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An Experiment on Bond Behaviours of Reinforcements
Embedded in Geopolymer Concrete Using Direct Pull-out Test

1%
YR -

Jee-Sang Kim'* - Jong-Ho Park?

o= =2
qEs

(Received November 30, 2016 | Revised December 19, 2016 | Accepted December 20, 2016)

Geopolymer concrete is a new class of construction materials that has emerged as an alternative to ordinary Portland cement concrete
to reduce the emission of CO, in the production of concrete. Many researches have been carried out on material developments of
geopolymer concrete, however a few studies have been reported on the structural use of them. This paper presents an experiment on
the bond behaviors of reinforcements embedded in fly ash based geopolymer concrete. The development lengths of reinforcement
for various compressive strength levels of geopolymer concrete, 20, 30 and 40 MPa, and reinforcement diameters, 10, 16 and 25 mm,
are investigated. Total 27 specimens were manufactured and pull-out test according to EN 10080 was applied to measure the bond
strength and slips between concrete and reinforcements. As the compressive strength levels of geopolymer concrete increase, the
bond strength between geopolymer concrete and reinforcement increase. The bond strengths decrease as the diameters of
reinforcements increase, which is similar in normal concrete. Also, an estimation equation for the basic development length of
reinforcement embedded in geopolymer concrete is proposed based on the experimental results in this study.
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Table 1. Mix proportions of geopolymer concrete(kg/m?)

Target compressive
strength G20 G30 G40
(MPa)
Water 0.19 0.18 0.17
Fly ash 1.00 1.00 1.00
Binder Slag 0.00 0.04 0.11
Ca(OH), 0.00 0.00 0.00
Sodium 0.33 0.40 0.43
silicate
Activator NaOH
al
(Solid) 0.06 0.06 0.06
Fine 1.75 1.83 1.95
aggregate
Coarse 251 2.62 2.80
aggregate
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(b) Split failure

Fig. 3. Failure modes
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Table 2. Bond strength for various geopolymer concrete strength

levels(MPa)
Reinforcement| ID G20 G30 G40
#1 19.8 29.2 35.6
#2 21.08 23.2 25.8
D10
#3 22.4 23.1 32.6
wo* 21.1/1.3 25.2/3.5 31.3/5.0
#1 18.6 21.5 23.6
D16 #2 14.5 22.6 233
#3 21.1 23.2 27.1
wo 18.1/3.4 22.4/0.8 24.7/2.1
#1 18.8 21.62 19.8
D25 #2 14.9 16.14 23.5
#3 18.1 21.58 27.8
wo 17.3/2.0 19.8/3.2 23.7/4.0
*u/o: mean to standard deviation
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Fig. 4. Bond strength for various compressive strength levels
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Fig. 5. Bond strength for various reinforcement diameters
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Table 3. Comparison of bond stresses

Bond stress
Compressive Bar (MPa)
strength diameter Orangun et
(MPa) (mm) Test al. Proposed
(1977)
D10 21.08 14.52 21.25
G20 D16 31.32 10.35 17.92
D25 25.17 8.03 16.07
D10 17.26 20.53 26.03
G30 D16 23.68 14.63 21.95
D25 19.78 11.36 19.68
D10 18.07 17.78 30.06
G40 D16 24.70 12.67 25.34
D25 22.43 9.84 22.72

® @ Obyperiment
Proposed
===~ Orangun et al.

dp (mm)

Fig. 6. Comparison of bond strength between geopolymer
concrete and normal concrete
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Table 4. Statistics of bond strength(f,,) for various compressive
strength levels
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Table 5. Design bond strength(f,,) of geopolymer concrete

Proposed KIBSE
(N{IC’a) O va fu
(MPa) (MPa)
20 8.84 2.25
30 10.421 2.96
40 11.09 3.81
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Table 6. Comparison of basic development lengths(mm)

f. v | dovistion o |
(MPa) (MP’a)u (MPa) (MPa)
20 18.80 2.55 13.60
30 22.46 3.15 16.03
40 26.56 4.66 17.06
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Compressive Estimation method Bar diameter(mm)
strength
(MPa) D10 D16 D25
KCI, ACI 318-14 | 536.6 858.6 1341.6
G20 Eurocode2 444.4 711.1 1111.1
Proposed equation 113.1 190 282.80
KCI, ACI 318-14 | 438.1 701.1 1095.4
G30 Eurocode2 337.8 540.5 844.6
Proposed equation | 95.96 153.5 239.9
KCI, ACI 318-14 | 379.5 607.2 948.7
G40 Eurocode2 262.5 419.9 656.2
Proposed equation 90.2 1443 225.4
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