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Summary

This report describes an experimental study of the durability of concrete in contact
with sea water.

Many test-pieses of concrete were prepared for laboratory and field tests by changing
the classification of cement, the weight of cement per unit volume, the air content, and
by keeping the water-cement ratio and sand percentage constant. A half of test-pieces
were soaked in a sodium sulphate (saturated solution) in laboratory tests, and the others
were soaked in sea water in field tests.

The changes of dynamic young’s modulus, which have a close relationship to the com-
pressive strength of concrete, were measured at some intervals of time by non-destructive
tests (sonic tests).

The durability of concrete under the action of sodium sulphate depends on the classifi-
cation of cement, and on this point Portland blast-furnace cement was better than Normal
portland cement.

In the poor mixed concrete of Normal portland cement (the weight of cement per unit
volume, 290 kg/m3), the durability of concrete increased with increasing content of
entrained air. The air content has no effect on durability in rich mixed concrete of Normal
portland cement (the weight of cement per unit volume, 380 kg/m?), and also in rich and
poor mixed concrete of Portland blast-furnace cement. In these cases, the dynamic
young’s modulus of concrete decreased with the increase of entrained air content.

I. & 2 » 2

BN B EET AL OTHRENH R, MKROMEHICL s TELALHLELEINTETEHY, 2~
7y — b OUMEAREDY, BEBEELHELISE-THWS, $h, SHLREOEENE TS 3 LN

* ERREIL




56 EERFRERR H425 (1977)

Fi e, FHREHOLE O, SHMOBEHR, WE A v SO L LT, TMilEkE=
Y2 )= ORBBERINTINS.

WROALRERICL 527 ) — FOBRR, FELT, HRKROWMBER2 ¥ BT O
CsA (3Ca0-ALOs) ERIGELT, 4 ¥ b vF ax (8Ca0-Al0;-3CaS0,s-32H,0) A L, T
NIRRT ARBIERRETC ERERT 2 EEDbI T EY,

Wik oaryr7 ) -, ThicAT, HOMER, Dok 285, Bt TR, HE,
B CHARDERR EOYBUBRAEAEZ I TOEbIFTH 3%,

AR TR, ZEE, Bt VIR, 2 Y OBBEREOFBEREHAGLELT A T
C—2ZHEL, 22 ) —  OMEKEKET2ENEREBEERET 0. BERNERTRE,
FA =%, WY v a2BREERIT, T, BBERTH, SEBEEECTF A
-2 AEHL, ChboBHEORBIZONT, YOL 5 BELMOBBELE BLITONTHE
Lz, BB OHLOEHEE UT, WRTR, ERRARIC Y - TRERIE L, HBEOBH
EERDBDICE, PHOTFA I C—APBETDHY, 3/, HHDLLIIT R LNTE
W, LiedioT, S, EBEHE L 2EWEARICLIY, 72 - OMEELEH
SELT.

II. SEm & & &

2.1 BUEREE RE & OBR

B RBE MR OIRHEL O T AELOMBREZE LT HAER TS 208, —Rica v
Yo b BRI CH B0, BHEOHBITX - TZOMEMBE S, L L, BEEEET
MERARE LTLA L, ZOMB—ETHY, av 270 - OAEHEEETRLTHEECH S L
E2TID, —RKCEREOa Y7 ) - OFREREDO2 2 ) -+ XD 3 EH—0F 2l
OFERI BT B3H L0 8T, MHERREIRE W,

el 2, FIEHRRE B, LIERIRE oy OMICRKROL S BB DH 22 &85 bIT U
BT,

Inge, Lyse ®%, E;=126,000+4600; (kg/cm?) ... (1)

Walker #® E;=40,00003°%¢
(ps] ......... 2
Ei=84,3000'35/8 ) (2)
Ty AR S B B IR BB & B BRI LTE /T b e § O T REBIC X 2 91
EMBHICHE T2, COMIERBELML P OBBRH 3 EBMON TR, BREGHR
E, LEHTRE oo L OBBRELT, 2¥DLI B OBBRINTNEY,

EDZ‘KN'CH2 ......... (3)
K

ED*(l_zﬂ)o‘Cllz ......... (4)

Ep=(Ks(w/c+K)o L2 Ll (5)

Ep=Ks0.'®

0C=AED+BED2+CED3 ......... (6)




e - ER - FE HEN: a2 Y~ OB 2R 57

TCit, Ky Ks & 08 ABC BRERGER, ¢ RHET Y VI, w/c dker v 1
DBMERBIA SR ORBIRTIEIC L 0, JEMIEINICIET B EMTEBRG, 32 ) — |
BRI OREREZALER D BB A IR ICEHTH 5.

2.2 HWBIRBHE

COFER, R.1UCRT L) BEEERNT, SERECHHET, ~b2ERD 50 BALYIE
BEL2T, Tho Q1 RMREHEANE L, BBEEEK, Bt o BRkaid 301 L7 v
VIERDBHETH B, CORBRFEORSRE, HREOREL(S B IWEE, 1k
FICar s ) -t 5L, RAINZWEREA-URECTHELCHMY S 32 ETH5. Lic
o THAERR, WMBERE, 7o ) BHRISSOEREABICGHAIN S,

Audio Audio
oscillator L( amplifier
%

......................

to Driver K

|

i by -7
I o i gitudinal { JFlexural Torsional '
. t vibrations i vibrations vibrations !
b P& |
v : :
: ; 1 H
v ! °
v i e
PR S 1
H 1

. '

1

Beat
frequency
oscillator: [ ot et et e et et e 4

g o pick up P
ooy i
counter amplifier

Fig. 1. Block diagrams of sonic equipment.
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Table 1. Physical properties of cements.
Finess Setting
Classification Specific Specific 88 g The quantity Initial Final
of cement gravity surface remains of water setting setting
arca
{em?/gr) (%) %) (h-m) (h-m)
N 3.17 3160 1.3 274 2-35 3-33
B 3.02 3850 0.9 29.6 3-32 4-49
C 2.99 3930 0.9 29.8 4-33 5-51
Strength (kg/cm?)
Classification Stability Bending Compression
of cement
3 days 7 days 28 days 3 days 7 days 28 days
N good 34.1 51.3 70.9 145.0 249.0 418.0
B good 27.6 41.8 71.1 102.0 183.0 401.0
C good 21.6 38.5 62.6 81.0 173.0 383.0
N: Normal portland cement
B: Portland blast-furnace cement B
C: Portland blast-furnace cement C
Table 2. Chemical components of cements.
Classification  Ig.loss Insol. 8i10;  ALO; Fe;Op MnO CaO MgO SO, Tot/al
of cement (%) (%) (%) (%) %) (%) (%) (%) (%) (%)
N 0.5 0.5 217 5.2 3.3 65.1 13 L3 99.4
B 0.8 0.3 26.8 10.4 1.9 08 536 3.0 2.1 99.7
C 0.8 0.4 28.6 12.2 1.5 0.8 494 38 20 99.5
N: Normal portland cement
B: Portland blast-furnace cement B
C: Portland blast-furnace cement C
Table 3. Physical properties of aggregates.
Ttems Fine aggregate Coarse aggregate
Specific gravity 2.50 2.90
Absorption (%) 3.40 3.23
Finess modulug 2.52 6.88
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Fig. 2. Sieve analysis curves of aggregates.
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Table 4. Factors and levels of experiment.

Factor Mark Level 1 Mark Level 2 Mark Level 3 Mark
Welght of cement per 5y 990 kg/m®  (A;)  380kg/m®  (Ag)
Air content (B) 1.5-1(%) (By) 4.04+1(%) (By) 6.041(%) (By)
Classification of cement (D) N (Dy) B (Dg) C (D3)
N: Normal portland cement
B: Portland blast-furnace cement B
C: Portland blast-furnace cement C
Table 5. Experimental conditions.
Mix Water-cement Air Sand Weight of Classification
number ratio content percentage water per unit of cement
(%) (%) (%) volume (kg/m?)
1 50 1.54-1 43 290 N
2 50 1.54-1 43 380 N
3 50 4.041 43 290 N
4 50 4.04-1 43 380 N
5 50 6.04-1 43 290 N
6 50 6.04-1 43 380 N
7 50 1.54-1 43 290 B
8 50 1.541 43 380 B
9 50 4.0-+-1 43 290 B
10 50 4.0L1 43 380 B
11 50 6.041 43 290 B
12 50 6.04-1 43 380 B
13 50 1.54-1 43 290 C
14 50 1.54-1 43 380 C
15 50 . 4041 48 290 C
16 50 4.04-1 43 380 C .
17 50 6.0--1 43 290 (o]
18 50 6.0--1 43 380 C

N: Normal portland cement
B: Portland blast-furnace cement B
C: Portland blast-furnace cement C
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Table 6. Mixes of concrete.

Weight per unit volume
Order of Mix Classification

Air entraining

experiment number  of cement Water Cement Fine Coarse agent
(kg/m®)  (kg/m®) aggregate aggregate
(kg/m?)  (kg/m®) (cc/m?)
2 1 N . 290 145 805 1237 0
1 2 N 380 190 726 1116 0
5 3 N 290 145 778 1196 101.5
13 4 N 380 190 699 1075 133.0
16 5 N 290 145 756 1163 150.8
14 6 N 380 190 677 1042 197.6
4 7 B 290 145 800 1230 0
6 8 B 380 190 719 1106 0
15 9 B 290 145 773 1188 101.5
8 10 B 380 190 692 1065 133.0
12 11 B 290 145 751 1155 150.8
17 12 B 380 190 671 1032 197.6
10 13 C 290 145 799 1228 0
3 14 C 380 190 718 1104 0
18 15 C 290 145 772 1187 1015
7 16 C 380 190 691 1063 133.0
17 C 290 145 750 1154 150.8
11 18 C 380 190 670 1030 197.6

N: Normal portland cement
B: Portland blast-furnace cement B
C: Portland blast-furnace cement C
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Table 7. Analysis of variance on dynamic young’s modulus of cylinders at 56 days (Jaboratory
test).
Sum of Degree of Unbiased estimate of Variance
Factor squares freedom population variance ratio
(S) (#) (Fo)
A 8.242 1 8.2422 6.78%
B 135.395 2 67.6973 55.68% ¥ *
D 15.582 2 7.7910 6.41%
AXB 7.539 2 3.7695 3.10
AxD 2.559 2 1.2793 1.05
BxD 7.967 4 1.9922 1.64
Error 4.863 4 1.2158

*%%: Significant at one percent
#%: Significant at five percent
*: Significant at ten percent

Table 8. Analysis of variance on dynamic young’s modulus of cylinders at 270 days (labora-

tory test).
Sum of Degree of Unbiased estimate of Variance

Factor Squares freedom population variance ratio

) (9) v (Fo)
A 71.277 1 71.2773 1.52
B 20.844 2 10.4219 0.22
C 482.031 2 241.0156 5.13%
AxB 48.441 2 24.2207 0.52
AxD 258.566 2 129.2832 2.75
BxD 110.137 4 27.5347 0.59
Error 187.984 4 46.9961

*; Significant at ten percent
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Table 9. Dynamic young’s modulus of cylinders (field test) (x 10¢ kgfems?).

Mix Curing period (days)

ber
mbe 28 77 107 140 270 330 365 403 433 477 527 563

1 37.7 38.0 38.5 386 387 383 387 387 391 392 391 39.0
2 37.2 38.7 39.5 396 41.8 433 434 435 438 438 44.1 436
3 33.0 33.5 34.1 342 342 341 348 344 379 371 353 352
4 30.7 32.2 32.7 327 330 328 332 332 334 333 338 331

5 32.8 32.7 33.3 334 335 3834 336 339 339 339 347 337
6 27.5 30.5 31,1 31.0 31.3 31.3 314 315 317 317 315 314
7 39.1 41.8 42.6  42.7 43.7 454 435 445 431 442 443 445
8 36.0 39.6 40.5 408 41.9 42.8 43.1 43.6 42.7 432 43.0 43.1
9 36.0 38.8 38.7 399 40.8 41.5 41.9 425 41.9 423 422 422
10 32.7 35.7 355 358 36.7 373 376 383 376 378 381 383
1 30.6 33.8 345 346 354 36.1 364 369 365 36.7 369 366
12 29.9 32.2 33.0 333 343 375 365 385 380 381 40.6 40.2
13 37.0 39.2 39.7 399 40.6 414 41.6 426 419 41.7 41.7 416
14 34.1 37.6 38.2 384 392 399 404 411 40.1 408 412 410
15 33.2 36.9 37.5 37.7 385 39.2 388 40.I 383 395 38.0 397
16 32.9 36.0 36.5 367 374 381 385 39.1 381 390 381 383
17 31.8 34.5 350 352 358 365 371 378 373 373 382 383
18 29.7 31.9 324 326 33.1 338 341 346 338 342 335 333

Table 10. Dynamic young’s modulus of prisms (field test) (¢ 10* kg/cm?).

Mix Curing period (days)
number

28 77 107 140 270 330 365 403 433 477 527 563

1 41.6 45.1 44.3 443 443 445 431 441 445 439 443 442

2 37.2 37.3 37.8  38.0 387 391 382 389 390 392 392 39.7

3 34.0 36.1 365 36.8 36.4 363 353 355 358 359 357 356

4 35.2 35.5 36.1 365 364 36.1 357 360 359 358 357 354
5 35.2 35.0 35.3 351 360 354 346 355 346 348 355 353

6 30.8 33.1 33.3 334 334 335 324 330 329 30.7 33.0 328
7 40.6 41.8 42.6 42,7 43.7 454 435 44.5 43.1 442 443 445

8 36.0 39.6 399 407 40.0 419 404 42.1 41.3 415 41.9 41.9
9 37.7 39.1 41.9  40.3 42.6 43.7 40.0 41.7 43.1 41.0 43.9 40.7
10 31.5 35.3 36.0 359 372 378 353 37.7 369 372 37.0 383
11 31.0 34.5 35.1 350 359 368 352 37.2 365 367 369 36.6
12 29.7 34.8 354 359 366 375 354 376 359 365 36. 36.4
13 35.6 38.5 40.5 411 397 404 39.8 41.9 41.2 413 421 39.1
14 34.8 37.6 37.1 386 385 396 38.0 404 373 397 384 383
15 33.5 37.9 39.5 398 40.6 402 385 39.9 388 403 41.2 39.0
16 32.1 36.3 36.6 377 380 38.6 377 384 37.1 384 383 386
17 31.1 34.3 349 350 355 359 334 355 373 373 482 38.3

18 29.9 28.5 315 31.8 328 335 322 334 3.1 325 30.8 316
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Table 11, Dynamic shean modulus of prisms (feld test) (X 104 kg/cm?).

Mix Curing period (days)
number 28 77 107 140 270 330 365 403 433 477 527
1 16.8 18.3 17.6 18.1 18.0 180 179 175 180 17.7 18.1
2 15.1 15.0 15.2 15.3 15.5 157 155 157 159 154 158
3 14.4 14.8 14.9 15.0 15.0 149 143 143 144 143 141
4 14.7 14.6 14.7 14.8 14.9 148 147 143 144 143 146
5 14.7 14.4 14.5 145 14.7 146 142 145 145 147 147
6 18.5 13.6 13.7 13.8 18.9 138 135 13.6 127 127 12.9
7 16.3 16.9 17.3 17.4 18.0 185 180 189 180 180 184
8 14.9 15.8 16.3 16.6 16.5 17.2 17.1 175 166 168 168
9 15.6 15.8 17.0 16.6 17.4 179 166 17.3 17.2 166 17.2
10 13.6 14.3 14.6 14.6 14.9 151 144 155 151 153 153
11 13.4 14.2 14.3 14.4 14.7 149 144 148
12 13.1 14.3 14.5 14.7 14.8 152 145 152 147 148 146
13 15.0 15.6 16.1 16.5 16.0 161 159 171 164 17.1 169
14 14.8 15.3 15.6 15.6 15.6 16.1 155 164 157 161 163
15 14.5 15.3 15.7 15.8 16.5 163 155 163 157 163 16.5
16 18.7 14.7 14.8 15.0 15.2 154 150 152 147 153 15.1
17 18.4 14.1 14.2 14.3 14.5 146 139 151
18 12.8 12.3 13.2 13.4 18.7 139 136 13.6 133 133 134

Table 12.

Analysis of variance on dynamic young’s modulus of cylinders at 77 days (field

test).

Sum of Degree of Unbiased estimate of Variance

Factor squares freedom population variance ratio
(S) (¥ (Fo)

A 12.336 1 12.3359 20.18%%*
B 129.180 2 64.5898 105.65% %
D 22.500 2 11.2500 18.40%%*
AxB 1.027 2 0.5137 0.84
AxD 1.457 2 0.7285 1.19
BxD 9.512 4 2.3779 3.89
Error 2.445 4 0.6113

*#% . Significant at one percent

*% . Significant at five percent

Table 13.

Analysis of variance on dynamic young’s modulus of cylinders at 403 days (field

test).

Sum of Degree of Unbiased estimate of Variance

Factor squares freedom population variance ratio
(8) (4) (Fo)

A 3.578 1 3.5781 0.80
B 142.305 2 71.1528 15.99%*
D 73.129 2 36.5645 8.22%%
AxB 6.953 2 3.4766 0.78
AxD 4.234 2 2.1172 0.48
BxD 13.641 4 3.4102 0.77
Error 17.801 4 4.4502

##; Significant at five percent
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Dynamic young's modulus (X 10%g /orl)

457

40

35}

30

38 77 140 270 365 433 527 563
Curing period (days)

Change of dynamic young’s modulus of cylinders with curing period (field test).
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Fig. 12. Change of dynamic young’s modulus of cylinders with curing period (field test).
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Fig. 13. Change of dynamic young’s modulus of cylinders with curing period (field test).
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