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An Experimental Study on the Properties
of Admixtures for Concrete
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ABSTRACT

The purpose of this experimental research is to investigate the properties of
workability and strength of the concrete containing admixtures such as silica fume, fly
ash, ground granulated blast-furnace slag, and rice husk ash.

For this purpose, the workability and the strength of the concrete containing each
admixture were tested and analyzed according to the unit weight of binder and the
replacement ratio of each admixture.

As a result. considering their workability and strength, the existence of minimum
binder weight and optimum replacement ratio of concrete containing admixture to plain
concrete were obtained for each admixture.

Keywords : admixtures, silica fume, fly ash, ground granulated blast-furnace slag,

rice husk ash, minimum binder weight, optimum replacement ratio

* A, ety ERRAFET 2us

* Age, Fhdn ALY BT 24 ‘2 =20 thE EolE 19999 8Y VUMK EHEE &
A3, FolENEFA FRANAFY FAd2Y ol FA(o 19999 108 B E9lsige AL UCH

T FEY oA FRAMATE AT

ZIBEES(X| H11H2% 1999.4 115



.M E

HA 7EEel WEE 553 % uFsEof
el whep Huh gejFoln Al FxA)2H]
of Mol g7HH, dEFAte] AF fgo] 2
=3}, Bisiso] el wel 2AE e o
g a7F thFskE L gt} 3 AL oA Bl o
Aaste] wel AAgtE FeAlg FHe 24
2l e ujgrlidel 71718 "li‘ﬂl HAg A4
7 aEd 2AES AzE A WEd
2 Azt v 7k FAd %1\4
wteba] o]ZE BFF 2td F-&7] M
a8 AHEe] BeAdd], o] EMEE O
54& 43 AHs] A8 Ave 718 g
dHog e o FIVE BEI gEA UA,
aRE 85 23|y FAEL FIFE v
A 42T 3x e Az Jenr AR
| delMe Zzte] Fdol &
HE FEI HAF F HAHE AHgsledor & A

2
=
o

off

==

+ dFddae ZaYES] HF7
A

As g %ﬁhﬂi AEFA % Fod A7
202 wol AbgH e g, Setoldf
A, n2sda EE @ pHENEA FAHY
& BYT ZAEC &N, S92 THFE

(300kg/m’, 400kg/m’, 500kg/m’, 600kg/m')
2 o5 A7t E]JEO] A AFd 2 A=
EA4E A% F @ g9 Hed 13T
Ae #HA: INDIAFT EAEY AIFA
BE5dol M} 54T HH EQlE T
3] olF EgAlel 8o #AF /B AE
A A BFA} gt

2. dEe
2.1 A BX =

2.1.1 A9E
B AP ALgd AWHEERE AFdAN U3

116

HE XEJ= AHE(AX) AF)E AR e
W, 2 g8 4ddL& Table 13 2t}

Table 1 Physical properties of cement

Compressive
Specific Setting time Fineness strengph
gravity (ci/g) (kaf/cr)
Initial(min)| Final(h) o3 | 07| Oos
3.12 228 6-15 3,338 | 194 | 219{ 308
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~ Table 2 “Physical propeflies of fing aggregate

Specific Absor-| Unit |Weight of pass-
Specimen | °F it ption | weight{ ing No. 200 |F.M.
EAVIY | (95) | (i/m) | sieve(%)
River sand
. 2.55 1.08 | 1.558 1.8 2.69
(Yeojoo)

Table 3 Physical properties of coarse aggregate

Soeci Gimax | Specific |A0907| Unit | gy Abra-

pecimen (mm) | gravity ption | weight sion
(%) | wt/m) | - (%)

Crushed

stone 20 2.71 0.6 1.551 [6.57| 28.5

(Ansung)
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Table 4 Quality properties of chemical admixture

- — -

Specific Solid | Quantity(%) Main Re-

ravit pH]| content (Cement compo- s

& Y (%) weight) nent marks
Sodium salt

121t | 8| 41 0.2~2.0 | Cfasullod i
nate naph-

thalene
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Table 5 Quality properties of admixtures

Specific{ Fineness

Specimens gravity (/) Place of production
SF 2.20 200.000 North America
FA 2.17 3,200 ChungNam, Boryung

BFS 2.93 4,500 ChonNam, Kwangyang

Rice at Dongjin were
burned by high
temperature of 600C
and then milled

Mean grain
RHA 2.06 | size(D50):
21.6m
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Table 6 Mix proportions of concrete containing SF

tinit weight f Replacement. Targeted air Tni i : Super-
of bind:r \(ha/{f)% ra}zio of SF (Sy/;; S(Icu;ln)p content Unit welght (ke/u) Dlasgcizer

(kg/m") (%) (%) W C SF S G (Bx %)

0 40 11.0 183.3 300 0 719 1120 1.2

5 40 11.0 183.3 285 15 717 1117 2.7

10 40 12.0 183.3 270 30 715 1114 5.0

300 6l.1 15 40 i14.5 2.570.5 183.3 255 45 713 1110 6.1

20 40 1.5 183.3 240 60 711 1107 6.3

25 40 11.5 183.3 225 75 709 1104 6.7

30 40 12.0 183.3 210 90 706 1100 7.0

0 40 19.0 166.8 400 0 697 1086 1.2

5 40 19.0 166.8 380 20 695 1082 2.3

10 40 21.0 166.8 360 40 692 1078 2.7

400 41.7 15 40 19.5 2.570.5 166.8 340 60 689 1073 3.4

20 40 20.5 166.8 320 80 686 1069 3.9

25 40 19.0 166.8 300 100 683 1064 4.2

30 40 19.0 166.8 280 120 680 1060 6.0

0 40 19.0 156.5 500 0 674 1049 1.2

5 40 19.5 156.5 475 25 670 1044 2.1

10 40 19.0 156.5 450 50 667 1038 2.7

500 31.3 15 40 20.5 25%0.5 156.5 425 75 663 1033 3.3

20 40 20.0 156.5 400 100 660 1027 4.3

25 40 19.5 156.5 375 125 656 1022 5.3

30 40 20.5 156.5 350 150 652 1016 6.3

0 35 22.5 166.8 600 0 635 990 1.2

5 35 23.5 166.8 570 30 631 983 1.9

10 35 21.8 166.8 540 60 627 976 2.8

600 27.8 15 35 22.0 25%0.5 166.8 510 90 623 970 4.1

20 35 20.0 166.8 480 120 618 963 6.1

25 35 20.0 166.8 450 150 614 957 8.9

30 35 19.5 166.8 420 180 610 950 11.3

Table 7 Mix proportions of concrete containing FA
Unit weight ; Replacement Targeted air f : ! Super-
of bindfr Y%E; ralt)io of FA (Séa) S<l:r$p cintenL Unit. weight (kg/m) p]asgcizer

(ka/m) (%) (%) W C FA S G (BX %)

Q 40 11.0 183.3 300 0 719 1120 1.2

5 40 12.0 183.3 285 15 717 1117 3.3

10 40 12.0 183.3 270 30 715 1113 3.9

300 61.1 15 40 14.0 2.56%0.5 183.3 255 45 712 1110 4.4

20 40 13.0 183.3 240 60 710 1106 5.9

25 40 13.0 183.3 225 75 708 1103 6.1

30 40 13.0 183.3 210 90 706 1099 6.7

4] 40 19.0 166.8 400 0 697 1086 1.2

5 40 19.0 166.8 380 20 694 1082 3.8

10 40 19.1 166.8 360 40 692 1077 4.2

400 41.7 15 40 21.0 2.5%0.5 166.8 340 60 689 1073 5.0

20 40 20.0 166.8 320 80 686 1068 5.0

25 40 21.0 166.8 300 100 683 1063 5.0

30 40 21.0 166.8 280 120 680 1059 5.4

0 40 19.0 156.5 500 0 674 1049 1.2

5 40 20.0 156.5 475 25 670 1044 1.9

10 40 21.0 156.5 450 | 50 666 1038 2.0

500 31.3 15 40 22.0 2.5%0.5 156.5 425 75 663 1032 2.3

20 40 22.0 156.5 400 100 659 1026 2.3

25 40 22.0 156.5 375 125 656 1021 2.3

30 40 22.0 156.5 350 150 651 1015 2.3

0 35 22.5 166.8 600 0 635 990 1.2

5 35 22.0 166.8 570 30 631 983 1.4

10 35 21.0 166.8 540 60 627 976 1.4

600 27.8 15 35 23.0 2.5%0.5 166.8 510 90 622 969 1.6

20 35 23.5 166.8 480 120 618 962 1.6

25 35 22.0 166.8 450 150 613 955 1.6

30 35 22.0 166.8 420 180 609 948 1.6
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Table 8 Mix proportions of concrete containing RHA

Upit Replacement Targeted Unit weight(kg/m’) Super-
o | Y45 o ST A 88| S St | — = T el
0 40 ] 11.0 183.3 1 300 0 719 1120 1.2
5 401 10.5 183.3 | 285 15 717 1116 2.0
300 61.1 10 40 | 11.0 2.5105 | 183.3 | 270 30 714 11112 2.5
15 40 | 10.5 183.3 | 255 45 711 {1108 3.1
20 40 | 11.0 183.3 | 240 60 709 | 1104 3.4
0 40 ] 19.0 166.8 | 400 0 697 | 1086 1.2
5 40 | 19.5 166.8 | 380 20 694 | 1081 1.8
400 41.7 10 40 | 19.0 25705 | 166.8 | 360 40 690 | 1076 2.3
15 40 { 19.0 166.8 | 340 60 687 | 1070 3.3
20 40 | 19.0 166.8 | 320 80 684 | 1065 4.7
0 40 { 19.0 156.5 | 500 0 674 | 1049 1.2
5 40 | 21.0 156.5 | 475 25 669 | 1043 1.7
500 31.3 10 40 | 18.5 | 25705 | 1565 | 450 50 665 | 1036 3.3
15 40 { 19.0 156.5 | 425 75 661 | 1029 6.0
20 40 | 19.4 156.5 | 400 100 | 656 | 1022 10.0
0 35| 22.5 166.8 | 600 0 635 | 990 1.2
5 35] 19.5 166.8 | 570 30 630 | 982 2.3
600 27.8 10 351 19.0 | 25%t05 | 166.8 | 540 60 625 | 973 5.0
15 35| 19.5 166.8 | 510 90 620 | 965 7.8
20 351 19.5 166.8 | 480 120 | 615 | 957 10.2
Table 9 Mix proportions of concrete containing BFS
Unit Unit weight(kg/m") -
welgnt | /g | Replacement| /g | sump | Tarseted, Shhs
"(k;/“m,‘fr ° (%) 6J| tem % w C | BFS| s G (BX %)
0 40 | 11.0 183.3 | 300 0 719 11120 1.2
10 40 | 13.5 183.3 | 270 30 718 | 1119 2.2
20 40 | 14.0 183.3 | 240 60 718 | 1118 4.1
300 61.1 30 40 | 12.0 25105 183.3 | 210 90 717 1117 4.4
40 40 | 12.0 183.3 | 180 120 | 716 | 1116 5.2
50 40 | 12.5 183.3 | 150 150 | 716 ] 1115 5.6
60 40| 12.5 183.3 | 120 180 715 | 1114 7.2
0 40 1 19.0 166.8 | 400 0 697 | 1086 1.2
10 401 194 166.8 | 360 40 696 | 1085 2.5
20 40 | 19.5 166.8 | 320 80 696 | 1083 3.3
400 41.7 30 40 1 19.0 | 2.510.5 | 166.8 | 280 120 | 695 | 1082 4.6
40 40 | 21.0 166.8 | 240 160 | 694 | 1080 5.4
50 40 | 22.0 166.8 | 200 | 200 [ 693 | 1079 5.8
60 40 | 21.0 166.8 | 160 | 240 | 693 | 1078 5.8
0 40 | 19.0 156.5 { 500 0 674 | 1049 1.2
10 40 [ 23.0 156.5 | 450 50 672 | 1048 1.3
20 40 | 22.0 156.5 | 400 100 | 671 | 1046 1.3
500 31.3 30 40 | 23.0 | 2.5x0.5 | 156.5 | 350 150 [ 670 | 1044 1.3
40 40 | 22.0 156.5 1 300 | 200 | 669 | 1042 1.3
50 40 | 22.0 156.5 | 250 | 250 | 668 | 1040 1.3
60 40 | 21.0 156.5 | 200 | 300 | 667 | 1038 1.7
0 351 225 166.8 | 600 0 635 | 990 1.2
10 351 23.0 166.8 | 540 60 634 | 987 1.4
20 351 22.0 166.8 | 480 120 | 633 | 985 1.3
600 27.8 30 35 220 | 2505 | 166.8 | 420 180 | 631 983 1.3
40 35| 22.0 166.8 | 360 240 630 981 1.6
50 35| 23.0 166.8 | 300 | 300 | 628 979 1.6
60 351 23.0 166.8 | 240 360 | 627 976 1.6
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Dosage of superplasticizer(%)

Fig.1

Dosage of superplasticizer(%)

Fig2 Dosage of superplasticizer with replacement
ratio of admixures(B=400kg/m°)

Dosage of superplasticizer(%)

Fig.3 Dosage of superplasticizer with replacement
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Table 10 Compressive strength of concrete

containing SF

Table 12 Compressive strength of concrete
containing RHA

B ol RV I e
(kg/m") e (%) oy | o- 68 5ol
O 97 165 264(1.00) 272
5 55 | 88 1 144(0.55) | 176
10 59 | 102] 183(0.69) | 195
300 61.1 15 88 | 134| 211(0.80) | 237
20 64 | 102} 177(0.67) | 198
25 55 | 92| 179(0.68) | 201
30 50 | 91 [ 175(0.66) { 200
0 149 | 187| 308(1.00) | 325
5 160 | 195] 314(1.02) | 315
10 259 | 2951 375(1.22) | 433
400 41.7 15 242 | 275] 352(1.14) | 354
20 234 | 2751 331(1.07) | 385
25 222 | 264 | 330(1.07) | 386
30 173 | 226] 321(1.04) | 387
0 297 | 353} 421(1.00) | 427
5 396 | 439] 495(1.18) | 574
10 393 | 431} 462(1.10) | 531
500 31.3 i5 396 | 415 437(1.04) | 523
20 306 | 371| 436(1.04) | 497
25 273 | 333] 402(0.95) | 488
30 231 | 326 341(0.81) | 448
441 | 4971 546(1.00) | 552
5 442 | 518 572(1.05) 643
10 452 | 547] 616(1.13) | 640
600 27.8 15 432 | 506 | 561(1.03) | 562
20 376 | 457 527(0.97) | 529
25 319 | 371 452(0.83) | 517
30 252 | 315| 422(0.77) | 525
( )1 Compressive strength ratio of concrete containing SF

to plain concrete

Table 11 Compressive strength of concrete

Unit yveight W/B RePIacemenL Compressive
of binder | oV |ratio of RHA strength(kef/co)
(kg/m) (%) 63] o7 Ton o1
0 97 | 165] 264(1.00) | 272
5 67 | 114| 201(0.76) | 220
300 61.1 10 81 | 107} 209¢0.79) | 231
15 45 1 108} 191(0.72) | 205
20 35| 76| 194(0.73) | 198
0 1491 187 308(1.00) | 325
5 222 260| 363(1.18) | 370
400 41.7 10 233] 264 370(1.20) | 377
15 165| 223} 287(0.93) | 360
20 1341 187 | 278(0.90) | 320
0 2971 353 427(1.00) | 427
5 293 366 433(1.03) | 452
500 31.3 10 300| 409| 470(1.12) | 510
15 231 290| 385(0.91) | 433
20 2101 245] 325(0.77) | 343
0 4411 497} 546(1.00) | 552
5 431 5491 607(1.11) | 740
600 27.8 10 413] 482 561(1.03) | 590
15 344 441 510(0.93) | 562
20 289 341| 446(0.82) | 449
( ) Compressive strength ratio of concrete containing RHA

to plain concrete

Table 13 Comp_ressinggrength of concrete

containing FA
Unit weight Replacement Compressive
of bindegr Wo/B ra!;io of FA strength(ket/ar)
xg/m) | O .
3 e 7] 091
0 97 165 | 264 | 272(1.00)
5 89 101 | 176 | 182(0.67}
10 100 | 109 | 193 | 196(0.72)
300 61.1 15 91 98 177 | 192(0.71)
20 58 87 163 | 170(0.63)
25 46 66 121 | 135(0.50)
30 42 63 110 | 134(0.49)
0 149 { 187 | 308 | 325(1.00)
5 130 | 189 | 297 | 298(0.92)
10 132 | 191 | 296 | 301{(0.93)
400 41.7 15 145 | 212 | 305 | 311(0.96)
20 140 | 206 | 292 | 297(0.91)
25 130 | 188 | 262 | 283(0.87)
30 111 | 178 | 226 | 286(0.88)
0 297 | 353 | 421 | 427(1.00)
5 264 | 298 | 405 | 469(1.10)
10 306 | 336 | 422 | 575(1.35)
500 31.3 15 283 | 318 | 411 | 512(1.20)
20 220 | 303 | 399 | 469(1.10)
25 201 | 290 | 392 | 420(0.98)
30 180 [ 238 | 374 | 416(0.97)
0 441 | 497 | 546 | 552(1.00)
5 431 | 495 | 567 | 649(1.18)
10 395 { 451 | 517 | 641(1.16)
600 27.8 15 351 | 437 | 501 | 587(1.06)
20 349 | 427 | 506 | 565(1.02)
25 323 | 385 | 411 | 565(1.02)
30 277 | 392 | 411 { 532(0.96)

( ). Compressive strength ratio of concrete containing FA
to plain concrete
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containing
Unit weight Replacement Compressive
of binder | "/Bratio of BFS strength (kef/cr)
(kg/mr) (%) (%) P
3 g1 T 28 091
0 97 | 165] 264(1.00) | 272
10 87 | 106] 163(0.62) | 192
20 89 | 95 ] 165(0.63) | 204
300 | 611 30 109 [ 133] 182(0.69) | 231
20 77 | 94 | 155(0.59) | 203
50 63 | 96 | 142(0.54) | 159
60 41 | 74| 109(0.4D) | 156
: o 149 | 187] 308(1.00) | 325
o 183 | 265 321(1.04) | 357
20 222 | 293] 348(1.13) | 389
400 {417 30 220 | 273] 312(1.00) | 359
40 204 | 234] 264(0.86) | 351
50 108 | 249] 262(0.85) | 322
60 182 | 233] 262(0.85) | 318
0 207 | 353] 421(1.00) | 427
10 336 | 354] 490(1.16) | 492
20 352 | 388] 495(1.18) | 543
500 |31 30 364 | 392] 484(1.15) | 552
40 369 | 385] 491(1.17) | 530
50 326 | 376] 462(1.10) | 471
50 231 | 376] 448(1.06) | 462
0 441 [ 497| 546(1.00) | 552
10 460 | 523] 611(1.12) | 612
20 462 | 518] 585(1.07) | 590
600|278 30 451 | 526 587(1.08) | 588
40 413 | 469] 534(0.98) | 549
50 395 | 451] 520(0.95) | 522
60 398 | 432] 486(0.89) | 560

( ) Compressive strength ratio of concrete containing BFS
to plain concrete
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Fig.5 28-day compressive strength with replacement
ratio of SF
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Fig.6 91-day compressive strength with replacement
ratio of FA
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Fig.7 28-day compressive strength with replacement
ratio of RHA
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