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Modelling of Drying Shrinkage for Different Environmental Conditions
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Abstract

Drying shrinkage is a very important properties of concrete, which is affected by environmen-
tal conditions. The environmental conditions are temperature, relative humidity, and wind speed,
which is quite variable and its effect on drying shrinkage is quite complex, too. In this study, en-
vironmental effects on drying shrinkage were integrated into one variable-evaporation rate, In
several different environmental conditions, evaporation rate was measured with Evaporometer
and compared with PCA chart, and also compared with measured drying shrinkage to verify the
possibility of being a single parameter. The results are summarized in a prediction chart and pre-
diction equation for drying shrinkage.

Keywords : evaporation rate, concrete, drying shrinkage, ACI model, PCA chart
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Table 1 Mix design and properties of fresh concrete

Test Slump| Air | Batch Weight(kg /m3)
_ Condition w/c (em) | (%) L
“Temp| RH. | ”" [ Cem [ Wate [ Sand | Agg.
River Gravl
65% | . 38 [ 603 3 657 | 1311
e % | .41 19 | 132 5

0% | 41 | 44 | 6.6 | 319 | 131 | 648 | 1316
65% | 42 | 3.8 | 46 | 319 | 135 | 656 | 1309
0% | .39 | 35 | 55 | 319 | 126 | 657 | 1319
65% | 41 | 44 | 54 | 319 | 129 | 656 | 1316

23T

o 30% | .43 3.8 4.2 | 319 | 136 | 662 | 1315
,,,,,,,,,, . [limestone

65% | . 3.8 53 1 319 | 135 | 656 | 1317
10 o 42

3% | 41 [ 51 [ 68 | 319 [ 130 | 656 | 133
65% | .43 | 38 | 59 | 319 | 138 | 656 | 1321
0% | 39 | 41 [ 7.5 | 319 | 125 | 662 | 1353
65% | 45 | 32 [ 55 ] 319 | 142 648 | 1342
3% | 44 | 44| 47 [ 319 ] 140 65 | 1335

Table 2 Adjusted mixing water for different workability

River Gravel Limestone ]
2.5cm|3.8cm |5.0cm | 2.5cm | 3.8cm | 5.0cm
" |slump | slump | slump | slump |slump slurpgv
65% | 127 | 132 | 137 142 | 135 | 140
30% | 128 | 131 132 7 133 | 130 | 130

23\’0-_[ _éﬁ‘_o’_y___lm 135 | 141 138 | 138 | 141

130% | 125 | 126 | 133 | 118 | 125 | 121

oo |95% | 131 | 129 13 [ 12 | 14p | 14
1303 [ 16 [ 141 [ 138 | Mo [ 140
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Table 3 Evaporation rate measurements

Exposed Condition Measur(?d PCA Chart

Evaporation .
X Time | EvapoRate Read;ng

Temp| R.H.& Wind (sec) |(kg /m2 /hr) (kg /m? /hr)
0 65% & 14.4km/hr| 82 .323 147
30% & 9.6km /hr | 53 .505 .221
950 65% & 14.4km /hr| 41 .652 .33
ﬁ% & 9.6km /hr | 32 833 441
0% 65% & 14.4km/hr| 21 1.270 .882
30% & 9.6km /hr | 16 1.670 1.230
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Capillary Tube ——
(4=1mm)

Feeding Reservoir

Fig. 1 Schematic drawing of Evaporometer
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Fig. 2 The correlation between Evaporometer
measurement and PCA chart reading
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Fig. 3 The environmental effects on shrinkage of 3.8cm
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Table 4 Ultimate shrinkage and shrinkage half time for

ACI equation
2.5cm slump | 3.8cm slump | 5.0cm slump
N, &® N, 8% N, &
Temp | R.H, River Gravel
10t 65% | 5.0 225 4.0 249 5.0 275
30% | 5.0 225 5.0 250 6.0 310
y3c | 65% | 5.0 | 230 | 8.0 | 270 | 80 [ 304
30% | 10.0 | 275 | 10.0 | 324 7.0 325
40T 65% | 8.0 380 8.0 420 8.0 435
30% | 10.0 | 481 | 12.1 | 555 ! 10.0 | 580
Temp | R.H. Limestone
10 65% | 6.6 465 7.0 481 ; 6.0 534
30% | 5.0 440 5.0 40 | 40 500
g3 |65% | 40 | 415 | 40 | 455 [ 40 | 505
30% | 7.0 460 5.0 513 6.0 585
100 65% | 7.1 | 653 | 6.0 | 670 | 7.0 720°
30% | 7.0 | 730 | 60 | 760 | 5.0 | 790
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