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Table1 Chemical component of cement

igloss | insol. | Al20z | Fe20s | Si0z | Ca0 | Mg0 | SOa | Na20 | K20 N feao
cement | (%) (%) (%) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
NO 0.8 0.3 5.5 3.1 [21.7(64.7| 1.3] 2.0/0.30(0.57| — 0.9
N2 1.7 0.3 5.2 2.9 [20.7]63.3] 1.2} 3.9/0.27[0.56| — 0.9
HO 1.1 0.§ 5.2 2.7 120.6(65.3] 1.2| 2.5/0.37([0.5%4| - 0.9
MO 0.8 0.2 4.8 3.8 [23.5)63.4) 1.2| 1.7]0.28(0.48] -— 0.5
BO 0.4 0.7 9.7 2.1 [25.7(54.1f 3.2 2.4[0.46[0.51} 0.4 0.3
B2 1.3 0.6 9.3 2.0 |24.4183.2f 3.0| 4.3)0.44/0.48) 0.4 0.4
Table2 Physical properties of cement (N0, N2, HO, MO0, Table3 Physical properties of cement (AL)
B0,B2)
Chemical Specific | Flexural | Compressive
Specific Setting time Compressive ifi
Type | Specific | surface ol Flov | strength(kgf/cn?) component (%) z:::::;c s:::ce 2:;:;§th sz;::::;l
ce:;\t sty et/ '(’(f IK:; F;:::) « 3d. | 1d. | 284, Al203| Fe203f Ca0 (ca®/g) | (kgf/en®) | (kgf/cn®)
No (BT 3180 [27.5[ 2-28 | $-28 | 250 | 131 226| 422 60.6| 2.5[32.5| 2.98 4230 61.2 458
N2 3.12 3570 [27.8| 2-50 | 3-50 | 249| 159 231| 380
HO | 313 | 4290 28.0) 2-23 | 3-26 | 259 226 338) Ad7 Table4 Chemical component of sew water used for concrete
MO 3.19 3260 | 25.5| 3-02 | 4-27 | 255| 90 16| s17 mixing
B O 3.04 3850 | 28.8| 3-34 | s-10 | 255 97| 152 346 Specific| p H Chenical component (ng/1)
B2 3.00 4100 | 29.0| 3-54 | 5-52 | 253| 95| 152| 325 gravity
(20°C) | (20°C) Na K Ca Mg Cl S04 | CO3
1.024 8.03 | 10125| 387| 376 | 1180 17136 | 2412 65
3. HEAEOHEME
W, Fi (AL, W) 12X, AERIS AL 72
H) ﬁmﬁﬂ BAHIE, JISG3I2ZIKEDHN TS ¢9 mm DI
Y, HEANVETY FeAY b GEENO, 2V, BEAKRELCHRRES L bosf0k.
) Eﬁfwh7 Ftxy b (HO), EHAL  (2) #REOsE
IV REXVE (MO), EfFExY BH&E (B0o, B Table5 IZRIHEED IV 7YY — b2AWT, THi®
2), BLUOTNVIF AV (AL) O 7EEERAVE. EXBA, SEASERE, ARBARIEROMERR
No, HO, M0, B0}, x>~ hOBEIZZREN K ($15X30cm) REHEL L.

HRD 3 M ZEBTREALELDTHS. £12N2,
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Hl s ZHO . Tablel~3iI22hbD+E 2 ¥ bk
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Wiz, ¥EKROIEERSY % Table4 12779, DIF, Apige
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HEDRICE-T, HlzE (AL, W) O k> IKBEEET 5.

B FHIZ 1EES)||EAR ) L BE O )| (oK~ ik 25
mm) ZHV, #EHME LU TREDIIDZHNT.

TARTOIY 7Y — MZIRBMH & L TREAKZ R
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BERENTIT 2. BbADay ) — hOIA# X
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FE (HO DHEICIE 3 HIE) =1T- 1218, ¥KIEERK
RCBR URERBRZBBLEL. 220, (AL, S) &
MEAETHREL, Z0F FHKERKEICER L.
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Table5 Specified mix proportion of concrete

CIW|[G|S|A Unit quantity
ela|m|[l {1 |W N

mit|alu|lrl /| / (k g/m?)

ele x|{m C a

n|r - p w C S G |WE | AE
t (em){(em)|(96)] (36) | (%6) (1) | (ce)

W [25(66{34)52.7[37.0] 153| 290 740 | 1261 | 2.9| -

NO
S |25(56|32|53.4]3.0( 155] 290 718 (1277 2.9} -

W |25|64|40|54.5(37.0| 158 | 290 | 734 (1250 2.9| -

N2
S |25|51[34]55.2[36.0[ 160 290 713{1270| 2.9} -

W 25(37]39{53.1[37.0( 154 290 7381258

HO
S |25{57)31]55.2)36.0] 160 | 290 7111263 | 2.9| -

W 2565|485 {52.4(37.0( 152 290} 742 (1264 2.9| -

MO
S |25| 48|40 [53.1{36.0| 154 | 290 720 (1280 ( 2.9 -

W |25(35|30|52.4[37.0] 152 290 7381258 2.9 -

BO
S {25]|40|38[53.1]36.0| 154 290 7161274

W 254238 [54.8(37.0| 159 290 729 (1242 2.9 -

B2
S |25|{47|41|55.5)36.0| 161 | 290 708|1258| 2.9 -

W25|63|31f52.1]37.0| 151 | 290 737 |1256| 2.9 20

AL

S |25|81|35|528)36.0| 153 290 7186|1272} 29

+ Slump and Air content are measured values.
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Fig.2 Strength of concrete mixed with sea water
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Fig.3 Compressive strength ratio f/f%
(mixed with sea water)
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Fig.4 Compressive strength ratio f//f%
(mixed with tap water)
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Fig.5 Compressive strength ratio
(mixed with sea water v.s. tap water)
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Ny Mixing|Sampling CAH10 CSAHG ZAH3
'é § Ettringite|Friedel's}CaC0,}Ca(0H), Water ?ii?h
ot salt W 1.0 ++ +
(im) + - ¥ 7.5 + +4+ 4+
L) + ++ + S 1.0 ++ +
NO 5 + + 7.5 ++ + ++
7.5 : o: + + : CPS (Counts per Second) is
S 1 + ++ + less than 500
7.5 hd +t + + ++ : CPS (Counts per Second) is
b s : " ' ranged from 500 to 2000
3 7%5 : " + . Fig.7 X-ray analysis (AL)
Wil + ++ +
Hol_ 7.5 + +e 4+
Siis ! . N SNTS, BIFEA Y P REMA L CREKTERY £
W1 + ++
wol 751 o Lo fzav o) — bOFLERTIEBRH I h a7z Shid
Sy 1 + ++ +
5 : it c . LOREDAY ) — FTIE, thoOREICHTHEY
i 15 Lo M oa A 14y DBBHEENEVC EERBRLTNEY 0
7.5 + + + -
W2 5.
§T1 v B T
7.5 + . + + . N N -
L . - : @ KEALAHNY T L, WThORE DAL
. + +
s : : : TEHBHINT, BHrTHERVET Y Fex Y bRTK
7, TS (oome ver B Tt o BAEO DY 7 ) — N T, BERARLEIZ BN T
from 500 to 2000 *ﬁtﬂéﬂ@ﬁ’?f’ _‘jilﬁ}:):"t')( F—ﬁ%}ﬂbﬁ’%@’@

Fig.6 X-ray analysis (N0, N2, HO, M0, B0, B2)
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R % Fig.6 189 . Fig6 » 5L TDOI EHB0Nx
5.
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B
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Fig.8 Depth of carbonation
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Fig.9 Corroded area of steel bars
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Ntz 2 AHs b RBRICERBIRTH - 12 DICxE L TH
ERTIEZ o1z, DEY, HERIICHEKORZESKE
WA R, FREAKEVIY 7Y - DA
CAHyw % <EBIE L, CAHe % 2 AH; ~NOEBEND
BVEMN DB ENI MRS,

ZOESBIENS, U EHEKELTOEKIZT IV
IS4 Y P OBEREREOBIEZEL b00, BRI
IWREE 2D UCRIIBEOERTZMA 2 2 &IC%F
5L, #REMIZFigh O & BEAZRT LK1
LOLEBbNh 5.

(2) A>9)—bOpEbEE

Fig.8 1%, 2v 7)) — MEEEORWIE S & OHEWT I
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Table 6 Grade of passivity
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Fig.12 Water soluble chloride content in concrete
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Fig.14 Diffusion coefficient of oxygen of concrete
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A STUDY ON THE DURABILITY OF CONCRETE EXPOSED IN MARINE ENVIRON-
MENT FOR 20 YEARS

Tsutomu FUKUTE, Hidenori HAMADA and Kunio YAMAMOTO

In this study, long term durability of concrete (plain concrete and reinforced concrete)
is investigated. This study was started in 1970 at Port and Harbour Research Institute.
Many specimens with several different factors, such as cement type, mixing water (sea
water and tap water) and cover thickness of embedded steel bars, were fabricated and
exposed under marine environment (tidal zone of Kurihama bay). During 20 years’ ex-
posure, properties of concrete and embedded steel bars have been tested both chemi-
cally and physically. From the test results, several important conclusions are derived.
In this paper, the outline of this study and conclusions are presented.
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