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ABSTRACT

This paper evaluates the fresh properties, compressive strength and shrinkage of
shrinkage controlling concrete (SCC), produced in two ready-mixed concrete plants,
corresponding to special grade concrete standards (drying shrinkage strain: 500 X
106 and below) as outlined by Architectural Institute of Japan “Recommendations for
Practice of Crack Control in Reinforced Concrete Buildings (Design and
Construction).” The SCC was produced in two plants over three seasons (Spring,
Summer and Winter) using a shrinkage reducing chemical agent, expansive
admixture, and limestone coarse aggregate with a water-to-binder ratios of
35.1-55.6%. Fresh properties achieved the target performance by adjusting the
dosage of chemical admixtures during each season. The properties needed for the
strength design, which are the relation between binder-to-water-ratio and strength
as well as the corrected value based on the relation between strength and average

temperature, were derived from data obtained under various conditions. The
shrinkage strain satisfied the limit value of JASS special grade standards. The
investigation results demonstrated that SCC is applicable in a practical and realistic

manner.

Keywords : Shrinkage controlling concrete, Ready mixed concrete plant,
Shrinkage reducing agent, Expansive admixture,

Limestone coarse aggregate
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Table 1 Drying shrinkage strain of concrete grades
@Ay )—tDTL—FEEBIEOT H)

Concrete grade

Drying shrinkage strain

Standard grade

800X 107 - 650x10°°

High grade

650X 107 -500x10°

Special grade (covered by this report)

500X 107 and below

Table 2 Shrinkage reducing materials

(RRE TERA L IR 1 H 4 5)

Materials

Commodity/ production area

Shrinkage reducing agent

Tetra guarde AS21

Limestone coarse aggregate

Tsukumi, Oita prefecture

Expansive admixture

Hyper Expan
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Table 3 Conditions of manufacturing concretes
Ay )—rREOHE)

) Test date
Plant Type of batch mixer
Standard (Sta.) Summer (Sum.) Winter (Win.)
A o ) ) 4/11 7/24 2/6
Biaxially revolving-blade mixer
B 5/31 9/13 2/15
7days Drying periods 6 months Tab I e 7 Cl 5 AI%?H:E ﬁlé AE ?}i 7J< %IJ % c]: U‘\ AE %U 0) 'Ti

(20°C in water) (20°C - 60%R.H.)
1

Length change
Shrinkage <—— Expansion

(DDrying shrinkage (JIS A 1129-1)

Fig. 1 Evaluation method for shrinkage strain
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Table 4 Materials (A4t #)

Plant Materials Type of materials Symbol Characteristics (manufacture/ production area)
Cement Ordinary Portland cement C Density: 3.16g/cm’® (Taiheiyo Cement)
Sea sand (70%) S Density: 2.57 g/em®, F.M.: 2.55, Wa.ter absorption: 1.76%
Fine aggregate (Ogawashima-Oki)
Crushed sand (30%) S2 Density: 2.58 g/cm®, F. M.: 2.90, Water absorption: 1.82% (Aioi)
Coarse aggregate Crushed limestone G |Density: 2.70 g/lem®, Max size: 20mm, Solid content: 60.0% (Tsukmi)
A Water Industrial water w -
Admixture Expansive admixture EX Lime based, Density: 3.16 g/cm® (Taiheiyo Material)
Shrinkage-reducing agent SRA Lower alcohol type (Taiheiyo Material)
Che.mlcal ng}.l-rage v.va.ter-redu.cmg and Sp Polycarboxylic acid type (BASF)
admixture air-entraining admixture
Air-entraining admixture AE Rosin type (BASF)
Cement Ordinary Portland cement C Density: 3.16g/cm’ (Taiheiyo Cement)
Fine aggregate Sea sand (60%) S1 Density: 2.57 g/cmj, F.M.: 2.57, Water absorption: 1.40% (Karatsu)
Crushed sand (40%) S2 [Density: 2.56 g/cm®, F.M.: 2.86, Water absorption: 1.84% (Ogazima)
Coarse aggregate Crushed limestone G [Density: 2.70 g/cm®, Max size: 20mm, Solid content: 60.0% (Tsukumi)
B Water Industrial water w -
Admixture Expansive admixture EX Lime based, Density: 3.16 g/cm’ (Taiheiyo Material)
Shrinkage-reducing agent SRA Lower alcohol type (Taiheiyo Material)
Che?mcal ngl}-rage v.valter-redu‘cmg and SP Polycarboxylic acid type (BASF)
admixture air-entraining admixture
Air-entraining admixture AE Rosin type (BASF)

F.M.: Fineness modulus

Table 5 Requirements for mixtures
(avv)— 0B GR) &5&H)

Unit W/B (%) (B/W)
55.6 (1.80) [46.5 (2.15) [40.0 (2.50) [35.1 (2.85)
Unit water content ke /m’ 180 and below
Slump cm 15425 | 18+25 | 18+25 | 21%+2.0
Air content % 45+1.5
Table 6 Mix proportion of concrete
(ary)—roRG)E)
Plant W/B s/a Unit weight (kg/m°) sp | AR
(%) (%) W C S1 S2 G EX SRA
55.6 48.7 164 284 602 258 951 22 6
A 46.5 48.0 171 354 570 244 925 22 6
40.0 45.8 171 416 528 226 936 22 6
35.1 46.2 174 491 509 218 888 22 6
Table 7
55.6 47.3 164 286 503 333 977 22 6
B 46.5 46.4 169 356 473 315 957 22 6
40.0 443 169 418 437 293 963 22 6
35.1 44.8 174 493 423 281 913 22 6
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Table 7 SP and AE dosage
(BMEREAER KA S K U AERID FME)

Plant W/B Sta. Sum. Win.

(%) SP (B x %) AE (A%*) SP (B x %) AE (A%*) SP (B x %) AE (A%*)
55.6 0.60 9 1.00 10 0.55 8

A 46.5 0.60 12 0.90 10 0.55 9
40.0 0.70 13 0.90 13 0.55 9
35.1 0.75 15 1.00 13 0.675 10
55.6 0.70 8 0.80 10 0.40 3.5

B 46.5 1.00 12 0.90 12 0.40 3
40.0 0.85 15 0.75 15 0.40 2.5
35.1 0.90 17 0.90 17 0.45 2

(A*): 1A=B x 0.001%

Table 8 Test item and method

(HBREBH KL UVHE)

Test item

Testing standard

Test method

Slump

JIS A 1101209

Measurement time: 30 minites after discharging concrete

Air content

JIS A 11287290

Pressure method

Measurement time: 30 minites after discharging concrete

Concrete temperature| JIS A 11567°% Measurement time: 30 minites after discharging concrete

Size of specimen: 100 x 200mm (cylinder)

Compressive strength| JIS A 11082°% . . . s .
Curing condition: water curing (20°C)/ water curing in field

Size of specimen: 100 x 100 x 400mm (prism)

Curing condition: 20°C water curing (before 7days), 20°C-60R.H.% (after
7days)

Measurement period: 6 months

Drying shrinkage | JIS A 1129-12%"!

Size of specimen: 100 x 100 x 400mm (prism)

Curing condition: 20°C water curing (before 7days), 20°C-60R.H.% (after
7days)

Measurement period: 6 months

JIS A 620217
appendix 2

Restraint expansion
and shrinkage
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Fig. 2 Relationship between B/W and compressive strength at 28 days under standard curing
(#EEMKLL LEEEL28BEEDRBR)
Table 9 Compressive strength of shrinkage controlling concrete
(URfEIHEa > ) — FDOEHERERRER)
Compressive strength (N/mm?) Average
Test W/B . Water curing in | temperature T value**
Plant period (%) B/W | Standard curing field ¢ inpfield (N/mm?)

7d 28d 28d 91d (C)

55.6 1.80 21.8 33.0 30.5 39.9 2.5

46.5 2.15 33.1 40.0 38.8 45.8 1.2

Sta. 46.5% 2.15 375 | 458 | 456 | 49.9 15.9 0.2

40.0 2.50 40.7 48.1 47.9 56.9 0.2

35.1 2.85 49.1 56.7 57.7 67.5 -1.0

55.6 1.80 29.4 38.5 41.7 454 3.2

A 46.5 2.15 32.2 44.1 44.5 47.9 -0.4
Sum. 30.0

40.0 2.50 43.8 55.1 57.4 61.3 2.3

35.1 2.85 53.1 64.7 67.8 72.0 3.1

55.6 1.80 28.2 38.2 33.8 41.8 4.4

Win. 46.5 2.15 35.2 42.7 39.1 47.5 75 3.6

40.0 2.50 41.5 50.6 46.3 54.2 4.3

35.1 2.85 48.0 57.7 53.0 60.6 4.7

55.6 1.80 25.0 34.9 36.2 39.3 -1.3

46.5 2.15 34.9 45.6 45.9 51.5 -0.3

Sta. 46.5% 2.15 36.6 47.0 47.5 52.8 24.0 -0.5

40.0 2.50 41.5 52.0 52.1 57.4 -0.1

35.1 2.85 50.0 59.8 60.3 67.5 -0.5

55.6 1.80 27.8 34.9 35.5 40.5 -0.6

B 46.5 2.15 36.4 432 44.4 48.4 -1.2
Sum. 30.1

40.0 2.50 41.5 51.4 51.4 58.3 0.0

35.1 2.85 49.0 56.5 56.6 66.5 -0.1

55.6 1.80 27.0 37.8 34.6 42.1 3.2

Win. 46.5 2.15 36.1 47.8 44.9 52.5 79 2.9

40.0 2.50 42.0 54.7 53.1 61.0 1.6

35.1 2.85 49.8 61.9 60.6 66.0 1.3

46.5*: plain concrete

T value**: (compressive strength at 28 days under standard curing) — (compressive strength at 28 days under water

curing in field)
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Fig. 3 Relationship between T value and
average temperature in field
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Fig. 4 Relationship between drying shrinkage strain and age after drying
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Table 1-a Fresh properties of concrete
(I )—rDT Ly aiR)

Plant A B

Test period W/B Slump Air content C.T. Slump Air content C.T.
(%) (cm) (%) (C) (cm) (%) (C)

55.6 16.5 5.3 18.0 17.5 5.5 28.0

Sta. 46.5 18.5 4.8 20.0 20.5 4.8 25.0
40.0 19.5 4.5 21.0 21.5 4.2 29.0

35.1 20.5 3.6 21.0 22.5 4.2 29.0

55.6 17.0 4.6 31.5 13.5 4.7 28.0

Sum. 46.5 21.0 5.1 32.0 19.5 4.6 29.0
40.0 19.5 4.8 32.0 19.5 4.8 30.0

35.1 21.0 3.4 34.0 20.0 4.5 31.0

55.6 13.0 3.9 13.0 17.5 5.9 15.0

Win. 46.5 17.5 4.7 15.0 20.5 4.4 16.0
40.0 18.5 3.9 16.0 20.5 4.2 17.0

35.1 19.5 4.0 17.0 22.5 3.6 18.0

Table 2-a Drying shrinkage strain of shrinkage controlling concrete (x107°)
(IR¥EHIHID >0 ) — ~ DEZIRUNHE)

Plant Test W/B Age after drying (days)

period (%) 7 28 56 91 182

55.6 -94 -192 -258 -319 -385

46.5 -105 -211 -283 -351 -424

Sta. 46.5% -235 -527 -572 -600 -636

40.0 -118 -217 -293 -335 -396

35.1 -151 -232 -308 -344 -403

55.6 -97 -210 -270 -323 -402

A 46.5 -95 -208 -279 -358 -420
Sum.

40.0 -79 -213 -289 -371 -430

35.1 -135 -240 -297 -364 -408

55.6 -210 -285 -361 -414 -468

Win. 46.5 -232 -309 -364 -425 -469

40.0 -235 -299 -368 -427 -481

35.1 -255 -315 -358 -417 -451

55.6 -82 -242 -318 -382 -488

46.5 -123 -303 -370 -435 -513

Sta. 46.5% -190 -453 -537 -597 -668

40.0 -123 -287 -350 -399 -445

35.1 -138 -298 -355 -413 -467

55.6 -65 -197 -311 -407 -456

B 46.5 -102 -233 -339 -420 -459
Sum.

40.0 -119 -224 -321 -396 -423

35.1 -149 -255 -350 -420 -439

55.6 -108 -215 -295 -325 -398

Win, 46.5 -116 -243 -318 -346 -408

40.0 -149 -262 -335 -362 -415

35.1 -137 -240 -297 -333 -396

46.5*: Plain concrete
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Table 3-a Restraint expansion and shrinkage strain of shrinkage controlling concrete (x10°)

(IRFEIHE >0 ) — FOHRERBEER - IRV T &)

20°C water curing | 20°C-60R.H.% curing
Plant Te.st W/B Age (days)

period (%)

1 2 7 14 35 63 98 189

55.6 102 171 228 194 66 -6 -50 -95

46.5 126 178 230 160 38 -28 -69 -96

Sta. 46.5% 9 5 9 -104 -301 -338 -356 -361

40.0 89 167 240 186 53 -4 -36 =72

35.1 102 158 205 102 6 -42 -71 -85

55.6 167 - 184 110 22 -44 -73 -83

A 46.5 178 - 203 112 3 -65 -93 -106

Sum. 40.0 167 - 199 135 0 -71 -96 -117

35.1 144 - 151 52 -32 -75 -90 -100

55.6 30 156 231 141 23 -48 -97 -129

) 46.5 21 172 234 135 18 -47 -100 -135

win. 40.0 27 168 242 125 36 -49 -95 -135

35.1 20 121 182 74 -1 -50 -81 -109

55.6 80 135 206 156 24 -51 -101 -131

46.5 110 148 198 117 -15 -75 -115 -138

Sta. 46.5* 16 7 16 -74 -273 -345 -369 -382

40.0 76 142 214 126 6 -46 -83 -98

35.1 108 158 208 116 -10 -60 -94 -112

55.6 177 - 207 152 31 -49 -96 -123

B 46.5 171 - 210 138 6 -67 -116 -132

Sum. 40.0 139 - 187 85 -24 -81 -114 -116

35.1 131 - 154 76 -45 -92 -127 -131

55.6 54 231 236 155 86 27 -31 -87

) 46.5 22 197 219 123 62 -4 -58 -112

win 40.0 45 228 236 137 70 3 -43 -98

351 29 173 184 106 39 -18 -61 -102

46.5*: Plain concrete
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Table 4-a  Shrinkage strain of shrinkage controlling concrete (x10°)
(IR#EIMHEI2 > ) — F DOV T &)

Plant Test W/B (DDrying shrinkage (@Restraint expansion O + @shrinkage
period (%) strain at 6 months strain at 7d of concrete

55.6 -385 228 -157

46.5 -424 230 -194
Sta. 46.5% (-636) ) (-627)
40.0 -396 240 -156

35.1 -403 205 -198

55.6 -402 184 -218

46.5 -420 203 =217

sum 40.0 -430 199 -231
35.1 -408 151 -257

A 55.6 -468 231 -237
46.5 -469 234 -235

Win- 40.0 -481 242 -239
35.1 -451 182 -269

Average -428 211 -217
Maximum -385 242 -156
Minimum -481 151 -269
Standard deviation 32.0 28.3 35.6
Variation coefficient 7.5 13.4 16.4
55.6 -488 206 -282

46.5 -513 198 -315
Sta. 46.5% (-668) (16) (-652)
40.0 -445 214 -231

35.1 -467 208 -259

55.6 -456 207 -249

46.5 -459 210 -249

sum 40.0 -423 187 -236
35.1 -439 154 -285

5 55.6 -398 236 -162
46.5 -408 219 -189

Win- 40.0 -415 236 -179
35.1 -396 184 2212

Average -442 205 -237
Maximum -396 236 -162
Minimum -513 154 -315
Standard deviation 36.4 22.7 45.9
Variation coefficient 8.2 11.1 19.3

46.5*: Plain concrete

() : Strain of plain concrete were excluded from statistical results



