ol p =V
S35 33 35 G o G yslin 151 Spntd ol om 355
S8 Gl g dna¥] Jodo (Al (pioren 5 )5 — 15 gl
oltul 350 (sl BUIl (e 55 .33,5 (o0 o515 355 sl (30 3

sl )b 4 bayo « aald dges b duwlio ;0 b jloges clypuss oy i

VY5



[18] ASTMC494, Standard specification for chemical
admixtures for concrete, American Society For Testing

And Materials, (1999).

[19] INS02930-2, Iranian National Standardization
Organization., (In persian).

[20] EFNARC, Specifications and guide lines for SCC,
(2002-2005).

[21] ASTMC192, Standard Practice for Making and Curing

Concrete Test Specimens in the Laboratory.

[22] R. Farokhzad, S. Yaseri, M.H. Entezarian, A. Yavari,
Investigating Effects of Sulfates on Compressive Strength
of Different Types of Pozzolan Concrete and Measuring
Penetration Rate by Ultrasound Tests at Different Ages,
Concrete Research, 9(1) (2016) 113-130.

[23] R. Farokhzad, H. Divandari, The effect of nano-caco3
and nano-SiO2 on properties of self-compacting concrete,
Journal of Structural and Construction Engineering, 7(4)
(2021) 187-201.

[24] ASTMC469, Standard Test Method for Static Modulus
of Elasticity and Poisson’s Ratio of Concrete in

Compression.

[25] ACI318, Building Code Requirements for Structural

Concrete.

[26] S. Yehia, S. Farrag, O. Abdelghaney, Performance
of Fiber-Reinforced Lightweight Self-Consolidating
Concrete Exposed to Wetting-and-Drying Cycles in Salt
Water, ACI Materials Journal, 116(6) (2019).

[27] F. Aslani, S. Nejadi, Mechanical characteristics of self-
compacting concrete with and without fibres, Magazine

of Concrete Research, 65(10) (2013) 608-622.

[28] F. Aslani, S. Nejadi, Self-compacting concrete

incorporating  steel and  polypropylene fibers:
Compressive and tensile strengths, moduli of elasticity
and rupture, compressive stress—strain curve, and energy
dissipated under compression, Composites Part B:

Engineering, 53 (2013) 121-133.

Y5

Materials, Trans Tech Publ, 2014, pp. 797-801.
[9] S. Yehia, A. Douba, O. Abdullahi, S. Farrag, Mechanical

and durability evaluation of fiber-reinforced self-
compacting concrete, Construction and Building
Materials, 121 (2016) 120-133.

[10] A.T. G.Golpasand Investigation of stress-strain curve
and the effect of steel fibers on the mechanical properties

of concrete, GTCCAU 2017 (in Persian).

[11] M. Tabatabaeian, A. Khaloo, A. Joshaghani, E.
Hajibandeh, Experimental investigation on effects of
hybrid fibers on rheological, mechanical, and durability
properties of high-strength SCC, Construction and
Building Materials, 147 (2017) 497-509.

[12] E. Giineyisi, Y.R. Atewi, M.F. Hasan, Fresh and
rheological properties of glass fiber reinforced self-
compacting concrete with nanosilica and fly ash blended,
Construction and Building Materials, 211 (2019) 349-
362.

[13] M. Mastali, Z. Abdollahnejad, A. Dalvand, A.
Sattarifard, M. Illikainen, Comparative effects of using
recycled CFRP and GFRP fibers on fresh-and hardened-
state properties of self-compacting concretes: a review,

New Materials in Civil Engineering, (2020) 643-655.

[14] R.N. Arini, M. Permatasari, P.H. Simatupang,
Comparative of the use of carbon and steel fiber to the
mechanical properties of self compacting concrete, in:
Solid State Phenomena, Trans Tech Publ, 2020, pp. 75-
80.

[15] R. Farokhzad, B. Karimi, Investigation on The effect
of macro synthetic and steel fibers on stress strain and
mechanical properties and durability of fiber reinforced

concrete, Concrete Research, 14(2) (2021) 69-82.

[16] M. Zolfagharzadeh, R. Farokhzad, Influence of various
fibers on rheology behavior of self-compacting concrete,
Journal of Concrete Structures and Materials, 5(1) (2020)
70-91.

[17] ASTMC33, , Standard Specification for Concrete
Aggregates.



WEY B AVYY doio VFY Lo & oyl D )93 epusS pual 3y (wrbites &yt

a2 gl ) Ao ol 4 digSe
M. Dehvedar, S. M. M. Hosseini, The effect of cementing additives on the rheological proper-
ties, thickening time, and compressive strength in drilling operation, Amirkabir J. Civil Eng.,
55(6) (2023) 1237-1262.

DOI: 10.22060/ceej.2023.20644.7488

\YEY




