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EFFECT OF FLY ASH, LIMESTONE POWDER AND BOTTOM ASH ON SHRINKAGE

CRACKING BEHAVIOR OF CONCRETE
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This research was aimed to study the cracking behavior under restrained
shrinkage condition of concrete containing fly ash, limestone powder and
bottom ash. The bottom ash was used as an internal curing material. The
cracking behaviors of concrete that were studied in this research consist of
the cracking age of concrete under the uniaxially restrained shrinkage test,
free shrinkage, tensile strength and compressive strength of concrete. In this
study, the weight percentages of replacement of cement by fly ash were 0,
30 and 50%. For limestone powder, the replacement percentages were 0,
10%. The volume percentages of replacement of fine aggregate by the
bottom ash were 10 and 30%. The water to binder ratio of 0.55 was used in
this investigation. The results indicated that the use of fly ash could reduce
the shrinkage while the shrinkage of limestone powder concrete slightly
increased. The use of fly ash and limestone powder increased the cracking
age of concrete. Moreover, the cracking age of concrete increases with the
increase of fly ash content. The use of bottom ash as internal curing can
reduce autogenous shrinkage and can increase cracking age of concrete. The
compressive strength reduces with increase of fly ash and bottom ash
content.

KEYWORDS: Cracking, Shrinkage, Fly ash, Limestone powder, Bottom
ash
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Chemical and Physical OPC LP BA
FA(%)

Properties (%) (%) (%)
SiO, 19.87 39.40 3.25 47.45
ALO; 4.87 17.93 1.50 20.32
Fe,05 3.55 12.92 1.28 10.92
Chemical Cao 65.03 19.19 65.40 13.16
Compositions MgO 252 2.99 1.32 2.60
(%) SO, 0.73 3.03 - 1.16
Na,O 0.02 1.36 - 1.03

K,O 0.45 2.50 0.26 2.70

L.O.I 2.26 0.17 26.15 3.11

Blaine

Fineness 3350 2836 - -
Physical 5
(cm?/g)

Properties
Specific

3.13 2.28 2.74 1.92
gravity

.
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@ FA LP BA
Mix designation w/b
(%) (%) (%) (%)
w55r0 0.55 100 0 0 0
W55r10LP 0.55 90 0 10 0
w55r30FA 0.55 70 30 0 0
w55r50FA 0.55 50 50 0 0
w55r10BA 0.55 100 0 0 10
w55r30BA 0.55 100 0 0 30

w8 : OPC, FA, LP,BA Uz w/b fio Judiuus, iraee,

BN, LI UarenTIaanieianUsaunua 1y

A19197 3 dndrunaununIalagrtindegnuIAnlInIYes

ADUNTA
Mix Unit content (kg/m?)

designation w/e C FA LP W BA S G
w55r0 0.55 372 - - 202 - 726 1044
w55r10LP 0.55 333 - 37 201 - 726 1044
w55r30FA 0.55 250 107 - 194 - 726 1044
w55r50FA 0.55 174 174 - 189 - 726 1044
w55r10BA 0.55 372 - - 200 56 653 1044
w55r30BA 0.55 372 - - 196 167 508 1044

WIE : C, FA, LP, W, BA, S Ua G Ae Yudiuud, 1aey

, BT, 10, W0, N3 WA mIuaIRy
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Cracking €fee at Fe Fe Fes Fize
Mix designation age (hours) cracking () (MPa) (MPa) (MPa) (MPa)
W5510 211 194 22,6 26 35.2 35
W55r10LP 703 330 29.6 238 27.4 35
W5Sr30FA 291 152 23.3 1.9 21.2 22
W55r50FA 355 173 158 13 166 14
W55r10BA 584 260 34.7 29 34.1 29
W55r30BA 373 210 31.2 28 27.1 25
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