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1. General Matters

Outline of the Examination

(D. Test to measure the internal temperature when the concrete is curing
Plan for the blend of concrete that uses Silica White
@. Objectives and contents of the examination
The examination i1s conducted by creating the basic plan for the blend and measuring
compressive strength when Silica White 1s used as a replacement material for ordinary
cement and blast furnace cement, and measuring the internal temperature when the
concrete 1s curing.
@. Shape of the sample
Measuring the temperature change in the center of the cube after pouring concrete inside
the wooden 1.0mX1.0mx1.0m panel frame

Client requesting the examination
Address: 52, 1 chome, Higashi 3 jo, Ryokuendai, Ishikari, Hokkaido, Japan
Postal code: 061-3223
Silica Japan Laboratory Inc.

Conducted by
Department of Research and Development, Product Giken, Inc.

Measured from July 5 to July 15, 2007

Test site
Examination building at Product Giken, Inc.



2. Examination and measurement methods

Mixing design/compressive strength

Using ordinary Portland cement and based on the blend (designed strength: 24 N/mm?,
slump: 15cm), the cement is replaced with Silica White. The same procedure is performed on
blast furnace cement, as well. An air-entraining and high-range water-reducing agent is used
in order to make concrete properties constant. Blend, compressive strength, and other
properties of the fresh concrete are shown below.

Table of Blends (unit: kg)
Name of the Blends w N B SW G AE
24-15-25N 153 283 — — 1078 762 2.26
24-15-25N-SW 181 268 — 67 1026 686 3.02
24-15-25B-SW 181 — 268 67 1021 683 3.02

W/water

aggregate * S/ Coarse aggregate + AE/AE water reducing agent

Compressive strength, and properties of fresh concrete

* N/ ordinary cement + B/ blast furnace cement + SW/Silica White + G/ Coarse

Name of the Blends Measured on: Sompressive stenet Mixing Air Slump
(age of the material: 28 days) temperature | volume
24-15-25N 7/9PM14 272 27 45 15
24-15-25N-SW 7/5PM14 295 25 44 155
24-15-25B-SW 7/12PM14 289 — 43 155
Unit - compressive strength: mm2, temperature:’C, air volume: %, slump:cm




2-2 Method for measuring the internal temperature of the concrete

Using the three types of blended concrete specified in the preceding clause, measure the
internal temperature change when the concrete is curing after pouring each type of
concrete inside the wooden 1.0mx1.0mX1.0m panel frame in the laboratory where the
temperature is kept constant.

Photo O

Memory device for temperature measurement

Wooden frame (data logger/ thermocouple)

Outline chart

Section where the temperature was measured

The temperature of the center part of the sample



3. Test Results

After measuring the internal temperature changes that occurred in the three types of
blended concrete (see the graph below and attached measurement data), it was revealed that
it was possible to lower the curing temperature by replacing cement blended with Silica White.
Moreover, during the curing process, the temperature gradient decreased when BB cement
and Silica White were blended in. It can be assumed that this happened because the curing
temperature lowered the amount of mixed cement per 1 m3, which was reduced by the cement
replacement with the blast furnace slab and Silica White.

However, the compressive strength did not decrease even when the amount of cement per
square meter decreased. Although the cause cannot be determined unless more detailed
tests are conducted in the future, it seems that this was probably due to the close-packed
structure resulting in the closest packing possible (by micro-filler effect, etc.) and because the
strength was enhanced due to the secondary curing reaction (by pozzloanic action, etc.)

Temperature change

Temperature
N
room temperature
N+SC
room temperature
B+SC
room temperature
Time
N/24-15-25N - N+SW/24-15-26N-SW - B+SW/24-15-25B-SW
N N+SW B+SW
The highest internal temperature 47.8 46.0 42.8
Th i ture diffe
e maximum tempe'ra ure. erence 943 93.7 195
between the air outside




4. Examination Results

Silica White charging process Wooden Panel Frame

Cement pouring process Preparation for Measuring

the Temperature

Length of measurement Shape of the sample



(1) Detailed temperature data

N N+SW B+SW @ @ ©)
00 250 258 252 25.2 232 2421
0.5 25.5 26.1 254 251 233 24.2
1.0 25.7 26.3 256 25.2 23.6 244
1.5 25.9 26.5 25.9 25.1 23.6 24.3
2.0 264 27.0 26.2 249 233 24.1
2.5 275 27.5 26.6 24.8 23.1 24.0
3.0 27.1 28.2 27.2 24.6 230 238
3.5 285 29.2 217 24.7 233 240
4.0 30.7 30.0 28.5 244 23.0 23.7
4.5 31.2 31.2 29.2 24.1 22.5 233
5.0 32.0 32.5 30.2 238 221 23.0
5.5 32.8 34.1 31.3 235 219 22.7
6.0 340 35.2 32.8 23.4 21.9 226
6.5 35.1 36.1 338 23.4 21.8 22.6
7.0 36.7 36.7 343 23.2 217 224
1.5 380 374 348 23.0 214 22.2
8.0 39.0 37.8 35.2 226 21.2 21.8
8.5 394 38.6 35.7 228 21.3 22.1
9.0 40.1 39.1 36.2 225 211 21.8
95 404 39.7 36.7 22.6 21.3 21.9
100 41.1 40.2 371 222 210 2186
10.5 41.8 40.7 37.6 22.2 210 21.6
11.0 423 41.2 38.0 22.1 20.9 21.5
115 42.9 41.7 38.4 220 20.8 21.4
12.0 434 42.2 38.8 22.1 20.8 21.%
125 - 438 42.6 39.1 22.1 208 214
130 442 43.0 394 22.1 20.8 219
135 44.7 434 39.8 22.1 210 215
14.0 453 43.8 40.1 22.1 208 214
14.5 45.6 44.1 40.4 220 20.8 21.4
15.0 46.0 443 40.6 221 21.2 21.6
15.5 46.3 447 40.8 22.1 21.2 21.6
16.0 46.4 448 41.1 22.2 21.1 21.6
16.5 46.6 43.1 413 225 21.7 22.1
17.0 46.6 45.3 41.5 22.8 223 22.6
17.5 47.1 45.4 416 23.0 225 22.8
18.0 473 45.5 41.7] . 23.3 22.9 23.6
18.5 474 45.7 419 237 233 24.1
19.0 474 45.8 42.0 239 23.7 24.1
195 476 45.8 422 243 24.1 244
20.0 478 45.9 42.2 244 244 244
20.5 478 45.9 423 248 250 24.6
21.0 47.8 459 42.4 25.2 25.1 25.2
215 478 45.9 424 258 255 26.0
22.0 47.8 46.0 425 27.0 26.7 27.2
22.5 478 45.9 42.6 27.6 274 277
230 47.8 45.8 427 282 27.8 28.4
235 478 45.9 42.7 28.6 28.2 289
240 478 458 42.7 29.3 28.7 29.9

3% (DN room temperature @N+SW room temperature (3B+SW room temperature



(2) Detailed temperature data

N N+SW B+SW D @ @
24.5 475 457 42 8 29.7 29.1 30.2
25.0 475 45.6 4238 296 29.4 29.7
255 47.7 456 428 29.1 295 286
26.0 475 45.6 427 277 299 28.1
26.5 47.4 45 4 42.7 26.9 296 285
27.0 474 454 427 26.6 29.5 278
275 474 453 427 26.3 28.9 273
28.0 472 452 427 26.1 28.2 26.8
28.5 47.2 4572 42.6 25.5 27.6 26.4
29.0 47.0 451 42.7 25.2 26.5 26.1
29.5 46.9 45.0 427 246 26.0 25.8
30.0 46.9 44.9 426 248 25.6 25.5
30.5 46.8 449 42.6 24.3 25.1 25.2
31.0 46.7 447 427 23.6 246 25.0
31.5 46.6 44.7 425 23.8 242 24.9
32.0 46.4 44.6 42 6 23.9 23.8 24.8
32.5 46.1 445 425 23.7 23.4 24.6
33.0 46.0 A4.4 425 23.1 23.2 24.6
33.5 45.0 44 4 42 4 23.1 229 24.5
340 46.0 444 424 23.0 22.9 245
345 46.0 444 42 4 23.0 22.9 245
35.0 45.9 443 42 4 22.9 22.7 244
355 45.9 44.2 42 4 23.2 22.6 24.2
36.0 458 442 42 4 23.1 225 24.1
36.5 45.7 441 42.2 23.3 22.3 24.2
37.0 45.4 440 423 23.3 22.3 23.8
375 45.3 439 421 23.1 222 24.2
38.0 45.2 43.8 421 239 21.8 24.0
385 44.9 436 419 228 216 23.9
39.0 44.8 436 418 229 215 23.9
395 44.6 434 A1.7 22.9 21.1 23.7
40.0 44.5 43.3 416 228 21.3 23.6
40.5 44.2 43.0 414 225 21.3 23.3
410 43.9 42.9 413 22.3 21.4 23.3
415 43.9 428 41.2 225 21.6 23.7
42.0 435 427 A1 1 228 21.8 236
42.5 435 424 410 227 226 23.7
43.0 43.3 42 .4 40.8 23.0 23.7 23.7
43.5 43.2 42.3 40.7 234 24.4 23.9
A4.0 429 42.0 40.6 23.6 237 237
445 428 418 40.4 24.0 23.9 237
45.0 425 417 40.2 24.3 241 23.8
45.5 42.4 415 40.1 24.7 245 24.2
46.0 422 41.4 39.9 25.0 24.9 247
46.5 420 41.2 39.8 24.8 24.8 24.8
47.0 4138 410 30.6 24.4 245 245
475 416 40.6 395 24.4 24.2 24.0
48.0 413 40.3 39.3 242 242 24.2

% (DN room temperature (2N+SW room temperature (@B+SW room temperature



(8) Detailed temperature data

N N+SW B+SW - D @ 6]
485 1.2 40.2 39.2 242 245 24.7
49.0 41.0 40.1 39.1 244 24.6 24.7
495 40.8 30.8 38.8 246 248 24.9
50.0 40.7 39.8 38.8 24.9 25.1 253
50.5 40.5 396 38.7 25.1 25.4 256
51.0 40.3 39.5 38.6 25.0 25.4 25.8
515 40.1 383 38.4 24.9 25.4 25.9
52.0 40.1 39.3 384 25.1 25.3 255
525 39.8 39.1 38.3 25.1 25.3 25.4
53.0 39.7 39.0 38.2 25.1 25.0 24.8
53.5 39.5 38.8 38.1 25.1 248 24.5
54.0 39.3 38.7 38.0 24.9 24.7 24.4
54.5 39.1 38.6 38.0 24.8 244 23.9
55.0 38.9 38.4 37.9 24.6 24.1 236
55.5 38.8/ 38.3 37.8 24.4 23.9 234
56.0 38.6 38.2 37.7 24.3 23.9 234
56.5 38.5 38.1 37.7 243 23.8 23.2
57.0 38.4 38.0 375 241 23.6 23.0
575 38.3 37.9 375 23.9 233 22.7
58.0 38.0 37.8 375 23.9 23.3 227
585 37.9 37.7 37.4 23.6 23.1 225
59.0 37.9 376 37.2 23.7 23.0 222
59.5 37.6 37.4 37.1 234 23.7 22.0
60.0 375 37.3 37.1 234 235 22.1
60.5 37.3 37.2 37.0 233 23.3 22.1
61.0 37.2 37.1 36.9 23.3 233 22.1
61.5 37.1 37.0 36.8 23.3 23.2 21.9
2.0 37.0 36.8 36.6 23.4 927 219
62.5 36.8 36.7 36.6 23.4 22.7 22.1
$3.0 36.7 36.6 365 23.3 22.7 223
63.5 36.4 36.5 36.5 23.0 226 22.5
64.0 36.3 36.3 36.3 229 223 228
64.5 36.1 36.1 36.1 226 22.2 227
65.0 36.0 36.0 36.0 225 22.0 228
65.5 35.9 35.9 35.9 224 21.8 22.7
66.0 35.8 35.8 358 225 223 22.9
66.5 35.7 35.7 35.6 225 23.0 22.9
§7.0 35.5 35.5 35.5 226 235 23.0
67.5 35.4 35.5 35.5 230 243 23.1
68.0 35.3 35.3 35.2 23.6 25.4 23.3
68.5 35.2 35.2 35.2 24.8 26.6 23.4

3% (DN room temperature @N+SW room temperature (@B+SW room temperature



