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Mechanical Properties of Alkali-Activated Slag-Based Concrete
Using Lightweight Aggregates
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ABSTRACT Six alkali-activated (AA) concrete mixes were tested to explore the significance and limitations of developing an
environmental friendly concrete. Ground granulated blast-furnace slag and powder typed sodium silicate were selected as source
material and an alkaline activator, respectively. The main parameter investigated was the replacement level of lightweight fine
aggregate to the natural sand. Workability and mechanical properties of lightweight AA concrete were measured: the variation of
slump with time, the rate of compressive strength development, the splitting tensile strength, the moduli of rupture and elasticity,
the stress-strain relationship, the bond resistance and shrinkage strain. Test results showed that the compressive strength of light-
weight AA concrete sharply decreased when the replacement level of lightweight fine aggregate exceeded 30%. In particular, the
increase in the discontinuous grading of lightweight aggregate resulted in the deterioration of the mechanical properties of concrete
tested. The measured properties of lightweight AA concrete were also compared, wherever possible, with the results obtained from
the design equations specified in ACI 318-05 or EC 2, depending on the relevance, and the results predicted from the empirical
equations proposed by Slate et al. for lightweight ordinary Portland cement concrete. The stress-strain curves of different concrete
were compared with predictions obtained from the mathematical model proposed by Tasnimi. The measured mechanical properties
of lightweight AA concrete generally showed little agreement with the predictions obtained from these equations.
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Table 1 Chemical composition of the selected source materials

and alkali activator (% by mass)

Materials |SiO,| Al,O5 | Fe,05 | CaO|MgO|Na,O| TiO, | SO; | LOI*
GGBS |31.5| 13.8 | 0.53 (44.4| 5.2 |0.18| 1.0 | 2.8 | 0.59

Sodium
silicate

45| - | - | - | - |502] - | - |48

*Loss on ignition

Table 2 Properties of aggregates used
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Standard grading curves

20 specified in the KS

Percentage of weight passed (%)
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Size of sieve (mm)
(a) Natural sand
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o
<

03 12 5 10
Size of sieve (mm)
(b) Lightweight aggregate with maximum size of 5 mm
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(c) Lightweight aggregate with maximum size of 13 mm

Fig- 1 Particle distribution curves of aggregates

Type Maximum size (mm)| Specific gravity | Water absorption (%) | Fineness modulus
Coarse aggregate | Expanded clay granule 13 1.04 31.79 5.77
) Expanded clay granule 5 1.07 3333 4.9
Fine aggregate
Sand 5 2.5 2.74 2.96
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Table 3 Details of concrete mixes tested
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(b) Bond stress-slip relatio

Fig. 2 Testing procedures for different properties of concrete

Unit weight (kg/m’)
Specimen W/ B Rir (%) B R, (%)
GGBS | Sodium silicate v S S Cw ’

A0 0 773 0

Al5 15 657 49
A30 30 541 98

_— 0.5 280 60 170 389 0.65

AS50 50 386 163
A75 75 193 244
A100 | 100 0 325

Note) B, W, Sy, Sy and Gy refer to binder organized by GGBS and sodium silicate, water, natural sand, lightweight fine aggregate
and lightweight coarse aggregate, respectively. Ry, is water reducing admixture-to-binder ratio by weight and R, indicates the replace-
ment level of lightweight fine aggregate to natural sand by volume.
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Fig. 3 Microstructural surface of lightweight AA concrete

Vske AFTA YAE Alold I B
Ho|2E AA AN mAlgd 73%%—
ek 2AUE FHPE A Fa Ue
Ao

Fig. 4oll= &z &4 AFZAES] AP e
FHYE BHES Jepih 2aeEe GEYw @
AL Bokekr) 98l 2 AN AFBE (fu)E
AE 289 AE (LR F2ALEAT Yang 578 ¥
g2 7h e A REElEY 27 )7tE @3
OPC RE=Et=o| Hlg] A 3] = U%Xo*ﬂo 3
OPC UEE].EQ,]. H]%-@j— %oﬂ 01_9__9_ E]—
G AFEAYES] HeddES ROl 4'5“/‘1
g JFE WU AF F=A A ST

it

(L rlo 4o ol

}..

m&rﬁLr
nL,\“_,

)
o o |
ko W ro ro wfy

e 73

fek (1 )fer

0 1020 30 40 50

Time (days)

60 70

Fig. 4 Compressive strength development of test specimens

Table 4 Summary of slump and compressive strength of lightweight AA concrete tested

) Slump (mm) Compressive strength (MPa)
Specimen — - - -
Initial 30 mins | 60 mins | 90 mins 1 day 3 days 7 days 28 days 56 days 91 days
A0 169 135 110 79 14.9 16.6 18.8 19.1 229 25.0
Al5 179 129 95 60 72 11.0 12.4 14.6 15.9 16.5
A30 183 115 51 - 6.5 7.7 11.4 13.4 13.7 15.8
A50 186 95 - - 4.0 4.1 5.3 5.6 59 59
AT5 196 75 - - 3.8 42 4.8 5.5 5.6 5.9
A100 227 52 - - 2.5 3.1 3.3 33 3.7 3.4
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Table 5 Splitting tensile strength
Speci— fck éﬂ fvp (MPa) (ﬁvp)Exp./ (ﬂ'p)Pre.

men |(MPa) JE Exp. | EC 2 Slate et al] EC 2 [Slate et al.

A0 | 19.1 | 040 | 1.76 | 2.05 1.79 | 0.857| 0.982
Al5 | 14.6 | 0.39 | 1.49 | 1.68 1.56 | 0.886| 0.953
A30 | 134 | 0.39 | 1.44 | 1.56 1.50 {0923 | 0.959
A50 | 56 | 038 091|085 | 097 |1.069| 0.936
A75 | 5.5 | 040|093 0.81 096 | 1.144| 0.965
A100| 33 | 041 074|056 | 0.75 |1.322| 0.989

Table 6 Modulus of rupture

Speci- f fr (MPa) (ﬁ)Fxp- / (fr)pre.
en e Ex ACI |Slate et| ACI |[Slate et
N P 131805 | al. |318:05| al

A0 0.44 1.94 2.30 1.57 0.84 1.23
Als 0.43 1.64 1.98 1.37 0.83 1.19
A30 0.44 1.61 1.86 1.32 0.87 1.22
A50 0.39 0.93 1.18 0.85 0.79 1.09
A75 0.38 0.89 1.13 0.85 0.79 1.05

A100 | 0.42 0.77 0.85 0.66 0.91 1.17
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Table 7 Modulus of elasticity

Specimen | P E. Ee (MPa) Epsp./ Epre
(kg/m’) N Exp.  |ACI 318-05| EC 2 |Slate et al. [ACI 318-05| EC 2 |Slate et al.
A0 1615 3073 13428 13508 16499 13770 0.994 0.814 0.975
Al5 1454 3031 11563 11175 14153 11924 1.035 0.817 0.970
A30 1319 2607 9545 10139 12813 10979 0.941 0.745 0.869
A50 1153 1902 4510 6072 8895 7871 0.743 0.507 0.573
AT5 1043 1678 3944 5426 7706 7062 0.727 0.512 0.558
A100 775 1630 2975 3770 5707 5569 0.789 0.521 0.534
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Fig. 5 Stress-strain curves of lightweight AA concrete (solid
and dotted lines with symbols indicate test results and
predictions obtained from Tasnimi's equations, respectively)
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Fig. 6 Bond stress-slip curves of lightweight AA concrete

Table 8 Bond strength of reinforcement installed in concrete

Specimen | A0 Al5 | A30 | AS50 | A75 | A100
Ty 9.44 | 841 8.02 | 5.01 | 3.79 | 2.80

b

S

216 | 220 | 2.19 | 2.11 1.61 1.54
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