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and Light-weight Concrete Mixtures with High Volume SCM
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The objective of this study is to examine the fatigue behavior in compression of normal-weight and lightweight concrete mixtures with
high volume supplementary cementitious material(SCM). The selected binder composition was 30% ordinary portland cement, 20%
fly-ash, and 50% ground granulated blast-furnace slag. The targeted compressive strength of concrete was 40 MPa. For the cyclic
loading, the constant maximum stress level varied to be 75%, 80%, and 90% of the static uniaxial compressive strength, whereas the
constant minimum stress level was fixed at 10% of the static strength. The test results showed that fatigue life of high volume SCM
lightweight concrete was lower than the companion normalweight concrete. The value of the fatigue strain at the maximum stress
level intersected the descending branch of the monotonic stress-strain curve after approximately 90% of the fatigue life.
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Table 1. Mixture proportions of each concrete specimen

Speci | Concrete | W/B | Sla Unit weight (kg/m)

-men type | (%) | (%) | OPC | FA |GGBS| F (¢

HL LWC 25 | 42 186 | 310 | 124 | 518 | 570

HN NWC 30 | 45 155 | 258 | 103 | 772 | 943

*W, OPC, FA, GGBS, F, anc C indicate water, ordinary portland
cement, fly-ash, ground granulated blast-furnace slag, and fine
and coarse aggregates, respectively.

22 M=EY

AFEE 2ol o185t X4 Table 20i| LIEFLHRICE OPC=
Ca0%} SI0,7F =oAB0Z 1 MEH|= 212t 62%2} 21.3%0(%
om, H|En Uz 242+ 315, 3,800cm’/g0|FC GEBS=
Ca0%} SI0,7} ZQAEO02 1 MEH|= 242t 44.38%2} 31.55%
0llom, HIET} BYE= 242k 205 4,000 cm’/go|ch FA=
Si0.2t Al20s7 FREECR 1 HEHl= 212t 57.0%, 29.3%0)
0, CaO7} 0.4%Q! FEOZ KS 12 2ES UHESINICH FAQ| HIS
T Byes 247k 229} 4,200em’/go|Ct

HEFYEICIEE A5t A2 S 2|37 = 2

=

2} 19mme} 5mmo|[f, FEEM= =L WYEE 728 SME
AfZsIen, KS 71E0 &at0] X715 dEs AAlsIct 218
B meaM H HEAMY Fti27|= 242 19mmet 4mmoOlLt,
Y M= 2E58Y SMet Hlustd =2 &ras Herh M
Sl JY 72 Mt TEMS §4&2 212 18.96, 13.68%%
CHTable 3). 0lof et 8BS0 AtEE BHEM= 24A12E &
T HALHZ MELUC. FEEMe Z32|E Hig Al g+a
S oI He2olM BEsIIC

Table 2. Chemical composition of cementitious materials
(% by volume)

Materials | SiO, | ALO; | Fe;O; | CaO | MgO | K;O | TiO;
OPC 22.1 5.0 3.0 | 648 1.6 | 054 | 03
GGBS | 31.55 | 13.79 | 0.53 | 4438 | 52 04 | 098

FA 533 | 279 78 | 6.79 | 1.11 | 0.84 -

Table 3. Physical properties of aggregates used

Unit
Gmax o Water .
Type Density . o/\| FM | weight
(mm) absorption (%) i )
Expanded
Coarse clay 19 1.21 18.96 6.56 | 729
aggregate| granule
Granite | 19 2.65 0.62 6.05 | 1700
Expanded
. clay 4 1.65 13.68 434 | 832
Fine
agregate granule
Natural |51 60 1.85 251 1750
sand

Gmax is the maximum size of aggregates and FM is the fineness
modulus of aggregates.
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Table 5. Summary of fatigue test results
Number of failure Maximum fatigue Maximum residual strain| Normalized maximum Normalized maximum
Speci (V) strain at failure (e, V) at failure (e, , V;) fatigue strain (gf,AV[/ &g) | residual strain (e, N / )
Smens Smax Smax Smax Smax Smax
0.9 0.8 0.75 0.9 0.8 0.75 0.9 0.8 0.75 0.9 0.8 0.75 0.9 0.8 0.75
HL 43 2121 | 22522 | 0.0043 | 0.0043 | 0.0043 | 0.0015 | 0.0020 | 0.0021 | 1.678 | 1.682 | 1.689 | 0.581 | 0.808 | 0.813
HN 154 8500 | 63248 | 0.0046 | 0.0048 | 0.0051 | 0.0024 | 0.0025 | 0.0025 | 1.794 | 1.887 | 1.966 | 0.966 | 0.972 | 0.974
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Fig. 3. Typical crack propagation at failure surface
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Fig. 5. Fatigue stress-strain curve of high volume SCM lightweight
concrete
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