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Evaluation of Shrinkage of Heavyweight Magnetite Concrete

with Fly Ash
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The objective of this study is to examine the drying shinkage and autogenuous shrinkage strains of heavyweight magnetite concrete.
As a main parameters, cement was partially replaced by fly ash (FA) from 5% to 35%. The measured shrinkage strains were compared
with predictions obtained from CEB-FIP equations and Yang et al.'s model. Test results showed that the magnitite of the autogenous
and total shrinkage strains of heavyweight concrete slightly increased as the amount of fly ash increases up to 15%, beyond which the
strains tended to decrease. The CEB-FIP equations considerably underestimated the shrinkage behavior of heavyweight concrete,
indicating that this trend was more notable with the age. On the other hand, Yang et al.'s model predicted accurately the shrinkage of
heavyweight concrete.
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Table 1. Mix proportions of each concrete specimen

Speci | W/B | S/a | *Rs Unit weight (kg/m®)
-men | (%) | (%) | (%) | W | OPC | FA F C

F5 5 380 20
F15 15 340 60
F20 45 40 20 180 | 320 80 1025 | 1754
F25 25 200 100
F35 35 260 140

*Rs - Replacement ratio of Fly-ash.

W, OPC, FA, F and Gindicate water, ordinary portland cement,
Fly-ash, magnetite fine aggregate and magnetite coarse aggregate,
respectively.

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

Materials SiO> | ALO; | Fe;0;5 | CaO | MgO | KyO | TiO;

OPC 213 | 5.2 35 | 635 | 3.6 0.9 -

Fly-ash 57.7 | 28.6 | 5.08 | 4.70 | 0.67 | 0.57 | 1.53

Magne| Fine | 17.9 | 7.4 | 458 | 2.8 | 7.9 | 03 | 154
-tite | Coarse | 12.7 | 72 | 49.8 | 1.8 | 74 | 03 | 186

Table 3. Physical properties of Magnetite used

Gimax . Water Unit weight
Type (mm) Gravity absorption (%) FM (kg/m3)
Fine 5 3.76 0.6 3.36 2,337
Coarse | 25 4.29 0.6 6.7 2,487

Gmax is maximum size of aggregates and FM is fineness modulus of
aggregates
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Fig. 1. Particle distribution curves of aggregates used
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Table 4. Summary of test results

A Shrinkage strain (x10° ) at different days Unit

Specimen Slump conctent Fe £ Days weight
(mm) % (MPa) | (MPa) Ke/m®

%) 1 3 7 28 56 91 365 | (ke/m)
F5 10 0.95 30.8 44,521 158 195 216 297 365 395 428 3,390
F15 10 0.9 33.2 47,764 179 212 243 334 377 410 458 3,363
F20 30 0.8 254 40,246 92 120 160 285 368 374 416 3,289
F25 50 0.7 24.5 40,279 106 146 187 302 341 354 386 3,275
F35 30 0.4 24.2 37.786 106 136 167 283 348 361 372 3,280
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Table 5. Pore size distriburion

600
“; 500 - Designation R=5% R=15% R=20% R=25%
3400 Small mesopores 1.707 1.005 1.234 0.489
~§ Large mesopores 6.473 8.044 6.210 6.065
‘::) 300 Macropores 19.178 23.286 19.019 18.602
on
& 200 Total
=
é _O-F20 —b—TD5 Porosity(%) 27.358 32.335 26.463 25.156
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Fig. 4. Autogenous shrinkage behavior of concrete specimens
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Fig. 6. Normalized shrinkage strains

Table 6. Comparison of normalized root-mean-square error
calculated from each shrinkage curve

Statistical values CEB-FIP Yang’s model
Mean 0.336 0.126
Standard Deviation 0.137 0.067

1/2
e(tit)p)’ !

1 <65h(t’ts)}£}q) -
en(tst)m n
where, €, (t,t, ), is mean of the meansured shrinkage, €, (t,t,)g,,
and e, (tt,)p,..

strains, respectively, and n is the number of measured points.

* RMSE=

are the experimental and predicted shrinkage
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