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ABSTRACT: The advantages of self-compacting lightweight concrete have led to its increasing use
in the construction industry. The use of different fibers in this type of concrete causes problems such
as reduced flowability and sensitivity to temperature, which challenges the type and method of using
fibers. In the present study, the effects of glass and basalt fibers (GF and BF) and temperature on the
properties of self-compacting lightweight concrete (SCLC) have been investigated. For this aim, the
fresh and hardened properties of 12 SCLC mixes have been investigated that contained monotype and
hybrid fibers. The self-compacting properties of SCLC were assessed using slump flow, T500, V-funnel,
and J-ring. After 28 days of curing, the compressive, splitting tensile and flexural strengths tests were
performed to characterize the mechanical properties of SCLC at room temperature of 20 °C and high
temperatures of 100 and 300 °C. The test results of fresh concrete showed that all the mixes could be
defined as SCLC with good flowability, viscosity, and passing ability. Hardened test results indicated that
the addition of the fibers reduced the compressive strength and increased the tensile strength, flexural
strength, and fracture energy. Moreover, compared to monotype fibers, the hybrid ones effectively
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enhanced the mechanical behaviors of SCLC.
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1- Introduction

Self-compacting lightweight concrete (SCLC) is
recognized as a high-performance concrete that combines
the desirable properties of self-compacting concrete (SCC)
and lightweight concrete (LWC) [1]. In the last decade, the
special effects of different admixtures on the properties of
SCLC have been investigated to improve its workability,
strength, and mix-design procedure [2, 3]. Many researchers
have concentrated on the use of fibers too. They have
reported that the mechanical properties of concrete have
been upgraded by the addition of fibers to it [4].

However, there is a few research about the utilization
of fibers in SCLC. Mazaheripour et al. [5] released that
polypropylene fibers did not influence the compressive
strength and elastic modulus of SCLC. Their results
represented  splitting tensile and flexural strengths
enhancements due to the presence of polypropylene fibers.

Grabois et al. [6] showed steel fiber reinforcement could
improve the SCLC behavior over tensile strength, tensile
Young’s modulus, and strain at tensile peak stress. Their
mixes presented that using lightweight aggregate enabled an
internal curing process, which resulted in low autogenous
shrinkage results. This process was more accentuated at early
ages. In recent years, scientists have done a lot of research
on the effect of temperature on the properties of concrete.
They reported that temperature could have a negative effect
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on concrete strength. Mazloom and Mirzamohammadi [7]
reported that the highest effect of high temperature in fiber-
reinforced cementitious composites was on their flexural
strength. In this article, Basalt (BF) and glass (GF) fibers
are used in SCLC. The primary aim of this paper is to
study, analyze and compare the effects of these fibers on the
workability, mechanical properties, and fracture behavior
of SCLC. The secondary goal of this paper is to investigate
the properties of the specimens exposed to different high
temperatures.

2- Methodology

This experimental research is conducted to study the
changes in properties of SCLC with the addition of basalt
and glass fibers. Then, the specimens are exposed to 100 °C
and 300 °C temperatures to present a comprehensive study
about thermal effects on them. Fresh concrete tests have been
performed to prove their self-compacting properties. It is
worth noting that 324 specimens have been constructed. In
fact, finding the compressive, tensile, and flexural strengths as
well as fracture energy after exposure to the temperatures of
20, 100 and 300 °C were the main goals here.

Fresh properties of the mixes were tested with slump flow,
T500, J-ring, V-funnel and fresh state density. The hardened
properties included compressive strength, splitting tensile
strength and flexural strength. For each compressive and
splitting tensile strength in each temperature, three cylinders
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Fig. 1. Effect of fiber volume fraction on flexural strength

with the dimensions of 100 mm in diameter and 200 mm in
height were casted. Moreover, for testing of flexural strength
at each temperature, three prisms dimensioning 10 x10 x 350
mm were casted for each type of concrete. Demolding was
performed after 24 h of casting; then, the cylinders and prisms
were transferred to the water tank for moist curing till the
testing time.

3- Results and Discussion
3- 1- Fresh properties

The presence of glass and basalt fibers was very effective
in the results of fresh concrete. As the amount of basalt and
glass fibers increased, the flowability of concrete decreased.
Furthermore, by using basalt fibers, the decrease in flowability
was more compared to using glass fibers. The use of basalt
fiber content above 1% by volume of concrete could eliminate
the self-compacting behavior of concrete. The flowability of
the hybrid group had a significant reduction too.

3- 2- Hardened properties
3- 2- 1- Compressive strength

The 28-day compressive strength of all the mixes has
been reduced by adding the fibers. This reduction varied with
different volumetric percentages of the fibers as well as the
various temperatures. The highest reduction in compressive
strength was related to the specimens containing 1% basalt
fibers, which was 6.28%. The reason for this reduction can be
the fact that in the high percentages of fibers, empty spaces
increased; therefore, the compressive strength reduced.

3- 2- 2- Splitting tensile strength
In the fiber-reinforced specimens with 0.25%, 0.5%, 0.75%
and 1% of volumetric basalt fibers at 20 °C, the increases
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in tensile strengths were 5.84%, 10.81%. , 20.76%, 28.94%
respectively. These increases in strengths of glass fibers were
7%, 14.61%, 25.43% and 35.96%, respectively. In the case
of hybrid fibers, the highest growth of tensile strength was
38.3%, which was related to the combination of 0.25% of
basalt fibers and 0.75% of glass fibers.
3- 2- 3- Flexural properties

The flexural strength of the specimens reinforced with
glass fibers was more than the ones reinforced with basalt
fibers. As shown in Figure 1, when the temperature increased,
the flexural strength of the specimens decreased. The lowest
reduction in flexural strength, which was 43.42% in hybrid
fibers at 300 oC, was for the mix containing 0.25% of basalt
fibers and 0.75% of glass fibers.

4- Conclusions

Based on the test results obtained from this experimental
study, it can be concluded that:

1- The usage of glass and basalt fibers up to 1% volumetric
content in self-compacting lightweight concrete covers the
criteria of EFNARC, and the use of more than this amount is
not recommended.

2- At a temperature of 20 °C, the compressive strength
decreased with increasing the fiber content, but the tensile
and flexural strengths increased in this situation.

3- Increasing the temperature of the specimens reduced
the compressive, tensile, and flexural strengths. The highest
reduction was related to the one having 1% of basalt fibers at
the temperature of 300 °C.

4- In the monotype usage of fibers in high temperatures,
glass fibers had better performance than basalt fibers, and
with increasing the temperature, basalt fibers showed less
resistance.

5- In the hybrid usage of fibers, the best results were
related to the combination of 0.75% GF and 0.25% BF fibers.
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Table 5. Fresh state properties results
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Fig. 2.Slump flow test
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Table 6. Compressive strength results
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Fig. 5.Variation in compressive strength of concrete in 20 °C
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Fig. 6.Variation in compressive strength of concrete in 100 °C

ALY c_éulpqo)‘] Ua.fll’l.e(u’d)hﬁ.é &nslia )fl Mbdwdu]c\; J.{.w » L.éL,,” (T doyd & Ls)Li;.é C~o9l&o )by,_; WX O
éb)bwg}i«»u.}’u@uﬁ)@wk_;‘b&)gwddllf)bw 4>y Yoo 9 Voo l¥e L5L°'> dw Rzg.,g“)w u,».i’l.:.nv 9;’ A} dlm

Ml 88U s o ol 50 3 B i &S el ) ) el cawd 4 /50 b BUI el g +/A0 as BUI gl ¢ ogmdas

O s capd Jl gle ol (ip JSS g @il BUI ity oo S )50 sl pite 4 Ul BUIL i (Sily onins (LS o8,



FoYAL TV doio AFer Jlo A ojlad O 093 ¢y yuol ()l yos cwdins 4 i

—o—GF 300 °c BF 300 °c
275 Linear (GF 300 °c) Linear (BF 300 °c)
' 27.19
27
3265 N 5
3 2 \\5'79 Js s R7=0.0852
=255 S :
4 25 25.22 -
5245 24.86
g 24 R2=0.9178 23-56
3 23.5
” 2343
225 22.64
0 0.25 0.5 0.75 1
(IS o

Foo € g id Cungliio yiuloj yl3905 .Y JSU5

Fig. 7.Variation in compressive strength of concrete in 300 °C
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Table 7. Splitting tensile strength results
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Fig. 8. Specimen fracture in Splitting tensile strength
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Table 8. Flexural strength results
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Fig. 9.Flexural strength results

Olowr o G g 9 WS (o Canglie awsly o (533, oy 5l oo
VY] 395 oo Lai liman BUl Lawgs

@ bgpe (hed Cuglio A3 (i (8§ SUI I oslial 5
LXAINE a0 4 add BN oV g U5k BUI 7 /YD oz a0
Sl Sy yp b ohlea 5 lagod alie Ladss sl e
S )iy Bl (oo BUI 9 pl a8 o5 aizdly > Il g 2V
oS 5 48 W3S (155 pppiman oyl S 50y Sllasl | o120 565
et Cunglie (talofl Jobo )3 o S 5 calio Jlasl ey 395 LI 5
Y] Ned oo

LW sl gl jl ol ied sl Cuoglio (g (6 dunlin b
GUI ) molizl by (i Conglio 05, i o il BUI gobs
w3l BUI 281 b oS cal ol pol cpl 5 el anlgs a4 cdinis
355 (Sl Oloww Mo Ll (] 53 9398 (o0 4l oy (25
BLI yiorod Dgd oo i JB slalad byl Kl g odly s I,
Higd (o (hed Cuaglio yid dgmp el g oAb (YIS0 Yo (i )3 Adend

Voo oy jo b ialS b diges (udod Cuoglio Lod yinl3dl L

£+7)

4 oorad 43,3 Yo glos 5 @l GUI oz 4N o £ /N0 v/
SXOINY NN LN Y san & oo Canglio ialidl aals cus
LN sy 4 adind BUI )3 Cuoglio yil38l ol acansl o AFY/YFA
ROWINVAR £ 708 VA s JLEIWAVVLY

o b o 55 BUIL o pels U oy (sld iged 3 ppiomons
5 il GBI 7 /0 s GUIZ VD o sl BUI /YD e
b dgos s B 7+ /¥0 5 il BUII 7 /YD s BLII 7o+ /0
LYAINE o 2 XRUSY o ¥AVAS s & (oded Caoglie i3l aalis
Ll 04

Ay ddends B 1 oolatw] b o pane (gl diged (s Cuoglio
5 il ansly el BUI T oolawl b o pue (b diged 4 Canss (6 yidin
Sl diges 4y bgyye oiied Cuglie (1581 oy iy (ST Bl eolal
ROW AL 2 708 SEN [N ARPAN

wSTye 295 i 59y 2 355 lagm)y > ol Sen 5 Glineyisi
ol a8l ol 58] didads BUI pes il 381 L aiied Cuoglde oS wizdlyyo

b G ot Sy S5l e 8l s ol & Vel ol ol



FVAL ¥V doio VFre Jlo A o)l DY 093 ¢S ol (ol po susie 4y

F
|
I
I
|
|
I
| (—
] ~
F[III Wi IIWZ SN m——— o
b it i

[YA] consld (65 log0d Y ¢ S5

Fig. 10. fracture energy charts
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Fig. 12.Specimen containing 1% basalt fibers in 300 °C Fig. 11.Specimen containing 1% glass fibers in 300 °C
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