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A Study on the Effects of Superplasticizers on the
Engineering Preperties of Plain Concrete(])

b P23 Bt b B*
Park, Seung Bum - Rhe, Bo Sung

Summary

This study was attempted in order to investigate the effects of superplasticizers on
fresh and hardened concrete. The experimental program included tests on the slump
and slump loss, bleeding, time of set, air content, the compacting, factor Vee Bee,
compr€ssive strength, tensile and flexural strength, permeability, shrinkage and freege-
thaw durability. The major conclusions that can be drawn on the study are as follows.

1. Superplasticizers were observed to have an appreciable fluidifying action in fresh
concrete so that under appropriate conditions, they either considerably improved its
workability or permitted a water reduction of at least 8—12% to be made while
maintaining normal workablity.

2. The bleeding ratios of base and S.P. Concrete were much lower than those of
the conventional concrete. Differences between the base and S.P. Concrete were
insignifician,

3. The setting time was the longest for conventionla concrete, followed by S.P.
concrete and base concrete in thatorder. And AE water reduction admixtures showed
an appreciable influence on the setting and hardening characteristics of concrete and
prolonged the stiffening times.

4, The high initial slump values of S.P. concrete generally decreased rapidly with
increased standing time. CF values showed increasing tendencies with the increase of
S.P. content, and excessive addition of S.P, caused the segregation of fresh concrete,
resulting in its rejection,

5. Though there was a slight increase in strength, no significant differences are
observed between base and S.P. concrete in terms of the compressive, tensile and
flexural strength.

6. The permazability of S8.P. concrete was significantly less than that of the conventional
concrete, and the shrinkage of S.P. concrete was eonsiderably smaller than that of
the conventional concrete, but there were no significant differences between base and
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S.P. concrete.

7. Compared to base concrete, S.P. concrete without entrained air tended to slightly

increase freeze-thaw durability, and S.P. concrete with an appropriate entrained air

gave satisfactory resistance to freezing and thawing.
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Table-1. Quality of normal cement

Specific Blaine 885 Soundness l Time of setting { Compressive strength
t A residue > — . i -
grav‘1 v (em?/g) (%) (%) (hIrn'ltxfiln)I(hfl'n?riin)/ 3days ’ 7days ‘ 28days
3.15 f 3250 [ e | o7 [ 3:50 | 6130 ] 178 ] 245 | 301

Ca0(%) | Si0,( %) }Al,OS(%) ‘Fe,Oa(%) ‘ MgO(%) ] SO,(%) ( Insol. (%) 'Ig.loss(%)

61.1 | 21.2 ’ 5.5 [ 3.2

a1 | 23 [ 0.1 , 2.1
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Table-2. Physical Properties of aggregates

Kind of Specific Absorptxon] Fineness | Unit weight|. Abrasion | Soundness Organic
aggresate | gravity ! modulus (kg/m?*) ratio( %) (%) impurity
Fine agz. | 257 | Lol | 282 | 1630 ~ | e | gond
Coarseage.| 263 | 1.3 | e | 1680 142 | 020 | good
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A g t o
ture ppearance (rz%\;xcgr (cp/20°C)
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NP-10 l o ‘ 118 | 8[Approx.2o
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NP-20 [PAE O 1.13 } 7 ) Approx.10
Sanflo-FB 1Brown liquid| 1.20 1 9 ) Approx.25
Sanflo- [Light brown] [
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Sanflo-K | %{%’5‘ } 1.21 | 9% —
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Table-4. Mix proportions of concrete

Mix. i Kind of JDosage* | ame s | wie ] Unit weight (kg/m®) SIumpl Aix
No. t % RA(% % % %
0 | concrete | (%) |W A(/)‘ (%) (%) l W ‘ c ] S I G (cm)l( )
1 [ Convetion ‘ - | = [ 43 l 53.7 | 188| 350[ 775 1051‘ 18.4) 1.1
2 } Base | - = ’ 43 I 50.3 ’ 176} 350 7886 ]Oé9i 12.1‘ 1.3
3 Sanflo o4 | — | 3| a7 | 74 asd 790 1072 19.5] 1.2
4 FBF 1.0 | — J 43 ’ 47.4 ] léél 350{ 799 1084{ 18.6{ 1.4
5 Sanflo 0.4 | — ‘I 43 ‘ 50,0 [ 175{ ssoi‘ 789! 10705 19.9| 1.0
6 FB 1.0 | — | 43 ‘ 47.7 ' 167‘ 350] 798‘ 1082J 18.11 1.3
7 b ot | — | a8 ( w.1 | 79 350 792 1075 17.7] 1.0
NP-10 :
8 o |- | a | s | esl ssq 798 1079 17.4] 1.2
9 0.4 | T 1 4.7 } 174‘ 350] 790’ 1072’ ]8.5] 1.0
- NP-20
10 1.0 ‘ — | 43 J 48.0 ) 168 350 797( 1081[ 19‘1’ 1.4
n Sanflo FBF 0.4 } 0.25 1 43 ’ 48,6 i 170)’ 3soI 750 maJ 18.5] 4.3
+ . \
12 Sanflo K 1o | 02 ' 43 ‘ 46.0 J 161] 350{ 760 1031) 19.1‘ 4.7
13 Sanflo K ‘ 025 | — ] 43 ‘ 50.9 | 178] 350i 749§ 1004] 18.7{ 4.1
* Amount of admixture solution expressed as a percentage by weight of cement.
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Fig. 4. Changes in slump by time elapsed.
at 1.0% dosage of superplasticizers.
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Table-5. Test results of concrete

Bleeding ratio (%)

Mix.
No 10(min)] 20 | 30 } 40 ‘ 50 ’ 60 | 120 | 180 [ 240 ‘ 300 [ 360
1 3.15|  3.90 446 507 562 605 7 43 7.8 821 839 841
2 2,17 2.46)  3.13  3.59 3.870 413|492 5.78]  6.34  6.35  6.39
3 2.46|  3.19]  3.84] 4.66 505 548 6420 677 7.08  7.12 7.14
4 0.94  1.49] 2,13 2,671 3.0l 3.3 4.05 A1l 4.60 4.78  4.81
5 2.59]  3.32] 406 479 5.270 575  6.89  7.42  7.59]  7.65  7.49
6 16 1.72]  2.2¢) 2.8  3.12 5190  6.32  6.74| 6.8  6.87 6.9
7 2,08 2.50] 3,370 3.78 415  4.67 536 582 605 6,07 611
8 .23 1.87| 2.44{ 2.92  3.24 3.86 4.58  5.04  5.48  5.52  5.68
9 2.47|  8.260  4.02 A5 513 5.57]  6.64  7.09]  7.47)  7.55  7.59
10 1.29]  1.920 2,490 3.07] 3.31| 3.63 476  5.32 5.6l 579 583
11 1.94 2,34 278 3.18]  3.45 3.8l 4.67  5.06 5.16| 523 528
12 0.89) 1071 1.45 2,05  2.31 2.64] 3.51 3.981  4.35 4.60  4.63
13 2,16 2.89| 3.52|  4.37] 4.85 508  6.14 6.9  7.28) 7.31  7.37
Setting time | Comp. strength | Tens. strength | Flex. strength |
l\ﬁliét. ; C.F (\;‘elg) (hr.: min) (kg/cm') (kg/cm*) (kg/cm?®) K*
) Initial | Final | 7d 2d 7d 28d 7d 28d
1 0. 963 2.4 6:40 9:40 172 268 16; 24 32 44| 32.70
2 0. 930 4.5 6:05 8:40 201| 1295 19) 29 40 50| 14.62
3 0. 980 20 6:150 9:05 203 309 20 31 41 520 12.15
4 0. 970 2.5 6:25 9:20 205 318 23 33 42 540 11,65
5 0. 974 2,00 6:200 9:15 200 296 19 28 39 49 13.08
6 0. 968 2.7 6:40 9: 10‘ 203 307, 20 30 40 50, 12.84
7 0. 965 1.9 6:05 8:50 201 302 20 29 39 51 12.46
8 0. 950 2.4 6:35 8:55 204 309 22 30 43 53 11.23
9 0. 967 1.8 6:15 9:05 202 306 19 30 42 511 12.30
10 0. 960 2.5 6:45 9:20 204 310 22 33 43 54/ 11,57
11 0. 981 1.9, 6:05 8:35 201 305 21} 29 40 53| 13.05
12 0. 970 2.1 6:15 8:50 207 316 23 32 42 55 12.06
13 0.985 2.00 7:10/ 10:45 198 287, 18} 26 a7 48/ 12.80

K* : Coefficient of permeability (Unit : x10-‘cm/sec.)
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Table-6. Test results of drying-shrinkage

Mix. Length changes (x10-%)
No. . ™74 l 264 | 60d | 914 | 180d
1 1.98| 454 6.8 7.50 7.9
2 | .53 3.929 554 631 68
3 | 1.420 3.8 538 .07 648
4 | n31] 36 512 583  s.95
5 | 1571 3.97 568 649 7.01
6 | 1.45  3.85| 5.47 6.23 6.54
7 | L5l 389 549 624 656
8 | 1.3¢ 3.74 536 612 627
9 | 1.57 413 5.8 .58 7.42
10 | 140 402 55 631 690
1 .31 3.7¢ 528  5.99  4.02
12 | 128 357 5.08 576 581
13 | .59 404 557 628 704
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Table-7. Test results on the resistance of concrete to rapid freezing and thawing

Mix. Dynamic modulus* Final Relative dy. mo.** | D.F. |Weight* Decrease ratio
No. | of elasticity(kg/em?®) | cycle No. | of elasticity(%) (%) (kg) of weight (%)
1 3.561x 108 45 60 9 4,817 —8.7
2 3.718X10° 117 60 23 4,858 —57
3 4.162x10° 132 60 26 4, 865 —4.9
.4 4.369x10° 189 60 38 4,891 —2.4

5 3.605x 108 93 60 19 4,860 -5.0

6 4.184x10° 147 60 29 4,867 —3.1

7 3.798x 108 101 60 20 4,871 -5.8

8 4,076 X10¢ 123 60 25 4, 881 —5.2

9 3.621 X108 77 60 15 4, 865 —7.4
10 3.983x 108 98 60 20 4,885 —6.3
11 4,158 x10° 300 99.6 100 4,662 —1.3
12 4.217 X108 300 99.8 100 4,69 —0.8
13 3.605% 10° 300 98.7 99 4,629 —1.5

Relative dynamic modulus of elasticity (%]

=3

Relative dynamic modulus of elasticity (%5}

* Measuring values before test.
**x Measuring values at end of cycle
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