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ABSTRACT: This paper presents the effects of sand to binder (S/B) ratio and sodium hydroxide (NaOH) 
concentration on setting time, compressive strength, and shear bond strength of fly ash (FA)-Portland cement 
(PC) geopolymer binder. Geopolymer binder is manufactured from FA and PC at the ratio of 90:10 by weight 
of binder. The liquid alkali solution used in this study are sodium hydroxide (NaOH) and sodium silicate 
(Na2SiO3) solutions. The Na2SiO3/NaOH ratio of 2.0, liquid alkali solution/binder ratio of 0.60, and curing 
at ambient temperature are fixed in all mixes. The differences in NaOH concentrations of 5, 10 and 15M and 
S/B ratios of 1.00, 1.25 and 1.50 has been investigated. Test results show that the differences of NaOH 
concentration and S/B ratio has an effect on setting time, compressive strength and shear bond strength of 
FA-PC geopolymer mortar. The setting time of mortars are obviously decreased with increasing of S/B ratio 
whereas the setting time of mortars are obviously increased with increasing of NaOH concentration. 
The compressive and shear bond strengths of mortars increase as increasing of both S/B ratio and NaOH 
concentration up to a threshold limit. The highest slant shear strength between Portland cement concrete 
substrate and FA-PC geopolymer mortar is found in the mortar with 1.25 S/B ratio and 10M NaOH 
concentration which gives 24.1 MPa.   

Keywords: Geopolymer, Fly ash-Portland cement blends, Sand to binder ratio, NaOH concentration, Shear 
bond strength. 

1. INTRODUCTION

The applications of Portland cement (PC) is 
essential to the rapid urbanization in many 
developing countries. Advantages of PC are high 
mechanical performances and low cost; however, 
increasing of PC manufacture corresponds to 
energy and environmental issues. An annual 
publication has reported that approximately 1 ton 
of CO2 emissions for each ton of the PC produced 
[1]. Recently, in addition to PC, geopolymer 
binder has been developed by several researchers 
as an alternative cementing agent [2, 3]. This is 
due to geopolymer binder has less CO2 footprint 
than PC as reported by McLellan et al. [4]. 

Geopolymer binder is made from 
aluminosilicate source materials activated with 
high alkali solutions [5]. Many researchers [2, 3, 6] 
have reported that geopolymer binder can be used 
as cementing agent because there are many 
advantages i.e., high strength, excellent durability 
and high bonding. In Thailand, fly ash (FA) from 
Mae Moh power station is widely used for making 

geopolymer binder [7-9]; however, the production 
of FA geopolymer at ambient temperature gives 
low strength [10]. Some researchers [10, 11] 
reported that the temperature curing at 
approximately 40-75 ºC could enhance the degree 
of geopolymerization within the matrix and hence 
reasonable strength FA geopolymer gain. 
However, in reality, the use of temperature curing 
is difficult for the construction practice. 
Nowadays, the materials which consisted of 
calcium oxide could improve the strength 
development of FA geopolymer. For example, 
Pangdaeng et al. [10] studied on the use of PC to 
replace FA for making geopolymer binder cured at 
ambient temperature. They reported that generated 
heat from hydration products could help the 
geopolymerization process within the geopolymer 
system. Also, Temuujin et al. [12] reported that a 
coexistence of calcium silicate hydrate (C-S-H) 
and geopolymer gel (N-A-S-H) provided higher 
compressive strength of geopolymer binder than 
only N-A-S-H gel.  

One of the important factor on the strength 
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development of geopolymer binder is alkali 
solution. Hanjitsuwan et al. [13] claimed that two 
types of alkali solution viz., sodium hydroxide 
(NaOH) and sodium silicate (Na2SiO3) solutions 
were widely used for making geopolymer binder. 
Also, Hanjitsuwan et al. [13] explained that NaOH 
solution was used for leaching out of Si4+ and Al3+ 
ions whereas Na2SiO3 solution was used for 
condensation process to form aluminosilicate 
material. In addition, ratio of sand to binder is one 
of the important factor for considering as repair 
materials which related to a homogeneous matrix 
of geopolymer binder as reported by Thakur and 
Ghosh [14]. 
 In order to utilize geopolymer binder as an 
alternative repair material, many researchers [2, 3, 
15-19] have studied the setting time, strength 
development and bonding strength for proving 
their properties compared with commercial repair 
materials in the market. As mentioned, the 7-day 
strength requirement of rapid hardening 
cementitious materials was 28.0 MPa as per 
ASTM C928-13 [20], and the initial setting time 
and minimum strength requirements for repair 
binder were 30 minutes and 35.0 MPa, 
respectively, as per ASTM C881/C881M-14 [21]. 
Therefore, the aim of this study is to investigate 
the effects of NaOH concentration and S/B ratio on 
setting time, compressive strength and shear bond 
strength of FA-PC blends geopolymer mortar. The 
obtained results should be very beneficial to the 
understanding and to the future applications of 
geopolymer binder as fundamental of alternative 
repair materials. 

 
2. EXPERIMENTAL DETAILS AND 
TESTING ANALYSIS  
 
2.1 Materials 
 

The materials used in this study are fly ash 
(FA) from Mae Moh power plant in northern 
Thailand, and ordinary Portland cement (PC) 
which is a commercial cement in the market. FA 
had specific gravity, median particle size and 
Blaine fineness of 2.65, 15.3 µm and 4300 cm2/g, 
respectively. While, PC had specific gravity, 
median particle size and Blaine fineness of 3.15, 
14.6 µm and 3600 cm2/g, respectively. The liquid 
alkaline activators were sodium hydroxide (NaOH) 
and sodium silicate (Na2SiO3) with 13.89% Na2O, 
32.15% SiO2, and 54.16% H2O by weight. Fine 
aggregate used in this study was local river sand 
with specific gravity of 2.65, and fineness modulus 
of 2.00. 

The chemical compositions of FA and PC are 
illustrated in Table 1. FA consists of 31.32% SiO2, 
13.96% Al2O3 and 15.64% Fe2O3, and the CaO 
content is high at 25.79%, thus this FA is Class C 

as per ASTM C618-15 [22]. In addition, physical 
properties of FA and PC are illustrated in Table 2.  
Table 1 Chemical compositions of FA and PC 

 
Chemical compositions FA PC 

SiO2 31.32 20.80 
Al2O3 13.96 4.70 
Fe2O3 15.64 3.40 
CaO 25.79 65.30 
MgO 2.94 1.50 
Na2O 2.83 0.40 
K2O 2.93 0.10 
SO3 3.29 2.70 
LOI 1.30 0.92 

 
Table 2 Physical properties of FA and PC 

 
Materials FA PC 

Specific gravity 2.61 3.15 
Median particle size, d50 
(µm) 

15.3 14.6 

Blaine fineness (cm2/g) 4300 3600 
 
Table 3 Mix proportions of FA-PC geopolymer 
mortar 
 

 
 
2.2 Mix proportion of FA-PC geopolymer 
mortar 
 

The mix proportions of FA-PC geopolymer 
mortar with different NaOH concentration and S/B 
ratio are shown in Table 3. Constant liquid alkali 
solution to binder ratio of 0.60, Na2SiO3/NaOH 
ratio of 2.0, and curing at ambient temperature are 
fixed in all mixes. Geopolymer binder is 
manufactured from FA and PC at ratio of 90:10 by 
weight of binder. FA was replaced by PC because  
it needs calcium oxide for enhancing the strength 
development of geopolymer binder when cured at 
ambient temperature as reported by Pangdaeng et 
al. [10]. The NaOH concentrations of 5, 10 and 
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15M, and sand to binder ratios (S/B) of 1.00, 1.25 
and 1.50 have been investigated. 

For the mixing of mortars, NaOH and Na2SiO3 
solutions were firstly mixed together before use as 
liquid solution. The FA, PC, and sand were dry 
mixed until the mixture was homogenous. Right 
after, the liquid solution was added and the mixing 
of mortars was done for 3 minutes. 
 
2.3 Experimental details and testing analysis 
 
2.3.1 Setting time of FA-PC geopolymer mortar 

After mixing, the setting time of FA-PC 
geopolymer was tested following ASTM C191-13 
[23]. 
 
2.3.2 Compressive strength of FA-PC geopolymer 
mortar 

Fresh FA-PC geopolymer mortar was casted in  
50x50x50 mm3 cube molds for compressive 
strength test as per ASTM C109… [24]. After that, 
sample has been wrapped with vinyl sheet to 
protect moisture loss. The samples were cured for 
a day and then demolded with immediately 
wrapped by vinyl sheet and kept in ambient 
temperature until testing age. The compressive 
strength of samples has been tested at the age of 28 
days. The reported results are the average of five 
samples. 
 
2.3.3 Shear bond strength between concrete 
substrate and FA-PC geopolymer mortar 

Portland cement concrete (PCC) is a mixture of 
500 kg/m3 Portland cement, 510 kg/m3 fine 
aggregate, 930 kg/m3 coarse aggregate and 238 
kg/m3 water, respectively. The 28-day compressive 
strength and Young's modulus of PCC were 35.0 
MPa and 27.5 GPa, respectively, which based on 
previous studies [2, 3]. As mentioned, fresh PCC 
was casted in a 50x50x125 mm3 prism molds. 
After curing time for 90 day, the PCC was cut in 
half at 45° line to the vertical. For preparation of 
shear bond strength between PCC and FA-PC 
geopolymer mortar, fresh FA-PC geopolymer was 
casted into a 50x50x125 mm3 prism mold with the 
other half filled with PCC. Then, samples were 
wrapped with vinyl sheet to protect moisture loss 
and kept in ambient temperature until testing age. 
The shear bond strength is calculated as the ratio 
of maximum load at failure and the bond area. The 
shear bond strength was tested at the age of 28 
days with a constant loading rate of 0.30 MPa/s. 
The reported results are the average of five 
samples. 
 
3. RESULTS AND DISCUSSION  
 
3.1 Setting time of FA-PC geopolymer  

 

The results of setting time of FA-PC 
geopolymer mortar with different NaOH 
concentration and S/B ratio are shown in Fig. 1. 
The initial and final setting times of FA-PC 
geopolymer tend to decrease with increasing of 
both NaOH concentration and S/B ratio. With 
regard to the effect of S/B ratio, it is found that an 
increasing of S/B ratio has an effect on setting time 
of FA-PC geopolymer mortar. For example, the 
initial and final setting times of 10M-1.00SB, 
10M-1.25SB and 10M-1.50SB mortars are 19, 15, 
15 min and 30, 25, 23 min, respectively. This is 
because an increasing of fine aggregate in the 
geopolymer system is related to decrease in the 
paste value within the matrix; therefore, the setting 
time of mortar decreases with increasing of S/B 
ratio. 

For the effect of NaOH concentration, the 
leaching out of Si4+ and Al3+ ions are generally low 
at low NaOH concentration whereas the leaching 
out of Ca2+ is not interrupted. Thus, the solution 
was filled with calcium as reported by Rattanasak 
and Chindaprasirt [25]. Also, Guo et al. [26] 
explained that Ca2+ ion could react with Si4+ and/or 
Al3+ ions from FA to form C-(A)-S-H gels within 
geopolymer system. Hence, the setting time of FA-
PC geopolymer is thus short. At high NaOH 
concentration, the leaching out of Si4+ and Al3+ 
ions are much higher than low NaOH 
concentration. In contrast, Ca2+ ion was hindered. 
Thus, the setting time of FA-PC geopolymer 
increases as increasing of NaOH concentration. 

From this test result, it can be concluded that 
the rapid setting of FA-PC geopolymer is very 
attractive for repair work which the fast setting is 
normally required. As per ASTM C881/C881M-14 
[21], the requiement of initial setting time for use 
as repair binder was 30 min. Therefore, all mixes 
meet the requirement of ASTM standard. 
 

 
Fig. 1 Setting time of FA-PC geopolymer mortar 
with various NaOH concentration and S/B ratio. 
 
3.2 Compressive strength of FA-PC geopolymer 
mortar 
 

The 28-day compressive strength of FA-PC 
geopolymer mortar with different NaOH 
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concentration and S/B ratio are shown in Fig. 2. 
According to Fig. 2, it is found that the 
compressive strength of FA-PC geopolymer 
mortar increases with increasing of both S/B ratio 
and NaOH concentration. For example, the 28 day-
strength of 5M1.00SB, 5M1.25SB, 5M1.50SB, 
10M1.00SB and 15M1.00SB mixes are 40.3, 50.4, 
54.3, 46.8 and 45.1 MPa, respectively.  

As for effect of NaOH concentration, it has  
an effect on the strength development of FA-PC 
geopolymer mortar. At high NaOH concentration, 
the leaching out of Si4+ and Al3+ ions from FA 
particles increase which corresponds to increasing 
of its strength. Hanjitsuwan et al. [13] claimed that 
the formation of N-A-S-H gel was improved at 
high NaOH concentration. Therefore, the 
coexistence of N-A-S-H and C-S-H gels could 
enhance  
the strength development of FA-PC geopolymer 
mortar [19]. However at 15M NaOH, it gives 
lower strength of FA-PC geopolymer mortar than 
that of 10M NaOH concentration. This is due to 
the leaching out of CaO from FA and PC was 
hindered at high NaOH concentration [13]. 
Therefore, 10M NaOH concentration is suitable 
alkali hydroxide for producing FA-PC geopolymer 
mortar. According to Figure 2, it can be concluded 
that the strength of FA-PC geopolymer mortar 
increase as increasing of S/B ratio and NaOH 
concentration up to a threshold limit that are 10M 
NaOH and 1.50 of S/B ratio.  
The relatively highest strength is found in  
the 10M1.50SB mix, which gives 65.1 MPa of  
28-day compressive strength. Hence, all mixes of 
FA-PC geopolymer mortars meet the requirement 
of ASTM standard. 
 

 
Fig. 2 Compressive strength of FA-PC 
geopolymer mortar with various NaOH 
concentration and S/B ratio. 
 

3.3 Shear bond strength between PCC substrate 
and FA-PC geopolymer mortar 

 
Test results of shear bond strength between 

PCC substrate and FA-PC geopolymer mortar 

under different NaOH concentration and S/B ratio 
are summarized in Fig. 3. The increase in both of 
NaOH concentration and S/B ratio has an effect on 
shear bond strength between two bonding surfaces. 
The improvement of shear bond strength is directly 
related to the behavior of its strength. For instance, 
the 28 day-shear bond strength of 5M1.00SB, 
5M1.25SB, 5M1.50SB, 10M1.00SB and 
15M1.00SB mixes are 18.2, 18.6, 15.9, 23.3 and 
24.2 MPa, respectively. 

With regard to effect of S/B ratio, the slant 
shear strength between PCC substrate and FA-PC 
geopolymer mortar tends to increase with increase 
in S/B ratio up to a threshold limit that is 1.25 of 
S/B ratio. As mentioned, the slant shear strength at 
S/B ratio of 1.50 is obviously decreased when 
compared to S/B ratio of 1.25. As for the effect of 
NaOH concentration, the slant shear strength 
between PCC substrate and FA-PC geopolymer 
mortar tends to increase with increasing NaOH 
concentration. However at 15M NaOH 
concentration, it seems to be a slight reduction. 
The CaO from PC could react with SiO2 and/or 
Al2O3 from FA in the suitable NaOH 
concentration, hence, additional formation of C-S-
H and/or C-A-S-H coexisted with N-A-S-H gels 
was formed [27, 28]. Thus, an enhancement of 
bonding strength at contact zone between PCC 
substrate and FA-PC geopolymer mortar was 
obtained. In contrast, the leaching out of CaO from 
FA and PC was hindered at high NaOH 
concentration [13]. Therefore, bonding at two 
surfaces slight decrease.  

It can be concluded that a mixture of S/B ratio 
of 1.25 and NaOH concentration at 10M gives  
the highest slant shear strength between PCC 
substrate and FA-PC geopolymer mortar. As per 
ASTM C881/C881M-14 [21] is needed the 
minimum bond strength at between 7.0-10.0 MPa; 
therefore, all mixes of this study could develop to 
be a repair binding.  
 

 
Fig. 3 Shear bond strength between PCC 
substrate and FA-PC geopolymer mortar with 
various NaOH concentration and S/B ratio. 
 
4. CONCLUSION 
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 This paper has provided an experimental study 
on setting time, compressive strength and shear 
bond strength of FA-PC geopolymer mortar with 
different NaOH concentrations and S/B ratios. 
Based on the obtained experimental results, the 
following conclusions could be drawn: 

1) The NaOH concentration and S/B ratio 
have an effect on setting time of FA-PC 
geopolymer mortar. The setting time of mortars are 
decreased as increasing S/B ratio. While, the 
increasing NaOH concentration can delay the 
setting time of FA-PC geopolymer mortar. 

2) Compressive strength of FA-PC 
geopolymer mortars are increased with increasing 
S/B ratio and NaOH concentration up to a 
threshold limit. The FA-PC geopolymer mortar 
mixed with 10M NaOH and S/B ratio of 1.50 gives 
the highest 28-day strength of 65.1 MPa. 

3) The FA-PC geopolymer mortar with  
the optimum NaOH concentration and S/B ratio 
improve the shear bond strength between PCC 
substrate and FA-PC geopolymer mortar. The 
increase in shear bond strength is due to an 
enhancement of reaction products between the two 
surfaces. A mixture of S/B ratio of 1.25 and 10M 
NaOH gives the highest slant shear strength of 
24.1 MPa. 

 
5. ACKNOWLEDGEMENTS 
 

The authors gratefully acknowledge the 
financial supported from the Rajamangala 
University of Technology Isan, Thailand; and the 
Sustainable Infrastructure Research and 
Development Center, Khon Kaen University. 
 
 
6. REFERENCES 

 
[1] Ferreira L.F.B., Costa H.S.S., Barata I.I.A., 

Santos Júlio E.N.B., Tiago P.M.N., Coelho 
J.F.J., Precast alkali-activated concrete 
towards sustainable construction. Mag. 
Concrete. Res., Vol. 66(12), 2014, pp. 618-
626. 

[2] Phoo-ngernkham T., Hanjitsuwan S., 
Suksiripattanapong C., Thumrongvut J., 
Suebsuk J., Sookasem S., Flexural strength of 
notched concrete beam filled with alkali-
activated binders under different types of 
alkali solutions. Constr Build Mater., Vol. 
127, 2016, pp. 673-678. 

[3] Phoo-ngernkham T., Sata V., Hanjitsuwan S., 
Ridtirud C., Hatanaka S., Chindaprasirt P., 
High calcium fly ash geopolymer mortar 
containing Portland cement for use as repair 
material. Constr Build Mater, Vol. 98, 2015, 
pp. 482-8. 

[4] McLellan B.C., Williams R.P., Lay J., van 
Riessen A., Corder G.D., Costs and carbon 
emissions for geopolymer pastes in 
comparison to ordinary portland cement. J. 
Cleaner Prod., Vol. 19(9–10), 2011, pp. 1080-
1090. 

[5] Palomo A., Grutzeck M.W., Blanco M.T., 
Alkali-activated fly ashes: A cement for the 
future. Cem. Concr. Res., Vol. 29(8), 1999, 
pp. 1323-1329. 

[6] Songpiriyakij S., Pulngern T., Pungpremtrakul 
P., Jaturapitakkul C., Anchorage of steel bars 
in concrete by geopolymer paste. Mater. Des.,  
Vol. 32(5), 2011, pp. 3021-3028. 

[7] Somna K., Jaturapitakkul C., 
Kajitvichyanukul P., Chindaprasirt P., NaOH-
activated ground fly ash geopolymer cured at 
ambient temperature. Fuel., Vol. 90(6), 2011, 
pp. 2118-2124. 

[8] Sukmak P., Horpibulsuk S., Shen S.L., 
Strength development in clay–fly ash 
geopolymer. Constr Build Mater., Vol. 40, 
2013, pp. 566-574. 

[9] Van Jaarsveld J.G.S., Van Deventer J.S.J., 
Effect of the alkali metal activator on the 
properties of fly ash-based geopolymers. Ind. 
Eng. Chem. Res., Vol. 38(10), 1999, pp. 3932-
3941. 

[10] Pangdaeng S., Phoo-ngernkham T., Sata V., 
Chindaprasirt P., Influence of curing 
conditions on properties of high calcium fly 
ash geopolymer containing Portland cement as 
additive. Mater. Des., Vol. 53, 2014, pp. 269-
274. 

[11] Pangdaeng S., Sata V., Aguiar J.B., Pacheco-
Torgal F., Chindaprasirt P., Apatite formation 
on calcined kaolin–white Portland cement 
geopolymer. Mater. Sci. Eng. C, Vol. 51, 
2015, pp. 1-6. 

[12] Temuujin J., van Riessen A., Williams R., 
Influence of calcium compounds on the 
mechanical properties of fly ash geopolymer 
pastes. J. Hazard. Mater., Vol. 167(1-3), 2009, 
pp. 82-88. 

[13] Hanjitsuwan S., Hunpratub S., Thongbai P., 
Maensiri S., Sata V., Chindaprasirt P., Effects 
of NaOH concentrations on physical and 
electrical properties of high calcium fly ash 
geopolymer paste. Cem. Concr. Compos., Vol. 
45, 2014, pp. 9-14. 

[14] Thakur R.N., Ghosh S., Effect of mix 
proportion on compressive strength and 
microstructure of fly ash based geopolymer 
composites. ARPN J Eng Appl Sci., Vol. 4(4), 
2009, pp. 68-74. 

[15] Hawa A., Tonnayopas D., Prachasaree W., 
Taneerananon P., Development and 
Performance Evaluation of Very High Early 



International Journal of GEOMATE, Jan., 2018 Vol.14, Issue 42, pp.52-57 

57 
 

Strength Geopolymer for Rapid Road Repair. 
Adv. Mater. Sci. Eng., Vol. 2013, 2013, pp. 9. 

[16] Pacheco-Torgal F., Castro-Gomes J.P., Jalali 
S., Adhesion characterization of tungsten mine 
waste geopolymeric binder. Influence of OPC 
concrete substrate surface treatment. Constr 
Build Mater., Vol. 22(3), 2008, pp. 154-161. 

[17] Phoo-ngernkham T., Hanjitsuwan S., 
Damrongwiriyanupap N., Chindaprasirt P., 
Effect of sodium hydroxide and sodium 
silicate solutions on strengths of alkali 
activated high calcium fly ash containing 
Portland cement. KSCE J. Civ. Eng., In Press, 
2016. 

[18] Phoo-ngernkham T., Hanjitsuwan T., Suebsuk 
J., Chindaprasirt P., Use of nano-SiO2 and 
nano-Al2O3 as an additive to improve strength 
development of fly ash-Portland cement 
geopolymer. International Congress on 
Engineering and Information, 2016, pp. 623-
629. 

[19] Phoo-ngernkham T., Maegawa A., Mishima 
N., Hatanaka S., Chindaprasirt P., Effects of 
sodium hydroxide and sodium silicate 
solutions on compressive and shear bond 
strengths of FA–GBFS geopolymer. Constr 
Build Mater., Vol. 91, 2015, pp. 1-8. 

[20] ASTM C928-13, Standard specification for 
packaged, dry, rapid-hardening cementitious 
materials for concrete repairs. Annual Book of 
ASTM Standard, Vol.04.02, 2013 

[21] ASTM C881/C881M-14, Standard 
specification for epoxy-resin-base bonding 
systems for concrete. Annual Book of ASTM 
Standard, Vol.04.02, 2014. 

[22] ASTM C618-15, Standard specification for 
coal fly ash and raw or calcined natural 

pozzolan for use in concrete. Annual Book of 
ASTM Standard, Vol.04.02, 2015. 

[23] ASTM C191-13, Standard test method for 
time of setting of hydrualic cement by vicat 
needle. Annual Book of ASTM Standard, 
Vol.04.02, 2013. 

[24] ASTM C109, Standard test method of 
compressive strength of hydrualic cement 
mortars (using 2-in. or [50 mm] cube 
speciments). Annual Book of ASTM 
Standard, Vol.04.01, 2002. 

[25] Rattanasak U., Chindaprasirt P., Influence of 
NaOH solution on the synthesis of fly ash 
geopolymer. Miner. Eng., Vol. 22(12), 2009, 
pp. 1073-1078. 

[26] Guo X., Shi H., Chen L., Dick W.A., Alkali-
activated complex binders from class C fly ash 
and Ca-containing admixtures. J. Hazard. 
Mater., Vol. 173(1-3), 2010, pp. 480-486. 

[27] Phoo-ngernkham T., Sata V., Hanjitsuwan S., 
Ridtirud C., Hatanaka S., Chindaprasirt P., 
Compressive strength, Bending and Fracture 
Characteristics of High Calcium Fly Ash 
Geopolymer Mortar Containing Portland 
Cement Cured at Ambient Temperature. Arab. 
J. Sci. Eng. Vol. 41(4), 2016, pp. 1263-1271. 

[28] Garcia-Lodeiro I., Palomo A., Fernandez-
Jimenez A., MacPhee D.E., Compatibility 
studies between N-A-S-H and C-A-S-H gels. 
Study in the ternary diagram Na2O-CaO-
Al2O3-SiO2-H2O. Cem. Concr. Res., Vol. 
41(9), 2011, pp. 923-931. 
 

 

Copyright © Int. J. of GEOMATE. All rights reserved, 
including the making of copies unless permission is 
obtained from the copyright proprietors.  


	SHEAR BOND STRENGTH OF FA-PC GEOPOYLMER  UNDER DIFFERENT SAND TO BINDER RATIOS AND  SODIUM HYDROXIDE CONCENTRATIONS
	1. INTRODUCTION
	2. Experimental details and testing analysis
	Table 1 Chemical compositions of FA and PC
	Table 3 Mix proportions of FA-PC geopolymer mortar
	3. RESULTS AND DISCUSSION
	3.1 Setting time of FA-PC geopolymer
	3.2 Compressive strength of FA-PC geopolymer mortar

	3.3 Shear bond strength between PCC substrate and FA-PC geopolymer mortar
	5. Acknowledgements
	6. referenceS


