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Drying Shrinkage of Concrete Combining Expansive Additives
and Shrinkage Reducing Agent
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ABSTRACT

This paper investigates experimentally the effect of combined addition of expansive additive and shrinkage

reducing agent(SRA) on setting time, compressive strength and drying shrinkage of concrete. An increase of EA and SRA
content leads to a reduction in flowability, which causes the increase of superplasticizer dosage, while air content increases.
For setting time, in spite of increased superplasticizer dosage, with the increase of EA and SRA, setting time shortens.
This is due to the presence of alkali ion by SRA and the faster formation of ettringite. At dosage of 5.0% of EA,
concrete has the highest compressive strength and above that dosage, compressive strength decreased. On the contrary, the
increase of SRA dosage results in a decrease in compressive strength. Combined addition of EA of 5.0% and SRA of
1.0% shows a comparable strength with control concrete. For drying shrinkage, as expected, the increase of EA and SRA
dosage leads to reduction of drying shrinkage markedly. Moreover, combined addition of EA and SRA has better drying
shrinkage reduction effect than individual use of EA and SRA by as much as 5~16%. Optimal combination of EA and
SRA is fixed at 5.0% of EA and 0.5% of SRA based on the consideration of the effect of EA and SRA on fresh state,

compressive strength and shrinkage of concrete.
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drying shrinkage, expansive additive (EA), shrinkage reducing agent (SRA)
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Table 1 Design of experiments

Factors considered Items tested
W/B c\(’)\i?tt:r:t Slump colr\l;;nt Sul.)e.r- FA §RA EA Fresh Hardened
(%) (kg/m) (mm) %) plasticizer (%) (%/C) | (%/C) concrete concrete
0 0 0 * Stump - Compressive strength
Polycarbonic 0.0 0.0 -Sl.ump flow (3, 7, 28 days)
45 170 150425 4.5%1.5 . .0.25 2.5 - Air content
acid 10 . . - Length change
.0.50 5.0 + Unit weight
. ) (1, 7, ..., 180 days)
.0.75 7.5 - Setting time
Table 2 Mixture proportion of concretes
W/B C\()::itee;t S/a Sp a/;:lit A |sral EA * Abfolute *volum*e (l/m? ‘ ‘ U*nit weiight (lfg/m3) * *
(%) (ke/m) (%) | (Bx%) (Bx%) (%) | (%) | %) | C S G |FA |SRA|EA | C S G | FA |SRA|EA
0.50 10.0050| - - - | 1203061359 | - - - | 378|789 | 941 - - -
0.60 10.0080| 10 00 | 108|304 |35 | 17 | 0O 0 [340 (783|934 38 | O 0
0.60 10.0080| 10 0.00 25 [ 1051304 (356 | 17 | O 3 13317831934 | 38| 0 9
0.60 |0.0080| 10 5.0 (102303 (35 (17| O 7 13211782]933] 38| 0 19
0.60 {0.0080| 10 75 199 [303 (35| 17 { O 10 | 311 | 782933 | 38 | 0 | 28
0.60 [0.0060| 10 0.0 [ 107|304 (35| 17 | 03| 0 |339|783|934| 38 (09 0
0.60 |0.0060| 10 0.25 25 | 1041304 |356| 17 |03 | 3 |329 (783|934 | 38 (09| 9
0.60 [0.0060| 10 50 | 101 (303|356 17 | 03 | 7 |319{7821933| 38 |09 | 19
45 170 46 | 0.65 |0.0070| 10 75 | 98 | 303356 17 | 03| 10 {309 782|933 38 [ 0.9 | 28
0.60 10.0050| 10 00 [ 107304356 | 17 {06 | O |33817831934(38 119 0
0.60 [0.0050| 10 0.50 2.5 1104|304 1356 | 17 | 06| 3 |[328(7831934| 38 | 19| 9
0.65 [0.0055( 10 50 [101(303(356| 17 | 0.6 7 [319]|782|933}| 38 (19| 19
0.65 [0.0060| 10 7.5 | 98 | 303 (356 | 17 { 0.6 ] 10 | 308 | 782|933 38 | 1.9 | 28
0.75 [0.0045| 10 0.0 | 107|304 356 | 17 |09 | 0 |337|783|934| 38 {28 0
0.75 10.0045| 10 0.75 25 | 104 1304|356 | 17 | 09| 3 (327783934 | 38 28 9
0.80 [0.0050| 10 50 | 101 303|356 17 |09 | 7 |318 7821933 | 38 | 2.8 | 19
0.85 10.0055{ 10 7.5 |1 98 [303{356{ 17 109 | 10 | 30717821933 38 | 2.8 | 28
*C: Cement, S:Sand, G:Gravel, FA : Fly ash, SRA : Shrinkage reduring agent, EA : Expansive additiive
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Table 3 Physical properties of cement

Density Blaine Soundness Setting time (min) Compressive strength (MPa)
(/em’) (em’/g) (%) Ini. Fin. 3 days 7 days 28 days
3.15 3,265 0.15 210 300 2.20 289 38.9
Table 4 Physical properties of aggregates
Kinds Densit}y Finess Absorption ratio Unit we}ight Passing amognt of
(g/em’) modulus (%) (kg/m”) 0.08 mm sieve
Sand 2.58 2.89 1.12 1,682 1.15
Gravel 2.62 6.60 0.69 1,563 0.10
Table 5 Physical properties of fly ash
Density Blaine L.OI Comp. st. ratio Si0, Moisture content Ratio of water
(g/cm’) (cm’/g) (%) (%) (%) (%) content (%)
222 2,850 42 92 67.5 0.2 100
Table 6 Physical properties of chemical admixtures
Kinds Basis Appearance Density (g/cm’)
Superplasticizer Polycarbonic acid White yellow/liquid 1.040
AE agent Vinsol resin Light yellow/liquid 1.185
Table 7 Physical properties of shrinkage reducing agent
Basis Slouability Color Appearance Density (g/em’)
Glycol ether Soluable grain White Powder 1.01
Table 8 Chemical composition of shrinkage reducing agent
LOI Si0, ALO, Fe,0; Ca0 MgO SO; K,0O Sum Free CaO
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
68.82 29.42 0.17 0.10 1.39 0.06 - 0.03 99.99 0.08
Table 9 Physical properties of expansive additive
Density Blaine Chemical composition (%)
(g/em’) (cm?/g) Si0, SO, ALO; Ca0 K,0 F-CaO
2.49 2,980 1.64 25.57 12.15 50.31 0.06 11.10
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Table 10 Test resuits of fresh concrete

Items FA Slump Slump flow | Air content | Unit weight Setting time (hr.)
SRA-EA %) (mm) (mm) %) (kg/m’) Initial Final
0.00-0.0 0 152 255 6.0 2,279 16.0 19.0
0.00-0.0 150 250 4.5 2,325 16.7 19.3
0.00-2.5 10 152 257 4.6 2,339 15.9 184
0.00-5.0 156 258 52 2,301 15.1 17.9
0.00-7.5 156 261 5.3 2,299 15.0 17.8
0.25-0.0 147 247 49 2,323 16.1 18.7
0.25-2.5 10 137 241 4.6 2,320 16.0 19.1
0.25-5.0 135 242 4.0 2,334 15.9 18.8
0.25-7.5 154 252 4.7 2,352 15.8 18.9
0.50-0.0 137 239 5.0 2,321 16.1 18.4
0.50-2.5 10 144 247 4.0 2,326 15.8 17.6
0.50-5.0 155 261 4.7 2,321 15.8 17.7
0.50-7.5 144 248 5.4 2,304 15.6 17.9
0.75-0.0 135 237 4.9 2,328 15.8 18.4
0.75-2.5 10 135 240 4.0 2,337 15.8 18.5
0.75-5.0 138 238 4.6 2,315 16.8 18.8
0.75-7.5 147 235 4.5 2,315 16.6 18.2
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Fig. 8 Multi-relationship between drying shrinkage and
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Table 11 Shrinkage reducing effect due to the combination method of EA and SRA

ltems Drying shrinkage (180 days)
Measured shrinkage strain due to | Calculated shrinkage strain due to Shrinkage reducing effect due to
combined use of EA-SRA (A) |individual use of EA and SRA (B)| combined use of EA and SRA (B-A)
SRA-EA Strain Perce-ntage Strain Perce-ntage Strain Perce-ntage
combination (x10%) (%) (x10% (%) (x10™) (%)
0.00-0.0 -485 100 -485 100 0 0
0.00-2.5 -471 97 -471 97 0 0
0.00-5.0 -451 93 -451 93 0 0
0.00-7.5 -433 89 -433 89 0 0
0.25-0.0 -445 92 -445 92 0 0
0.25-2.5 -408 84 -431 89 -23 5
0.25-5.0 -361 74 -411 85 -5 10
0.25-7.5 -351 72 -393 81 -42 9
0.50-0.0 -413 85 -413 85 0 0
0.50-2.5 -354 73 -399 82 -45 9
0.50-5.0 -307 63 -379 78 -2 15
0.50-7.5 -296 61 -361 74 -65 13
0.75-0.0 -390 80 -390 80 0 0
0.75-2.5 -340 70 -376 78 -36 7
0.75-5.0 =279 58 -356 73 ~717 16
0.75-7.5 -262 54 -338 70 -76 16
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