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ABSTRACT

This paper reports experimental results of drying shrinkage of concrete (design strength:
30N/mm2) produced at three different times during each of three seasons (summer,
spring/fall and winter) at five ready-mixed concrete plants.

Average drying shrinkage strain at each plant ranged from 453 to 670 x 106 after six
months of drying, with a variation coefficient ranging from 5.8 to 8.4%. Drying shrinkage
strain exhibited no obvious correlation with the time of season when the concrete was
produced, while the value tended to be smaller with increase in compressive strength,
showing a weak correlation. Variation in drying shrinkage strain was found to be at a
similar level with that in compressive strength, with coefficients of variation in
compressive strength and drying shrinkage strain being 5.4 and 5.1%, respectively, for each

three measurements per season on average across the five plants.

Keywords : Drying shrinkage, Ready-mixed concrete, Variation, Compressive strength,
Time of season of concrete production, Normal concrete
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Table 1 Surveyed plants and sampling condition
GRAEISH &K O EEERERES)
Items Plants
A | B | C | D | E

Seasons Sum. (Summer), Sta. (Spring/ Fall), Win. (Winter)
Number of tests 3 times/ each season
Sampline period 2008/9 - 2008/9 - 2008/9 - 2008/8 — 2008/8 —

ping p 2009/1 2009/2 2009/6 2009/3 2009/2
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Table 2 Materials
(A
. Aggregate Plant
Materials types A | B | C | ) | 5
Water Industrial water
Cement Ordinary Portland cement
Natural Mountain Mountain Mountain Sea Sea
Fine - Limestone Limestone Rhyolite Rhyolite
aggregate | Crushed
- - Sandstone - -
Coarse Limestone Limestone Limestone Limestone Rhyolite
Crushed -
aggregate - - Sandstone Rhyolite -
Chemical admixture SP*

SP*: High range water reducing agent type AE

Table 3 Requirements for mixture proportion
ars)— bR E) &&H%)

Requirements item

Design value

Slump (cm) 18£2.5
Air content (%) 45+1.5
Specified design strength (N/mm?) 30

Strength correction value Sy (N/mmz)

Sum.: 6, Sta.: 3, Win.: 6

Fogs =F*+28S01 (N/mmz) (Nominal strength)

Sum.: 36, Sta.: 33, Win.: 36

Fg*: Specified design strength in this investigation
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Table 4 Unit water content and water-to-cement ratio of concrete
(A o )—rOBEMKESLUKEA D L)
Seasons
Plant Sum. Sta. Win.
W (kg/m’) W/C (%) W (kg/m’) W/C (%) W (kg/m’) W/C (%)
A 170 43.6 170 48.0 170 43.6
B 175 46.5 170 50.0 170 46.5
C 170 45.0 170 48.0 170 45.0
D 180 44.0 180 47.0 180 44.0
E 180 44.0 180 47.0 180 44.0
Table 5 Testitems (GREXIER)
Test items Test standard Remarks
Fresh Slump JISA 1 1015222 —
properties Air content JISA 1128:2006 —
Concrete temperature | JISA 1156 -
. Size of specimen: 100x200mm (cylinder
Strengf[h Compressive JIS A 11082 | Curing C(P;ndition: standard curir(lgy(ZOOC\?vater)
properties strength Measurement age: 7, 28 days
Size of specimen: 100x100x400mm (prism)
Length Measurement method: contact type strain gauge
change Drying shrinkage JIS A 1129-22%" | Curing condition: standard curing until 7days
properties Drying condition (after 7days): 20°C- 60%
relative humidity
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Table 1-a Fresh properties
(ZLyoattEik)
Plants A B C
S N Slump [Air content| C.T. Slump |Air content| C.T. Slump |Air content| C.T.
easons|No. | 5 (%) CC) (cm) (%) (C) (cm) (%) ©)
1 22.0 3.5 32.0 20.5 4.7 29.5 18.5 4.4 28.0
Sum. | 2 21.5 4.6 30.0 21.5 4.8 27.0 20.0 4.6 28.0
3 22.0 3.7 30.0 21.5 4.8 23.0 19.0 4.2 25.0
1 21.0 5.5 21.0 21.0 6.2 22.0 19.0 4.6 25.0
Sta. | 2 21.0 4.1 20.0 20.0 4.5 24.0 20.5 4.2 25.0
3 21.5 3.9 19.0 21.5 54 24.0 18.0 4.8 26.0
1 22.0 4.6 13.0 21.0 5.5 11.0 20.0 5.0 13.0
Win. | 2 22.0 4.2 12.0 21.0 4.3 13.0 18.5 5.4 16.0
3 20.0 4.8 14.0 21.0 6.1 12.0 19.5 4.9 16.0
Plants D E
Seasons | No Slump |Air content| C.T. Slump [Air content| C.T.
1 (em) (%) (C) (cm) (%) (©)
1 20.5 4.3 31.0 20.0 5.4 30.0
Sum. | 2 20.0 4.5 32.0 18.5 5.5 32.0
3 19.5 53 31.0 16.0 5.2 31.0
1 21.0 4.5 26.0 19.5 54 24.0
Sta. | 2 20.5 4.6 22.0 20.5 5.6 24.0
3 20.0 4.8 20.0 17.0 6.0 20.0
1 20.5 4.0 14.0 19.0 5.8 14.0
Win. | 2 17.5 53 15.0 20.0 4.5 12.0
3 18.0 5.2 17.0 20.0 5.6 16.0
Table 2-a Compressive strength (N/mm?)
(FEHETREE)
Plants A B C D E
Seasons |[No.| 7d 28d 7d 28d 7d 28d 7d 28d 7d 28d
1| 453 | 548 [ 37.5 | 459 | 36.8 | 473 | 414 | 524 | 43.8 | 564
Sum. | 2 | 43.7 | 50.2 | 35.6 | 45.7 | 32.1 [ 43.1 | 46.0 | 569 | 42.1 | 53.6
3| 43.7 | 557 | 37.7 | 46.0 | 393 [ 51.6 | 43.2 | 51.9 | 46.1 | 573
1| 340 | 44.1 | 340 | 43.0 | 305 [ 414 | 43.0 | 53.7 | 39.5 | 493
Sta. 21403 | 472 | 353 | 466 | 31.4 | 424 | 42.8 | 53.3 | 33.0 | 42.0
31398 | 51.0 [ 32.8 | 463 | 382 | 485 | 41.6 | 51.6 | 36.0 | 46.0
1| 479 | 57.6 [ 334 | 425 | 379 | 493 | 47.0 | 56.0 | 41.7 | 504
Win. | 2 | 46.8 | 56.1 | 36.1 [ 47.5 | 43.1 | 56.5 | 46.8 | 55.3 | 43.1 | 52.2
3| 43.1 ] 539 [ 363 | 469 | 38.0 | 50.3 | 403 | 49.0 | 39.8 | 50.0




KPR A v MFZE#EE (TATHEIYO CEMENT KENKYU HOKOKU) #5158%-(2010) : FLEH, #1L, &k

Table 3-a  Drying shrinkage strain (x10©)

(BIRAEVT H)

Time after drying (days)
Plants Seasons No. 5 2 53 56 o1 130
1 177 260 344 409 421 421
Sum. 2 190 278 368 435 452 461
3 194 273 362 423 427 439
1 203 286 377 438 461 490
A Sta. 2 190 276 364 405 448 465
3 191 290 360 419 450 478
1 199 274 347 398 414 422
Win. 2 187 267 360 409 449 475
3 160 231 314 370 403 428
1 151 211 314 396 421 435
Sum. 2 160 243 343 441 469 493
3 175 269 371 431 457 486
1 155 261 351 454 494 528
B Sta. 2 159 246 341 431 478 493
3 150 213 312 402 465 483
1 187 300 418 489 525 543
Win. 2 179 262 355 445 487 530
3 199 258 389 468 512 538
1 227 334 495 628 659 685
Sum. 2 218 351 503 648 672 702
3 227 288 457 595 638 687
1 208 286 417 546 621 667
C Sta. 2 237 337 484 625 697 752
3 195 292 439 570 620 679
1 195 288 420 529 579 596
Win. 2 191 321 442 553 605 647
3 192 271 397 506 565 615
1 185 279 411 517 567 631
Sum. 2 196 293 427 561 579 591
3 243 361 503 623 667 681
1 241 339 455 542 571 595
D Sta. 2 235 314 417 479 522 557
3 217 317 453 521 580 627
1 248 345 431 549 591 637
Win. 2 254 348 452 557 589 630
3 232 343 478 595 655 714
1 163 251 365 473 535 581
Sum. 2 157 259 391 509 550 567
3 145 232 357 472 516 555
1 195 278 391 464 523 569
E Sta. 2 191 286 433 531 606 672
3 223 329 461 535 615 657
1 200 309 431 550 623 673
Win. 2 192 269 373 475 546 591
3 209 308 433 546 607 673




KPR A > MFZE S (TATHEIYO CEMENT KENKYU HOKOKU) #5158%-(2010) : FLBH, #IL, &k

Table 4-a Water loss (%)

(EERLE)

Time after drymg (days)
Plants Seasons No. 5 7 33 91 %3
1 -0.82 -1.01 -1.22 —1.43 -1.56 -1.72
Sum. 2 -0.95 -1.17 -1.38 -1.61 -1.76 -1.92
3 -0.95 -1.17 -1.39 -1.61 -1.76 -1.91
1 -1.36 -1.64 -1.90 -2.16 -2.29 -2.43
A Sta. 2 -0.91 -1.17 -1.39 -1.62 -1.77 -1.93
3 -1.21 -1.51 -1.84 -1.97 -2.09 -2.23
1 -0.68 -0.84 -1.03 -1.17 -1.29 -1.41
Win. 2 -0.74 -0.95 -1.14 -1.36 -1.47 -1.60
3 -0.83 -1.04 -1.25 -1.45 -1.58 -1.72
1 -1.34 -1.59 -1.85 -2.09 -2.26 -2.44
Sum. 2 -1.41 -1.74 -2.01 -2.30 -2.50 -2.70
3 -1.25 -1.52 -1.81 -2.05 -2.23 -2.41
1 -1.45 -1.74 -1.96 -2.21 -2.37 -2.58
B Sta. 2 -1.46 -1.68 -1.87 -2.14 -2.29 -2.50
3 -1.61 -1.85 -2.11 -2.35 -2.50 -2.70
1 -1.13 -1.40 -1.66 -1.90 -2.05 -2.20
Win. 2 -1.32 -1.55 -1.78 -2.00 -2.15 -2.30
3 -1.12 -1.32 -1.52 -1.73 -1.87 -2.02
1 -1.57 -1.94 -2.28 -2.57 -2.73 -2.90
Sum. 2 -1.38 -1.80 -2.14 -2.44 -2.60 -2.76
3 -1.26 -1.52 -1.93 -2.23 -2.43 -2.61
1 -1.45 -1.71 -1.96 -2.27 -2.44 -2.66
C Sta. 2 -1.47 -1.78 -2.10 -2.40 -2.59 -2.83
3 -0.87 -1.18 -1.53 -1.80 -1.98 -2.24
1 -1.09 -1.43 -1.72 -1.95 -2.09 -2.22
Win. 2 -1.04 -1.36 -1.65 -1.91 -2.06 -2.24
3 -1.06 -1.35 -1.66 -1.89 -2.03 -2.21
1 -0.93 -1.17 -1.41 -1.62 -1.80 -2.01
Sum. 2 -0.89 -1.13 -1.39 -1.64 -1.80 -2.00
3 -1.05 -1.30 -1.57 -1.85 -2.00 -2.19
1 -1.12 -1.37 -1.56 -1.81 -1.96 -2.17
D Sta. 2 -0.95 -1.16 -1.40 -1.63 -1.76 -1.94
3 -1.22 -1.50 -1.79 -2.02 -2.18 -2.37
1 -0.91 -1.12 -1.32 -1.57 -1.70 -1.88
Win. 2 -0.86 -1.07 -1.31 -1.55 -1.68 -1.85
3 -1.02 -1.27 -1.54 -1.82 -2.00 -2.30
1 -0.80 -1.03 -1.26 -1.48 -1.66 -1.87
Sum. 2 -0.80 -1.11 -1.41 -1.69 -1.87 -2.07
3 -0.64 -0.94 -1.22 -1.49 -1.66 -1.89
1 -0.90 -1.18 -1.46 -1.79 -1.86 -2.05
E Sta. 2 -1.17 -1.55 -1.94 -2.24 -2.43 -2.65
3 -1.17 -1.48 -1.77 -2.04 -2.23 -2.39
1 -0.85 -1.15 -1.43 -1.70 -1.88 -2.08
Win. 2 -0.78 -1.02 -1.25 -1.50 -1.67 -1.89
3 -1.11 -1.33 -1.63 -1.91 -2.08 -2.29




