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ABSTRACT

This study investigates the temperature-dependant material property models for
expansive strain and modulus of elasticity of expansive concrete using blast furnace slag
cement (type B), while the authors already reported on those using ordinary portland
cement. In addition, the effect of expansive concrete on controlling thermal cracking of
the pier structure was numerically evaluated using a FEM program, considering the
material property models obtained from this study. The results show that the presented
material property models are applicable to calculate the restrained stress history of
expansive concrete with mass curing temperature history.

Keywords Blast furnace slag cement type , Expansive concrete, Temperature
dependence, Material property model, Calculation method of restrained
stress, Finite element method, Pier structure
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Fig. 1 Outline of the calculation method of restrained stress of
expansive concrete under temperature history
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Fig. 2 Comparison between measured and
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Table 1 Materials of concrete ( )

Kind / Characteristics

aterial Symbol
Cement c Ordinary portland cement /
Density: 3.16g/cm°, Specific surface area: 3300cm?/g
Blast furnace slag BS Blast furnace slag / Density: 2.90g/cm?®, Specific surface area: 4180cm?/g
Expansive admixture EX Lime-based / Density: 3.14g/cm®
Fine aggregate S Mountain sand / Density: 2.59g/cm®, Absorption: 1.63%, F.M.: 2.84
Coarse adaregate G Crushed sand stone / Maximum size: 20mm
agorey Density: 2.64g/cm®, Absorption: 0.84%, F.M.: 6.61
Superplasticizer SP Polycarboxylic acid based AE
Table 2 Mix proportions of expansive concrete
( () )
; ; 3
WI/(C+BS+EX) | BS/(C+BS+EX) | da Unit weight (kg/m’)
(%) (%) (%) w C BS EX S G
55 42 47 175 173 125 20 824 945
19 19 .
— 400 e 100 ¢
100 = (o)
/ / !
’ . \ / N/
PCseelrod  Wirestraingauge Screwnut  Steel plate
Unit:mm
Fig. 4 Details of specimen for expansion test
under uni-axial restrained condition
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Table 3 Mix proportions of concrete ( () )
Nominal Unit weight (kg/m°)
WI/(C+EX) sa
Symbol Type of concrete Type of cement gt\lr;amngqt?) (%) (%) W c EX S G
BB Ordinary concrete Blast furnace slag o 51 6.0 161 316 - 827 1011
BB-EX Expansive concrete cement type B ’ 161 296 20 827 1011
’ 0.15mm,
, 170mm )
BB-EX
@ )
Table 3 , )
( ’ BB) 7
BB-EX) ) ,
; ( 24N/mm?
( 28 ), 51%
20kg/m? , 4.2
@
Fig. 10 .
(€) FEM , 1/4
. BB , ,
Fig. 9 , s
N
Truss element

Fig. 10 Analytical model
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Table 4
, [ PC [
7 ] )
9
Point.1, , BB-EX BB
Point.2 s
Table 4 Analysis conditions
( )
Unit Footing / Lift.1 Lift.2
Type of concrete - - BB BB-EX
Period of analysis Days 7
Adiabatic temperature rise - Q(t) = 54.7(1— exp(-0.441t))
Specific heat kJkg 12
Heat conductivity Wim 2.7
Density of concrete kg/m® 2350
Concreting temperature 6.6 10.0
fl(te)/ F4(91) = M /(266+ 0.780M )
=~, 2 c\'e C
Compressive strength N/mm 24 F(91) = 431, M : maturity
Tensile strength N/mm? 35 f(te) = 0.44, f{(to)
Young's modulus kN/mm? 23 4.7, (te)
te < 2: Equation(6)
modulus by effect of creep ¢x 4.7, f(te)
Poisson’'sratio - 0.18
Thermal expansive coefficient x 10 10
Autogenous shrinkage x 10° £(t)=3070[1-exp{ -0.03(t-0.2)°%] 1.3
Expansive strain x 10° Equation(5)
Table 5 Boundary conditions
( )
Unit Curing mat | Formwork | Exposure
Average outside air temperature 6.6
Heat transfer coefficient Wi ) 50 ‘ 6.0 ‘ 120
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