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Fine aggregate

% used Sieve size (mm)  Sieve No.
5% 4.75 4
15% 2.36 8
30% 1.18 16
25% 0.425 40
20% 0.250 60
5% 0.150 100

Coarse aggregate

% used Sieve size (mm)  Sieve No.
50 12.5 1.2
50 9.5 3.8

Table 1. Grading of used aggregates.
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Sample MgO (wt.%) Fe;03 (wt.%) CaO(wt.%) Al;,03 (Wt.9%) SiO; (wt.%)
GGBS 11 1.5 38.5 9.5 39.5
Microsilica 0.3 0.8 1.2 1.2 96.5

Table 2. Chemical composition of GGBS and microsilica.
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Fig. 1. SEM iages of a) GBS b) CFRP fibers c) microsilica.

bl b ¥ d g

Sample GGBS Is\;/:ll iccr;) Fiber Gravel Sand V\_/ater Superplasticizer NaOH  Na;SiO;

(Kg/m3) (Kg/m?) (Kg/m®) (Kg/m®) (Kg/m®) (Lit/md) (Lit/m3) (Kg/m®)  (Kg/m®)
GF0S0 394 0 0 1201 647 65 7 45 113
GF1.5S0 388.1 0 5.90 1201 647 65 7 45 113
GF3S0 382.2 0 11.80 1201 647 65 7 45 113
GF0S5 374.3 19.7 0 1201 647 65 7 45 113
GF0S10 354.6 39.4 0 1201 647 65 7 45 113
GF1.5S5 368.4 19.7 5.90 1201 647 65 7 45 113
GF1.5S10 348.7 39.4 5.90 1201 647 65 7 45 113
GF3S5 362.5 19.7 11.8 1201 647 65 7 45 113
GF3S10 342.8 39.4 11.8 1201 647 65 7 45 113

Table 3. Mix proportion of concrete.
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Fig. 3. SEM image of GF3S0 geopolymer concrete.

i b SiO2 (ks Ko 055338 L Ks Sl «
e sladisy sl S sy
s S8 (e Ly opl 25 (SI-O-Si-O-Si-0)
g S 5 a4l 0 oK KU S a1
IS 5 e Ko 3 (VU e T S s sl
Sl ekt o m b s b 08 sl T S

S sl 5 S e

b}.&& sdalie )Lk.:;‘ kJ)A}J.v CFRP t_el.:.u Q.>_5J_9| Sy D

D e

03530 S 5 56 o 2iS Ceslie (golid Cunslis Aile oS
5oy SUl Cuglie [ials pl ax STl o ials GUl
SEOU i Sl L Jl e 53 35 e 350581 /0, 4
Ssb 4 S e Gl i n 5ES Caeglie XY/
LS5 oS 5l o8 ke el s & CFRP U1 s
Sl gLl SUI cpl oSy K53 0 ek 555 0 02

)L&A&)bwut}gb.hﬂjw_}eby&bwu

Compressive strength (MPa)

217

O e D35 LI 4 Mgl el s
S a5 el Cad ey S0 V0L Gl g ek 585
o Ad o OASLES 35 sl 03l O el ek 55 2S5
S Sl eds Sl o 5L asse ST S Lee o
IS 53 68 6 S 0len [6] 355008 s 51 ST plnil 8l
U 05958l L golid Ceglie 345 e sdaline (V)
() I 55 & 680ka sl ol e il ials CFRP
g 03 SUOAs glad s s 4 Wl e 39 0 odalie
s Payakaniti Loy olie XLy, il cxtle aulb
Sl (ool Sl e 55 o sl [25] Ol

ol 0l sdalie sz AJL:.H L: ol

Sess
90

Sample name

Fig. 2. Effect of micro silica and CFRP fibers on compressive
strength of geopolymer concrete.
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Fig. 6. Effect of micro silica and CFRP fibers on water
absorption of geopolymer concrete.
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Fig. 4. Effect of micro silica and CFRP fibers on tensile
strength of geopolymer concrete.
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Fig. 5. Effect of micro silica and CFRP fibers on pulse
velocity of geopolymer concrete.



Compressive strength loss (%)

OLea 5 oz OLLE

o S e o Dy g ey S5 e S

Sl Cwglio w9 -1-¢

YA 51 e el Caslie ilesl 5l Lol SR ONS
Ol JS8 51 S 48 0ken tms e 0L 15 (555 Jas 5
S ol MY ald @i (golid Cwglie il 3 S cdalin
sl asl 2als VAL a4 ey S 07 0358 L
Al > Caslie b s S 4 B SIS e,
ke S s 0 03a3l Loyl oWy des
(e glin 3l Y14/07) AS o Sl & gad (g Ld e slie
o s s 07 e Sl cpl 534S S Olg e opl ol
Sl Caslis 53y e 5 OT 51 s es g s
@ el Canslie (BLI 005381 Ll 5 e 4 )ls 4 gel
53 S VWV Cel GUIV/0T 05580l o ialS s
Hgad Spdpdsh SRl Sle 3l e sed (ol e glie
L Goiosd opl mld (IS 55k 4l SUI Oop38l s o
el 3 &S 5l b Slpen a8 Clidss sl
wly ol Olge 4 ISk Lile ol 5 b Y55
[26,27] ol 0 s3lizal (5 jacs 553

Grde 55 o Ghewl Cuslis » CFRP O 5 s 5 S 1A IS

80

70
60
50

N
o

30
20
10

Sample name

Fig. 8. Effect of micro silica and CFRP fibers on acid resistance of
geopolymer concrete.
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Fig. 7. Effect of micro silica and CFRP fibers on RCPT of
geopolymer concrete.
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Abstract

Concrete is the most widely used building material in construction industry worldwide and its constituents are
easily accessible everywhere. However, cement industry, as the producer of the primary binder of concrete, is one
of the effective sources of environment degradation. Cement production needs extraction of mineral resources and
burning fuel and causes extensive greenhouse emission due to disintegration of raw materials. Cement production
alone is responsible for 7% of global CO, emission with estimated annual growth of 4%. Toward environmental
sustainability, one way is partially or totally replacing cement by waste or byproducts of other industries such as
fly ash, ground granulated blast-furnace slag (GGBS), waste water, metakaolin, and silica fume. Geopolymer is a
cementitious material with comparable characteristics to those of ordinary cement produced by alumina- and
silica-rich waste materials. Therefore, it does not require energy-intensive and polluting calcination process.
Geopolymerization is formed by reaction of silica-alumina under an alkaline solution which creates three
dimensional Si-O-Al-O polymeric chains to attain compressive strength, compared to the ordinary cement which
develops calcium silicate hydrates (C-S-H) as the main adhesive. Extensive research has conducted on
geopolymer concrete. However, more investigations are needed to better understand characteristics of geopolymer
concrete containing additives. Fibers have been proved to have a positive effect on mechanical strength of
concrete. As well, fillers such as microsilica can improve mechanical and durability of concrete. Moreover, most
studies in this area are focused on fly ash-based geopolymers and the investigations on GGBS-based geopolymer
are rare in the literature. In this study, mechanical and durability of GGBS-based geopolymer concrete containing
CFRP fibers and microsilica was investigated. Different concrete samples with 0-3% CFRP fibers and 0-10%
microsilica were prepared and experimentally tested. Sodium Hydroxide (NH) and Sodium Silicate (NS) solutions
were used as alkali activators. 8 M NH as well as NS with 14.7 Na O and 29.4 SiO; were used with the NS/NH
ratio of 2.5. Since no standard existed for mix design of geopolymer concrete, proposed mix design by
Venkatesan and Pazhani was used. Alkaline to binder ratio of 0.4 was selected with 430 kg/m® binder.The
specimens were tested after 28 days of curing. Next, mechanical and durability tests including compressive
strength, tensile strength, ultrasonic pulse velocity, water absorption, RCPT, and acid resistance were conducted
on the samples. Also, microstructure of the geopolymer concrete was investigated. Results of experimental tests
show that, compressive and tensile strength of geopolymer samples decreased by adding microsilica. However,
5% microsilica was the best value to enhance mechanical properties of geopolymer concrete. On the other hand,
microsilica could enhance durability properties of geopolymer concrete so that adding 5% microsilica caused
moderate improvement of water absorption and chloride penetration. The greatest impact of microsilica was on
acid resistance by which adding 5% microsilica resulted in 88% improvement of compressive strength loss.
However, unlike the microsilica, CFRP fibers due to the disruption of concrete integrity had detrimental effect on
mechanical properties and durability of the geopolymer concrete. On the other point of view, microstructure study
showed that all the specimens had micro cracks that could inversely affect the performance of concrete. Also,
SEM images showed that there was not a strong bond between CFRP fibers and binder paste which results low
performance of concrete specimens containing fibers.

Keywords: Geopolymer concrete, Micro silica, CFRP Fibers, Concrete Mechanical Properties, Concrete
Durability
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