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Investigation of the Effect of High-Temperature Glass Fibers and Pozzolanic Materials
on Flexural Strength of Concrete by Pre-Mixing and Spraying Method
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ABSTRACT: This paper uses glass fibers and pozzolanic materials with different percentages. To
investigate the flexural strength and toughness indices of concrete produced by pre-mixing and spraying
methods, 15 mixing designs containing different percentages of glass fibers and pozzolanic materials
in the pre-mixed method and 14 mixing designs with spraying method have been tested. All mixing
schemes were also tested at 350, 650, and 1000 °C, and the results were analyzed by scanning electron
microscope (SEM). The use of pozzolanic materials in specimens reinforced with glass fiber improves
the modulus of rupture. The modulus of rupture in the presence of heat and the event of a fire is greatly
reduced, which is a better performance for controlling this reduction process. Also, the flexural strength
of high-temperature samples (1000 °C) can be significantly increased by using metakaolin at different

percentages of 10 and 15%.

Review History:

Received: Oct. 30,2019
Revised: Jan. 22, 2020
Accepted: Feb. 01, 2020
Available Online: Mar. 01, 2020

Keywords:
Glass Fibers
Micro Silica
Metakaolin
Fire

Sem Device.

1- Introduction

Due to the thickness and low weight of the parts made of
glass-reinforced concrete, it is impossible to use reinforcement
in the manufacture of these products. For this purpose, glass
fibers are used to improve the concrete behavior under tensile
and flexural loads and to increase the toughness. Glass fiber
reinforced concrete can be used to make parts in different
shapes and designs. In the past, concrete has only been used in
the manufacture of non-structural products for the restoration
of buildings, sewer lining, tunnel cover, riverbed, and acoustic
barriers. But in recent years, this concrete has been used
as an acceptable structural material for the construction of
industrial halls, prefabricated roofs, and telecommunication
towers [1].

In this study, glass fiber and polypropylene fibers with 1%
and 1.5% volume of concrete were used. After fabricating
the specimens, it was concluded that by increasing the glass
fiber content from 1% to 1.5%, the efficiency of the concrete
decreased drastically and the uniform distribution of fibers
in the mortar became impossible [2]. Mostofi Nejad et al.
studied the mechanical properties of glass fiber reinforced
concrete with different percentages of fibers and different
sand-to-sand ratios. They used four different percentages of
glass fibers (0%, 1.5%, 3%, and 4.5%). After examining the
compressive strength of the specimens reinforced with glass
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fibers, they concluded that if 4.5% of the glass fibers was
used, the compressive strength would be reduced due to the
phenomenon of fibers being shot [3].

2- Experimental program

The purpose of this study is to investigate the effect
of fibers and adhesives on glass fiber reinforced concrete
parameters. In the following, we describe each of the
resistance and behavioral components examined in this study.
The bending test was performed according to BS-EN1170-5
[4] and ASTM C78 [5] by a four-point bending machine.
Usually, the strength of concrete under flexural loading is
determined by the bending behavior of beams with simple
supports. In addition to the bending test, the below hammer
test was also used to calculate the hardness of the concrete.
Flexural loading is commonly used to calculate hardness in
glass fiber reinforced concrete. In this study, only fine grains
(silica sand) were used. It should be noted that to have high-
quality concrete, compliance with the requirements of ASTM
C33 [6] is required. In this research, Portland cement of
Isfahan cement factory was used. The water used in this study
is Arak drinking water which is acceptable in quality. In this
study, different percentages of micro silica, metakaolin, and
nanosilica were used as substitutes for cement in a glass fiber
reinforced concrete mixing scheme.
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Fig. 1. Modulus of rupture in all mixing designs made after
placing in a thermal furnace to pre-mixed method

The silica used in this research is a product of Iran
Ferroalloy Industries Company. The nanosilica used in this
research, with the industrial name of Arosil, is a product of
Unicom Germany. In this study, the WD 500 super-lubricant
manufactured by Arman Chemical Company was used. Two
types of glass fibers are used to make concrete in the pre-
mixed and spray methods.

3- Results and Discussion

According to all internationally accepted standards, the
temperature of fires reaches around 1100 degrees Celsius
over time. To simulate the fire temperatures, the specimens
were placed in a casting furnace. The furnace temperature
change cycle was chosen so that the furnace temperature
could rise to 200 °C for every 2 hours. This process continued
at 800 °C for 5 hours. Then at the end of the fifth hour, the
temperature reached 900 degrees Celsius and at the end of
the sixth hour, the temperature reached 1000 degrees Celsius.
Given the risk of overheating, it was decided to set the
maximum temperature at 1000 °C. Also, from each mixing
scheme, 5 samples were set on fire. It should be noted that
the temperature of the furnace was raised to 350 °C in the
first stage and the specimens were placed in the furnace for
bending tests. In the second and third stages, the furnace
temperature was raised to 650 and 1000 °C, and the bending
test results were investigated. Figs. 1 and 2 are plotted to
compare the flexural strength of the control specimens made
by pre-mixing and spraying methods, with the specimens
being placed at 3, 350, 650, and 1000 °C.
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Fig. 2. Modulus of rupture in all mixing designs made after
placing in a thermal furnace to spray method

4- Conclusion

According to Figs. 1 and 2, it can be concluded that
generally increasing the temperature significantly decreases
the bending strength. This decrease is due to the melting
of fibers or the deformation of glass fibers due to the high
temperature in the concrete. Also, according to the results
obtained at different temperatures, it can be concluded that
glass fibers perform well at temperatures up to 350 degrees
Celsius, gradually increasing to 650 degrees Celsius and
then 1000 degrees Celsius. The SEM image is taken from the
tested sample after warm-up confirms this well (Figure 24).
In this study, pozzolanic materials such as Microcrystalline,
nanosilica, and metakaolin were used to control this decrease
in flexural strength and to prevent melting and deformation
of fibers in concrete. The results show that in the pre-mixed
method, the best performance at 350 °C compared to the
control sample for the mixing design was 2.5% glass fiber
and 15% metakaolin as well as samples containing 2.5%
glass fiber and 15% micro silica, in both the bending strength
increased 28.5 percent compared to control sample. Also at
650 °C, it contains samples containing 2.5% fibers and 15%
metakaolin with a 25% increase in resistance. On the other
hand, at 1000 °C, the samples contained 2.5% glass fiber and
15% metakaolin with an 18% increase in flexural strength.

In the spray method due to the good mixing of cementitious
matrix materials, the best performance at 350 °C for mixing
design is 6% glass fiber and 15% metakaolin, which increased
flexural strength by 68.8% compared to the control. Also at
650 °C, it contains samples containing 6% fibers and 10%
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metakaolin with a 61% increase in flexural strength. On the
other hand, at 1000 °C, the highest increase was observed for
samples containing 6% glass fiber and 10% metakaolin with
a55%
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Table 1. Specifications of glass fibers used in the pre-mixed method [14]
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Table 2. Specifications of glass fibers used in the spray method [15]
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Table 4. Quantities of consumables in sprayed concrete mixing designs
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Fig. 3. Load-displacement diagram from specimens of reinforced designs with 1.5% glass fiber in pre-mixed method after

7 and 28 days
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Fig. 4. Load-displacement diagram from specimens of reinforced designs with 4% glass fiber in spray method after 7 and
28 days
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Table 5. Results of bending strength test for specimens made by pre-mixed method

059, 1+ sladiges 059, YA sladiges 055, V sladiges
MOR LOP MOR LOP MOR LOP Tk el
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
NAYS bI0AF A\ sIY NATZ b/fs PC
AIAF AIAF VY VoYY VeV VT GF1.5
/00 AIRQ VYA AIOY V- IPY Y GF1.5-SF10
10 AIYR NS A/ VoIvY VoIvY GF1.5-SF15
V- IAY Ve 10 V154 AIFY VYV /PO Vs GF1.5-MK10
Vel A YIFY V- /55 A+ VVAY Ve GF1.5-MK15
AIOA AIOA AIVO ¥ 34 AISA GF1.5-NS0.75
A Al VF AIO YO a/+0 AIY GF1.5-NS1.5
AISA AINO a/+0 AIYY VeNY AIVY GF2.5
UYY 3/24 V- I0F YTy VeV Ve GF2.5-SF10
Ve 10 Af /37 /54 V- 1PV AIOY GF2.5-SF15
V- /oY AIAR Ve SAR2 V-Iva UPA GF2.5-MK10
VY AIAF /3 AIY'Y A A=Y GF2.5-MK15
ANy AIY Yo AIY'E AIR4 AR GF2.5-NS0.75
AR YIAY AT YIYY AI§ vIoY GF2.5-NS1.5
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Table 6. Results of 90-day bending strength test for specimens made by spray method

S G’LA-’ MOR AMOR PMOR Lor ALOP PLOP

Washout MP)  (mm) ()  (MPa) (mm) () TP
AR A V4/f yYa/-o Yo- \Y/EY #l+0 fA- GF4
IV ARYARTA INlig AY - \YIY A7AT Of- GF4-SF10
fAYY. ARYAY YAY Y¥- V¥ Y Oy GF4-SF15
AARYA ARVIANG yanN Vo7 ARTARS A N GF4-MK10
f107. Y-I#A YY/IYA Q.. \Y/AYA o/t oy GF4-MK15
Y17, YAIA YAIA FA- \Y/-Y /a4 fv. GF4-NSO0.75
IV \YIYY VY8 7O \YH A \iid f7. GF4-NS1.5
INAANA Y- /0f YVIVO Yoo \Y/Y A% fy- GF6
OINY. Y¥Iv TOIfY AY - VEIYA \1id fA- GF6-SF10
A YY/O OYIVO aA- \Y/IZA BIFo NG GF6-SF15
INAYA YY/oY Ya/A Yy \o/f NI Y¥f-. GF6-MK10

YAd YY/- 0 YYIY AY- \YAY 4 fA- GF6-MK15
YAd YA/ Yo YA- \Y/-4 VIA NE GF6-NS0.75
ZIN. VE/E-A Ya/vo oy \7Ra% YIY YA GF6-NS1.5
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Fig. 5. Rupture modulus in all mixing designs made by pre-mixing method
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Fig. 6. Rupture modulus in all mixing designs made by spray method
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Table 7. Results related to tolerate index and load tolerance percentage after 28 days in specimens made by pre-mixing

method
S5 S F o )b Joxd a s il psls )
20R10 10Rs yer} I Is ekl
\ \ \ PC
INid AR7Al 7169 BIVY ¥y GF1.5
YIY ¥ YigY YIY [NAS GF1.5-SF10
/A ARVid 19N #IA OIvY GF1.5-SF15
/A Y7y YIgd #IFY YIAS GF1.5-MK10
VA [\ATAS /v YIYA OIYY GF1.5-MK15
</¥ Y#IA O/-a¥ N \idd GF1.5-NS0.75
ARIAS Va/vY 7l 5 ol ¥ ¥/ oY GF1.5-NS1.5
AR7Al YYI® 7140 O/b¥ fIve GF2.5
YIY ARV l4i41 #Iv fIvY GF2.5-SF10
ON AR v/ ¥ 10 TIAY GF2.5-SF15
#/\ \avid AYY YigY oIt GF2.5-MK10
#IN OVIF ANOO YIAY [NAR GF2.5-MK15
Y YY/IY [NAY4 INAE4 AN GF2.5-NS0.75
[+F \R¥i4 \ARS4 \7AN YIvy GF2.5-NS1.5
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Table 8. Results related to tolerate indices and load tolerance percentage after 28 days in specimens made by pre-mixing

method
S5 S P )b Jesd ws)s b oLy )
20R10 10 Rs Iz In Is el
\ \ \ PC
N4 ARTAS 7104 BIVY ¥y GF1.5
YIY ¥ \lidt YIY INAY GF1.5-SF10
VA \Rli4 19 #IA OIYY GF1.5-SF15
aUA eIy Vigd 1Py fINF GF1.5-MK10
Vay OVIY v YIVA BIYY GF1.5-MK15
-/a¥ YZIA O/-a¥ I\ \Nigd GF1.5-NS0.75
A R¥AY Va/v¥ #le 5 o/ ¥ ¥/-0v GF1.5-NS1.5
VEN YY/# 7190 NI vy GF2.5
YIY \RVi4 ldidt 7IY fIvy GF2.5-SF10
ON v¥ v/ ¥ I fIAY GF2.5-SF15
#/\ \avid NYY YIgY o/ GF2.5-MK10
#IA OV/F ANOO YIAY oY GF2.5-MK15
Y YYIY [NAY4 OIvE AATN GF2.5-NS0.75
o|-F \./F AARY4 \AN YIvY GF2.5-NS1.5
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Table 9. Results related to tolerate indices and load tolerance percentage after 90 days in specimens made by pre-mixing

method
S5 S5 o )b Joxi wo)s il psls )
20R10 10Rs VEY) I Is ekl
\ \ \ PC
YIV VI /A 1Y YIVO GF1.5
\lid VE/f OIYA DIFY t/4 GF1.5-SF10
\A! YOIA 7170 ZIVY /20 GF1.5-SF15
N Ye/A YT 7IfY f/a GF1.5-MK10
AN VV/A #Iva INAYN (R GF1.5-MK15
</A Y/A YIVY \ids Yo GF1.5-NS0.75
YIY idid INEFN fIYD ¥y GF1.5-NS1.5
#Iv Y¥IY #l-Y OIf AZAR GF2.5
4N YAIA OIAY INANE fIvY GF2.5-SF10
a/ YY/® ZIvY OIfY fIvS GF2.5-SF15
Y4 Yva/f NN YN Y [NAS GF2.5-MK10
\tid YAI¥ 19 ZI0Y (VA GF2.5-MK15
OIY \RVid NN ¥/ Y/ay GF2.5-NS0.75
\VIY VeIY A ¥/-% AW GF2.5-NS1.5
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Table 10. Results regarding tolerate indices and load tolerance percentage after 7 days in specimens made by spray

method
S5 S 5 o )b Jexi wo)s b oLy 5
20R10 10R5 I V7] Is che
\ \ \ PC

AR \YA Yvy/a¥ VY/FY NI GF4
YOA/IDY \YO/IVE YAIVY VYA #IVY GF4-SF10
YYON VEVIE ARYA V4 AR #l-A GF4-SF15
YA-10 VOY/A ARVIANG \Y/OY BIAY GF4-MK10
YAVIY VOA YV/AD \YIEA OIYA GF4-MK15
YYQ/OA \YY/F YOIYYA \YIYF Nidi GF4-NSO0.75
ARRVid \Yorr Yv/f \YIVE DIfF GF4-NS1.5
YFO/FN \YY/E YV/-M AR [NANE GF6
VO \YY/A YANE VY/VY DINY GF6-SF10
\YYAID VOf \ AAVAIN OIA GF6-SF15
\VAY VP IY YVIYY VN #/-Q GF6-MK 10
VYD \OY/- ¢ Y-/ ARVAZN #INYY GF6-MK15
\Yo/7 \YV/# YY/AY \YIYY AR GF6-NS0.75
\RRid VEYIY YY/AY \YIYF BIYD GF6-NS1.5
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Table 11. Results of tolerate indices and load tolerance after 28 days in specimens made by spray method

S5 S P o )b Jesd ws)s b pols b o
20R10 10Rs I I Is
\ \ \ PC

VoY \YV/VY YYIY VY 7l V¥ GF4
YOIy \YY/A YAID ARFINN #/fY GF4-SF10
YWY VOY/¥ YYNAa VE/eY ?If0 GF4-SF15
\YYI® N4 ARTEAY \YIVY AN GF4-MK10
\OYI# VEY/ YAIN? Y/ ZIYA GF4-MK15
\YO/N \YYIY Y¥/-¥ VV/QY DIY? GF4-NSO0.75
af/A ARRTAS Y./fa ARVER OIFF GF4-NS1.5
VY- VYV YOITY VYV INAYA GF6
VYFIO VOYIY Y&/ \YIoF BIAD GF6-SF10
VEF/FY \FAVANS YAIOY VE/-AY b/aq GF6-SF15
VEAID VOY¥/# YAIVO AAVA FINY GF6-MK10
\YPINY \#e YANAY NN i4ING GF6-MK15
ARRYAY \YAIA YYIVY VYA AR GF6-NS0.75

\Al \Y#IA Va/o¥ \YAVY NAR GF6-NS1.5
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Table 12. Results of tolerate indices and load tolerance percentage after 90 days in specimens made by spray method

S90S 3w )b Joxi w8 b el )
Tkl
20R10 10Rs I I Is
\ \ \ PC
INdlid \Y- /Y Y-/IvY YY/VY #1\ GF4
VY- /A \YO/Y YOITA \Y/¥ #INE GF4-SF10
R ATA! \Yo/of YZI00 \Y/EY FINEY GF4-SF15
VO /Y Y fFa YAI# YOV FINY GF4-MK10
VFY/a VFY/E YYIA# \YIFY #Iv GF4-MK15
APIY 4 Y-\A ARTINA N4 GF4-NS0.75
q- VoY VA/AD V- IAD BIVD GF4-NS1.5
AAIFA \VEY/8 YY/<AA \YIYY 71+ GF6
\YY/IYO YYan YONT \Y/IANO BINF GF6-SF10
RA7AN \FY YVIOf AAVAR INAY4 GF6-SF15
VFY/A VFA YAIY VY/AY £ITY GF6-MK10
YYAIAA ATARIEN YA -YA VENO 17\ GF6-MK15
AO/A \YA/Y ARTAR! VV/PY INING GF6-NS0.75
Y#IY \YA/Y ARVAE VYA OIFyY GF6-NS1.5
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Fig. 7. values of index IS in designs made by pre-mixed method
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Fig. 20. The formation of cracks in the fibers after 24 months of sample construction
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Fig. 21. Modulus of rupture in all mixing designs made after placing in a thermal furnace to pre-mixed method
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Fig. 22. Modulus of rupture in all mixing designs made after placing in a thermal furnace to spray method
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Fig. 23. SEM image taken from the samples tested after heating
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