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ABSTRACT

Shrinkage strains of concrete slab in multi-story building are restrained by structural members such as columns
or walls, then can induce cracks due to excessive shrinkage stress over tensile strength of member. In this study,
a shrinkage stress analysis method of concrete slab in multi-story building considering not only material properties
such as shrinkage, creep and reinforcement effect but also construction sequence is proposed.

Tensile stresses of slab due to shrinkage are calculated by converting shrinkage strains into equivalent
temperature gradients, creep that can release shrinkage stress can be considered by replacing the modulus of
elasticity of concrete, E., to the effective secant modulus of elasticity of concrete, E.;. Reinforcements are also

considered by modeling them as equivalent beam elements in FEM program. Results of step by step analysis
reflecting construction sequence summed up to calculate stresses of the whole building considering that shrinkage
stresses of the building come from the difference of shrinkage between i-th floor and (i-1)-th floor, named as
effecitive shrinkage, and it can be varied by construction sequence.

The results of 10-story example building show that shrinkage stresses of lower floors are greater than those of
upper floors, that is, stresses of lower floors(1~2Fl) exceed modulus of rupture of concrete, but stress ratios of

higher floors are in the range of 27.9~92.8 %.

Keywords ¢ equivalent temperature gradient, effecitve secant modulus of elasticity, effective shrinkage,

shrinkage analysis, step by step analysis
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Fig. 1 Analytical modeling of reinforcement

Fig. 2 Shrinkage strain due to restraint
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Fig. 4 Analysis procedure of shrinkage stresses considering construction sequence
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Table 1 Construction schedule of example building

D Floor

a 12345678910
Curing 7171777171777 7
Preperaion of

next fl 5/5|5|5]51515]5]5 /1710
Total 1212413648160 72| 84|96 1081825

Table 2 Correction factors of shrinkage and creep

Condition | HEE | rnctor
Initial moist curing Tdays Yo | 1.0 - -
Loading age Tdays - - Ye | 1.0
Relative humidity 40 % 72 10992] 7; 11.002
Average thickness 200mm | 7m [0862] 7, | 092
Slump 80 mm 7s |1.0191 75 | 1.03
Fine aggregate 38.1% v [0833] 74 | 097
Cement content H0kegt/m' | 7. (1.025] - -
Air content 35% Ye [09781 v, 0775
Correction factor s 10.728] v 10.714

Table 3 Effective secant modulus of elasticity of concrete slab

Construction step
1FL. | 2FL. | 3FL | 4F. | 5F. | 6F. | 7F. | 8F. | 9F. | 10FL
10 Fl. 0.87
9 FlL 162 09
8 Fl. 162 158 1.03
o 7 FlL 162 158 1.70 1.06
s | _6FL 162 158 170 175 107
(X10° 5 gy 162 | 158 | 170 | 175 | 17 | 108
kef/em®) | 4 | 162 158 1.70 175 177 179 1.09
3 FL 162 158 170 175 177 1.79 1.80 1.09
2 Fl. 162 158 1.70 175 177 1.79 1.80 1.81 1.10
1 Fl 162 158 170 175 177 1.79 1.80 181 181 110
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Table 4 Equivalent temperature gradient
Construction step
1 FlL 2 FL 3 FL 4 Fl 5 Fl. 6 FL 7 FL 8 FL 9 FL 10 FL
10 FL 55.622
9 Fl 14.491 41.139
8 FL 14.491 8596 | 32.550
7 Fl. 14.491 8.596 5690 | 26.867
AT 6 FI 14.491 8.596 5690 4045 | 22.829
() 5 FlL 14.491 8.596 5.690 4,045 3023 | 19.814
4 FlL 14.491 8.596 5.690 4.045 3.023 2345 | 17476
3 Fl. 14.491 8.596 5690 4.045 3.023 2.345 1.872 15,611
2 Fl 14.491 8.596 5.690 4.045 3.023 2.345 1.872 1529 14.089
1 FL 14.491 8.596 5.690 4.045 3.023 2.345 1.872 1529 1.275 12.823
Table 5 Calculated slab axial forces and stresses of the example building
Construction step Total | Stress Stress
ratio
Cl1r [ 2r [3F [4F. [5F [6F. [ 7F [8F. [ 9FL |10 FL | Force |(kgf/em)| oy
10 FL 13289 132891 189 54.3
9 FlL 640.7 | 4773 ] 1,1180| 159 457
8 FL 649.1| 90.2| 1259 865.2 | 123 353
Axial | 7 FL 6674 | 1002 | -936| 197 693.7] 99 284
force | 6 FL 7065 | 12131 -785|-1233] 521 6781 | 97 219
(x10*[ 5 FL 7845 | 1644 | -4861-1011| -844| 1644 879.1| 125 359
kgf) | 4 FL 9379 | 2487 84| -59.7| -533| -253| 3208| 13776| 196 56.3
3 Fl 11874 | 4014 1124} 147 1.7 163 350| 4999 22688| 323 92.8
2 FL 15038 | 641.2] 2857 1393| 930| 844| 861| 883| 6842 36060| 513 1474
1 FL [1,7203| 921.7| 5357 | 331.6| 2355| 1890 | 1644 | 1443| 129.0| 8393 52088 | 742 213.2
* (=) means compressive force which occurs at the element.
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