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Evaluation of Flexural Performance of Eco-Friendly Inorganic Binding
Material RC Beams Using Sodium Activator
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ABSTRACT In this study, it was developed eco-friendly inorganic binding material concrete using ground granulated blast furnace

slag and alkali activator (water glass, sodium hydroxides). Eight reinforced concrete beam using inoganic binding material concrete

were constructed and tested under monotonic loading. The major variables were mixture ratio of alkali activator, type of admixture

and admixture. Experimental programs were carried out to improve and evaluate the flexural performance of such test specimens,

such as the load-displacement, the failure mode, the maximum load carrying capacity, and ductility capacity. All the specimens were

modeled in scale-down size. The eco-friendly concrete using inorganic binding material encouraged alkali activation reaction was

rapidly hardening speed and showed possibility as a high strength concrete. Also, the RC beams using new materials showed similar

behavior and failed similarly with RC beam used portland cement. It is thought that eco-friendly inorganic binding material concrete

can be used with construction material and product as a basic research to replace cement concrete. If there is application to structures

in PC member as well as production of 2nd concrete product, it could be improved the productivity and reduction of construction

duration etc.
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Table 1 Design parameters of test specimens

Alkaline Binding . o
. activator (%) material (%) Admixtures (%) W/B Sand Aggregate/
Specimen Sodi Blast fu %) percentage | S5
Water glass odium ast TUMAce | gitica fume | Metakaolin (%)
hydroxide slag

GIN5SW1 5M 80 20 -

GIN9SW1 55 M 80 20 -

GINI2SWI 12M 80 20 - 45

GIN9W1 oM 100 - -

40 4

G2N4SW1 4M 80 20 -

G2NIMW1 10 oM 80 - 20

G2NISW2 oM 80 20 - 53

G2N12SW2 12M 80 20 -
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Fig. 1 Details of test specimen (unit: mm)

Table 2 Material properties of the reinforcing bar

Bar |Yield strength Tensile Modulus of
size (MPa) strength (MPa) | elasticity (MPa)
D13 414 600.5 2.04x10°
D10 455 636 1.95x10°
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Table 3 Chemical component of blast furnace slag

Type SiO; |ALO;s| SO3 MgO CaO |[MnO |Fe;05| TiO; | K,O
Slag | 34.7|13.8|0.95|4.38|44.6|0.24|0.11 | 0.74 | 0.48

Table 4 Chemical component of silica fume

Type SiOz A1203 NazO MgO CaO KzO F€203 TiOz
Silica
fume

940 03 02|04 |03 |08 | 08 (035

Table 5 Chemical component of Metakaolin

Type SiOz A1203 NaQO MgO CaO KzO Fe203 TiOz

Meta
kaolin

520402| 04 | 05| 1.2 | 06 | 3.0 | 035
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Table 6 Chemical component of water glass

Specific] Water . Visco-

.. . | NaxO | SiO; |Fe;O03 [Mole| .
Type | pH |gravity|insolution ©) | %) | (%) |ratio sity

(20°C) | ratio (%) (20°C)

more less more
let:;r 112 3~ than lesso t2han 9~10 2380~ than 33; 14~ than
& 13 : 03 | 7] 100

Table 7 Chemicophysical property of sodium hydroxide

Melting|Boiling| Vapor Watfs r
. . .. |solutino
Type | State | Hue | point | point |pressure|Density .
Ty | (C) | pa) ratio
(€49)
NaOH | Solid |White| 318 |1388°C| 55 2.13 | 520

Table 8 Test result of concrete strength

Age (day) Concrete strength (MPa)
Specimen 3 days 7 days 28 days
GINSSW1 20.3 27.9 38.5
GIN9SW1 12.7 21.5 41.8
GINI2SW1 12.5 19.2 37.4
GIN9W1 11.4 15.5 17.8
G2N4SW1 13.7 18.5 27.5
G2NIMW1 16.2 24.9 36.4
G2NISW2 8.1 9.6 11.8
G2N12SW2 6.0 8.9 15.8
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Fig. 2 Test result of concrete strength

Fig. 3 Test setup of test specimen
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Displacement (mm) Displacement (mm) Displacement (mm)
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Displacement (mm) Displacement (mm) Displacement (mm)
(d) GINI2SW1 (e) GINOWI (f) G2N4SW1

Displacement (mm)

(2) G2NOMW 1

Fig. 6 Load-displacement relationship of specimen
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Fig. 7 Load-displacement relationship of specimen
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Fig. 8 Crack pattern and failure mode of each specimen

Table 9 Comparison of the load-carrying capacity ratio for

each specimen

case)| spesimn | Mo | Suaeh e

0 BSS 114.7 1

1 GIN5SW1 162.6 1.41
2 GINISWI1 188.5 1.64
3 GINI2SWI 165.1 1.44
4 GIN9W1 170.2 1.48
5 G2N4SW1 248.9 2.17
6 G2NIMW 1 170.6 1.48
7 G2NI9SW2 81.8 0.77
8 G2N12SW2 105.8 0.92

HESAH Zie| 2deNE

Table 10 Comparison of displacement ductility for each

specimen
b Ou
Specimen | 6, (mm) |Py (kN) (m1an) Pu (kN)| p= (57
BSS 4.21 86.25 - 92 -
GIN5SWI1 3.21 121.95 6.52 | 130.8 2.03
GIN9SWI1 4.09 141.37 | 49.32 | 150.8 12.49
GINI2SW1| 4.21 123.83 | 44.58 | 132.08 | 10.59
GIN9W1 3.81 127.65 50.3 | 136.16 | 13.21
G2N4SW1 4.27 186.68 359 | 199.12 8.41
G2NOMWI1| 4.00 12795 | 52.92 | 13648 | 13.23
G2NOSW2 |  2.46 61.35 4.15 65.44 1.69
G2N12SW2| 3.54 79.35 9.22 84.64 2.6
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