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ABSTRACT

In this paper, finite element analysis is applied for simulation of cracks due to restraining autogenous and drying
shrinkage at early-age concrete. A micro-level heat hydration model and a shrinkage prediction model along with a
moisture diffusion model are adopted for the finite element analysis. Then, an axial restraint test is carried out for
concrete specimens containing different amounts of chloride ions to evaluate stress development and cracking due to
the restraining shrinkages at early ages. Test results show that the increase of contents of chloride ions increases
restrained stress, but does not increase strength. By this increase of shrinkage strain at early-age, time to occur the
crack is accelerated. Finally, stress development and cracking of concrete specimens containing different amount of
chloride ions are simulated using the finite element analysis. Results of the analysis using the proposed model are

verified by comparison with test results.

Keywords: early-age concrete, sea sand, restrained stress,

shrinkage, cracking
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Table 1 Mixture proportions
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. w/c | S/a | Stomp aggazize Unit weight (kg/m’) Adrrnxtur{;v ;tmjr) S a(é};londe co;ter;;s
0, Q M (o]
(%6) 1 0 (cm) (mm) w C S G AE reducing (kg) cement wt.
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Table 2 Compressive strength and elastic modulus

Age | CI content (% of cement wt.)

(days)|{ 000 | 007 | 060 | 1.20

Compressive 3 157 160 144 152

strength, fo'(t) 7 208 217 212 216

(kef/cnt) 28 | 237 | 239 | =6 | 2o

Elastic 3 [150,000]151,000]141,000] 139,500
modulus, E.() | 7 |165500]174,000] 170,000] 163,500

(kef/crt) 28 [199,000 | 204,500 215,000 | 196,000
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Fig. 2 Compressive strength development for
different chloride ion contents
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Fig. 3 Elastic modulus development for different
chloride ion contents
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Fig. 4 Adiabatic temperature raise curves for
different chloride ion contents
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Fig. 5 Hydration heat generation rates for different
chloride ion contents
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(a) Vapour and liquid water in pores

Idealized pore

(b) Tensile stresses in capillary water

Fig. 11 Idealized structure of pores
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Fig. 12 FE mesh for the specimen

Heat conduction

Water transport

Boundary condition

Environmental temperature 20 C

RH 60 %

Heat conduction

Water transport

Initial condition

Environmental temperature 20 C

RH. 100 % drying age ; 2 days
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Table 4 Cracking age and restrained stress

I contents Numerical result Experimental result
(% of cement wt.) Cracking age Restrained stress Cracking age Restrained stress
(days) (kgf/cm®) (days) (kgf/cm®)
0.00 20 235 19 245
0.07 11 236 10 22.6
0.60 23.7 225
1.20 235 7 20.3
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Fig. 14 Comparison of restrained stress development
for different chloride ion contents
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