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3. Study on the Durability of Concrete
Mixed with Sea Water

Tsutomu FukuTe*
Kunio YAmMAMoTro**
Hidenori HAMADA**

Synopsis

There are two origin of chloride ions in concrete. One of them is introduced in concrete
at mixing by materials used, and the other is from sea water during its service life under
marine environment. Generally, for the reinforced concrete structures under marine environ-
ment, the influence of mixing water on corrosion of reinforcing bars may not be so significant
as the structures on land, because of the high amount of penetration of chloride ions into
concrete from sea water.

In this paper, the influence of sea water as mixing water on the long term durability
of concrete under marine environment is studied. In addition, the effects of the type
of cement and the cover thickness on the long term physical properties and durability
of concrete are also studied. For this purpose, many specimens have been.exposured for
twenty years at tidal zone of the experimental pool which simulate the ebb and flow of the
natural sea condition.

The experimental results obtained are as follows;

(1) The concrete strength after 20 years’ exposure is not affected by the mixing water.

(2) The corrosion of bars embedded in concrete after 20 years’ exposure is not affected
by the mixing water.

(3) The amount of chloride ions measured in concrete after 20 years’ exposure is not
affected by the mixing water.

Therefore, it is concluded that the influence of sea water used as mixing water on long
term durability of reinforced concrete stuructures is negligible under marine environment.

Key Words: Concrete, Mixing Water, Durability

* Chief of fhe Materials Laboratory, Structures Division.
** Member of the Materials Laboratory, Structures Division.
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fH%-1 MEKTERAHEADOHEK DR S

B/FE - IukHk - BHEFEW

e s gmpg |% E| pH 1t ¥ B & (mg/&)

B 20C) | (200C) Na K Ca Mg Cl SO, CO;
1 196942118 12H 1.024 8.13 10525 380 388 1247 18137 2534 67
2 1970462 H3 H 1.024 8.03 10125 387 376 1180 17136 2412 65
3 197045 4 H22H 1.024 8.12 10705 380 375 1231 17951 2492 84
4 197047 A21H 1.023 8.05 10025 375 345 1094 16185 2270 62
5 197041085308 1.024 8.10 10405 380 382 1198 18025 2506 80
6 19714 1 A23H 1.023 7.60 10125 397 388 1249 18472 2583 118
7 1971464 9 H 1.021 7.95 9550 360 359 1150 16949 2377 114
8 197147 A30H 1. 022 7.75 9900 392 367 1222 17903 2483 129
9 19714105298 1.020 7.70 8625 335 326 1051 13098 2168 | 133
10 197242 1 28R 1.024 7.65 10050 390 387 1243 18383 2523 120
11 19724 4 A10H 1.021 7.78 9900 370 362 1169 17258 2396 113
12 197247 A27H 1.020 7.58 8600 340 312 1023 15059 2104 114
13 197242108 24H 1.022 7.70 10050 365 375 1218 17912 2525 120
14 19732 52 H 1.023 7.55 10250 380 388 1244 18198 2581 110
15 19734 A 25H 1.021 7.75 8700 325 333 1042 15487 2162 104
16 197348 H 8 H 1.020 7.75 9150 355 333 1133 15696 2325 101
17 19734£10H 250 1.022 7.40 9600. 360 362 1119 17581 2435 125
18 197441 B298 1. 024 7.85 9900.. | .. 380 395 1262 18354 2585 98
19 197444 F12H 1.022 7.75 9750 355 341 1119 16451 2295 103
20 197457 B298 1.020 7.30 9450 340 307 1042 16545 2275 105
21 19744104 17H 1.019 7.70 7925 320 293 1011 14683 2025 110
22 | 197542 208 | 1021 | 7.20 | 9750 | 870 | 363 | 1225 | 17790 | 2455 | 119
23 197545 A12H 1.024 7.50 10050 400 380 1258 18414 2583 91
24 19754E10A 4 B 1.022 7.65 9300 370 360 1211 17706 2430 137
25 19764 8 A18H 1.017 7.30 7900 310 306 993 14622 2018 91
26 19765 1 A26R 1.023 7.90 9900 395 384 1300 18767 2615 119
27 19764£5 A 6 B 1. 020 7.90 8100 320 320 1049 15469 2160 124
28 197647 B28H 1.018 7.80 8250 305 320 1062 15529 2177 121
29 19764104 288 1.022 7.90 8475 320 345 1127 16109 2267 120
30 197741 B 14H 1.023 7.85 9450 335 360 1131 16658 2334 117
31 197746 A6 B 1.019 7.65 7875 250 328 1012 14991 2099 127
32 197748 A128 1. 020 7.65 7500 295 348 1085 16185 2269 111
33 19774611 H 2 B 1.021 8.05 8550 295 340 1079 15893 2161 102
34 19783 A8 H 1.024 8.40 9150 328 361 1191 17312 2446 95
35 197846 A15R 1. 023 8.10 9150 328 362 1211 17718 2463 74
36 197847 A 26H 1. 022 8.05 9150 325 506 1985 17453 2441 100
37 19781188 B 1.020 7.70 7500 290 299 995 14910 2096 123
38 1979423 A1 H 1.024 7.70 9450 350 368 1190 18112 2545 122




wWAYE ) BEKRE L= v 2 ) — F OABT 281%

WE | o emg |% E| oH £ ¥ B #H  (mg/0

(g5 ¢ 200 | (200) Na K Ca Mg Cl S0, | COs
39 197948 4 A24H 1.025 | 7.91 9300 345 374 | 1210 17985 | 2364 118
40 197948 A11H 1.023 | 7.78 9750 350 387 | 1237 18575 | 2584 112
41 19804 2 A19H 1.022 | 7.38 7875 310 319 | 1045 15290 | 2167 147
42 19804£ 6 A12A 1.022 | 7.80 8250 330 339 | 1109 16490 | 2272 112
43 1980428 A11H 1.023 | 7.80 9150 345 364 | 1193 17943 | 2483 110
44 19814E 1 §19H 1.026 | 7.68 9600 325 377 | 1252 18617 | 2591 121
45 198146 A 8 H 1.018 | 7.78 7800 270 311 | 1034 15521 | 2164 104
46 19814£9 H 4 A 1.022 | 7.67 8775 330 352 | 1166 17720 | 2398 102
47 1982462 A4 H 1.025 | 7.89 9450 335 394 | 1250 18619 | 2559 84
48 19824E 5 B 27H 1.022 | 7.60 8925 345 361 | 1174 17430 | 2455 110
49 19834 2 H21H 1.026 | 7.78 10155 367 378 | 1231 18307 | 2537 107
50 19834 5 A25H 1.020 | 8.16 9000 338 330 | 1103 16451 | 2292 105
51 198446 A5 H 1.022 | 7.68 10050 385 338 | 1244 18147 | 2542 123
52 19844 8 F30H 1.020 | 7.63 9030 336 338 | 1081 16553 | 2242 132
53 19844125180 1.025 | 8.05 10425 385 371 | 1273 18826 | 2624 123
54 19854E 5 H27H 1.024 | 7.79 10380 353 387 | 1228 18079 | 2483 130
55 19854£ 7 A25H 1.018 | 7.46 8022 298 309 973 14679 | 1967 107
56 19854E10 8 228 1.023 | 7.95 9930- | 363 368 | 1185 17689 | 2460 120
57 19862 B 7 B 1.026 | 7.55 10550 | 382 396 | 1264 18893 | 2656 92
58 19864F 4 A30H 1.024 | 7.85 10035 366 373 | 1255 18639 | 2569 126
59 19864 8 F14H 1.021 | 7.82 9075 342 345 | 1132 16945 | 2317 117
60 1986%£11 F10H 1.022 | 7.61 9350 334 350 | 1195 17537 | 2450 113
61 1987466 A4 B 1.020 | 7.64 9075 326 372 | 1187 17714 - | 2481 123
62 19874E12 5 148 1.023 | 7.37 8940 326 363 | 1177 17592 | 2408 107
63 1988466 A 3 H 1.022 | 7.80 9970 373 352 | 1209 17842 | 2458 104
64 19884£8 A 2 H 1.020 | 7.82 7930 311 313 | 1016 15226 | 2130 115
65 19884£12 5 16H 1.022 | 7.84 9061 338 350 | 1087 16370 | 2236 119
66 19894 3 A14H 1.023 | 7.78 10100 364 380 | 1213 18318 | 2476 78
67 19894E 5 A25R 1.022 | 7.90 9350 351 348 | 1165 17652 | 2397 122
68 19894 8 A11H 1.024 | 7.98 9620 352 356 | 1122 17198 | 2317 105
3 # 1.022 | 7.77 9290 346 356 | 1167 17087 | 2378 110
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f1%£-2 =2 v 79— rDEHRRE

E & ] E (kgf/cm?)
AV IOME | 8 v B & K
E) i3 1 &E 5 £ | 10 £ | 20 3
Y - S 3 366 — 506 321 321
¥ @ E A b
e K 409 405 518 335 331
Y S S < — — 524 — 381
¥E X b
(S0, 1#)
21 pis 388 366 521 307 296
y; G- S 3 *425 — 560 — 376
B AL
i3 K *390 411 555 382 358
Y S S 3 328 — 478 344 356
hE S E L b
i3 K 356 558 477 379 336
K E K 380 — 563 429 401
W F B
i 7K 395 532 551 423 387
B Ko E K 363 - 523 — 403
w B B &
(S0s #5)
i K 366 420 513 389 370
Y/ S-S 3 **498 — 672 — 382
7 A 3 S
i3 K *kx958 568 603 526 447

# 4 DIEZRRAG 3RO THETH 5o i, TILIRBERIF, 7L, L7 A%, *NI1H%E, *xN14

Hz X7,




BAXEHEIREEKE LcE=v2 Y — F ORARCET28%

H%-3 =vs Y — rhoiEkhr A+ v EFR

) e A i (%) ey A i (%)
w2 v OB Bl b Bk
Cem) 10 4 15 4 20 % 10 4 15 £ 20 4
2 1.63 1.97 2.16 1.73 2.19
K B K 4 1.48 1.78 2.05 1.55 2.09
7 1.15 1.77 2.06 1.33 2.09
EHEEALITVE
i 2 1.40 1.60 2.06 1.65 2.09
i 7 4 1.25 1.83 1.99 1.70 2.04
7 1.60 1.59 1.68 1.30 1.74
2 1.52 1.55
K - E K 4 1.55 1.59
WEHL L5 7 1.54 1.57
(SO, ) 2 1.93 2.00
i PN 4 1.50 1.54
7 1.64 1.74
2 1.60 1.83 1.63 1.90
p G- . 3 4 0.90 1.82 1.00 1.89
7 1.40 1.95 1.40 2.06
BAELr bS5 ¥ :
2 2.13 2.08 2.70 2.13
5 7 4 1.55 2.09 1.75 2.21
7 1.43 1.93 1.50 2.02
2 1.99 1.77 1.83
KoOE K 4 2.18 1.69 1.79
7 1.70 1.69 1.76
FREBMAEL SV
2 1.82 1.80 | 1.88
i pi3 4 1.52 1.41 1.45
7 1.35 1.48 1.58
2 0.90 0.51 1.03 1.08 1.09
K E K 4 0.64 0.38 0.68 0. 80 0.7
B 7 0.33 0.26 0.08 0.40 0.10
= ¥y B
2 1.33 0.94 1.13 1.50 1.17
i 7K 4 0.85 0.63 0.63 0.98 0.65
7 0. 87 0.17 0.31 0.98 0.36
2 1.22 1.26
K E K 4 0.82 0.85
= & B 7 0.34 0.38
(S0s ) 2 1.12 1.17
i pi 4 0.76 0.78
7 0.32 0.36
2 0.34 0.25 0.36 0.33
K oO#E K 4 0.14 0.04 0.16 0. 04
7 0.04 0.01 0.08 0.01
7 N I F
2 0.54 0.64
i K 4 0.26 0.30
7 0.19 0.26
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