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Fig. 1. Four-point bending machine
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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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Fig. 2. Glass fibers used in this study
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Table 3. Quantity of materials consumed in pre-mixed concrete mixing designs
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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. 9. Values of index 110 in designs made by pre-mixed method
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Fig. 10. Values of index 110 in designs made by spray method
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Fig. 11. Values of index 120 in designs made by pre-mixed method
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Fig. 13. R5,10 in specimens of designs made by pre-mixing; a) reinforced specimens to 1.5% fibers; b) reinforced specimens
to 2.5% fibers
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Fig. 15. Comparison of R10,20 in some designs made by pre-mixed method and spray method
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Fig. 16. The fracture figure of the specimens
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Fig. 17. (a) 1.5% fiber reinforced sample in pre-mixed method; b) 6% fiber reinforced sample in spray method
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Fig. 18. SEM images of samples made by a) spray b) pre-mix
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Fig. 19. SEM image of glass fibers at 90 days of age concrete
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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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