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ABSTRACT

This study is devoted to the problems of thermal and shrinkage stresses in order to avoid cracking at early
ages. The early-age damage induced by volume change has great influence on the long-term structural
performance of the concrete structures such as its durability and serviceability. To solve this complex problem,
the computer programs for analysis of thermal and shrinkage stresses were developed. In these procedures,
numerous material models are needed and the realistic numerical models have been developed and validated by
comparison with relevant experimental results in order to solve practical problems. A framework has been
established for formulation of material models and analysis with 3-D finite element method. After the analysis of
the temperature, moisture and degree of hydration field in hardening concrete structure, the stress development is
determined by incremental structural formulation derived from the principle of virtual work. In this study, the
stress development is related to thermal and shrinkage deformation, and resulting stress relaxation due to the
effect of early-age creep. From the experimental and numerical results it is found that the early-age creep plays
important role in evaluating the accurate stress state. The developed analysis program can be efficiently utilized
as a useful tool to evaluate the thermal and shrinkage stresses and to find measures for avoiding detrimental
cracking of concrete structures at early ages.

Keywords: thermal and shrinkage stresses, early-age damage, long—term structural performance, 3-D finite element
method, early-age creep
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Table 1 Shrinkage coefficient

Shrinkage
Author coefficient Remark
Alvaredo 1.50x10™ | Concrete core

1.70x10™ | Concrete skin(depth 15mm)
1.90x10* | Concrete skin(depth 10mm)
250x10 | Concrete skin(depth Smm)
Baroghel bouny 1.85x1073 Autogenous shrinkage(NSC)
1.62x10™ | Autogenous shrinkage(HSC)
152x107 | Drying shrinkage(NSC)

1.81x10° | Drying shrinkage(HSC)
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Table 2 Mix proportioning of high performance
concrete
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Table 3 Mix proportioning of creep tests

wW/C | St Unit weight(kg/m®)
(%) (%) W C S G
30 40 165 550 633 1059
45 45 179 398 799 1009
55 45 179 325 826 1044
387
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Table 4 Mix proportioning of restrained wall

w/C S/a Unit weight(kg/m°)
(%) (%) w C S G
45.2 46.3 175 387 815 989

Table 5 Material properties used in analysis

Field Parameter value
Initial condition 15T
Convective coefficient 12 keal/m*hr C

Tempera |Ambicnt temperaturc 7C

~ture Specific heat 0.25 kcal/kg T
Density 2300 kg/m’
Conductivity 2.2kcal/m hr'C
Initial condition ¢=1

Moisture |Boundary condition Sealed

Conductivity at ¢=1 3.4x10" kg/m s
Critical degree of hydration 0.2
Compressive strength at 28 days |32.7 MPa
Tensile strength at 28 days 2.53 MPa
Young's modulus at 28 days [27000 MPa
Crecep paramcters(/MPa) 1=0.208x107%
Stress g2=0.783x10™
5=0.058x107"
q+=0.073x10™°
Thermal expansion coefficient [10x107%/C
Thermal contraction coefficient| 8x10 6/ C
Shrinkage coefficient 1.3x10™"/unit

sm=aelEsE] =28 M43 35(2002)
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