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Hardening Properties of Marine Soft Clay Using Fly Ash
and Its Application to an Artificial Fish Reef

Keinosuke GOTOH*, Minoru YAMANAKA*
Keisuke TOMINAGA** and Minoru TANAKA ***

A huge amount of marine clay accumulated in Omura Bay, Nagasaki becomes a cause of the water

pollution. Because the marine clay is very soft, it is hard to be utilized. On the other hand a fly ash

produced from thermoelectric power plants is increasing year by year with the change of recent energy

situation. But both of these materials are able to regard as valuable resources.
In this study in order to discuss the utilization of these materials, several cement hardening

laboratory tests of the marine clay by using the fly ash were curried out for the long term. As a result the

hardened materials mixed the fly ash showed very high strength, and it became clear that the application

to an artificial fish reef was fully recognized.
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Table1 Physical properties of the marine clay

Saturated unit weight 7sat  (gf/cit) 1.40
Density of soil particles ps  (g/ci) 2.70
Natural water content Wa (%) 120.3
pH 9.4
Liquid limit Wi (%) 48.6
Plastic limit Wp (%) 27.3
Plasticity index 1, 21.3
Ignition loss Li (%) 14.3
Humic-acid content (%) 0.3
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Table 2 Chemical analysis

Omura thermal  Matsuura thermal

Contents power made power made®’
%) (%)
Si0, 62.10 58.92
Al; O3 22.45 28.23
Fe 2 03 4.20 4.20
Ca0 1.80 0.75
MgO 1.28 0.41
NaO; 1.65 0.47
K.;O 2.22 0.70
SO;4 0.22 0.00
TiO, 0.00 1.35
ig. loss 3.74 4.49
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Table 3 Conditions of hardening tests for the
marine clay and the fly ash

Hardening material Normal portland cement
Mix proportions  (Marine clay:Fly ash:Cement)
(Weight %) =35:45:20
w/C 1.95
Cure method in water at laboratory
(tap water, constant 20C)
change cure water per one month

Period for cure 7, 28, 49, 91, 182days
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(b) After several hours
Fig.3 Concept of hydration reaction
(partly modified after Ref. (9))
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(c) After a few days
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Table4 pH of specimen pieces

Age

(day) pH
7 11.4
28 ' 11.1
49 9.9
91 11.2

182 11.8

FB) KXV KBEESYT-> T 2t=®, FEEOERIZ
£TUTTESZNT & h5RIESETL Tz
LE2ZOLNS, H4498ICKE < pH BEFLTW
HOEY AV FOKRRIGHEEL TOBDTIR AN
PEEZGND,

(2) HEKD pH OIER

Figure 6 13, M4 &4 K pH OREBROELE
K pH OMMBOBFEATRL TS, H4358ET
BARBOBKERWTAKBRBRERT-> T/ d,
HEC B W THEME Y pH 22L TV 5%, *
DT, FROFIEHEYZER L THEEKICATLIEK
RBALIAD, 1y BEOREKTHERETI: pH
BT —EEBBLN TS,

pH O¥nsg (BERHB»S 1 » ABICIT-» 8%
KAZHEBEH%D pH BIEEL & OMIng) (345
TARESERLH, BEKOTHE L pH=0.88
BEOMMEEVREL T3, LiL, HE91BLAET
(38R % 1Z pH OHEIMGBIETL TS, IHIZ, #
SU9BIC BT 5BE KD pH i3, BEKRKANWEZE
#®oO pH LEL <, ZO®%IIBEAEE T pH OWNiL
Roh Tzl ehrb, MAI120BREKERE %
72, EfeEs»S pH OBHITIZIT R kb L%E
25, i, EbEZEBRICKR T HBEIL,
KRB L DE{LHE»S pH OBHIZFRIN S
EEZOLNBT LD, METMEZRE, FEEEic
AKBLCHLHEHICEEYD D52 EEZOHN
5o

10 1.2
Measur? value of pH

e \ 1.0
c 8 = R
‘5 0.8 o
2 e s
“ D
> 0.6 S
o] =]
g 4 L
= 0.4 O
§ O Increment of pH k=

= 2ll@ At change curing 0.2

water
0 1 - A 0
21 42 83 84 105 126
Age (day)

Fig. 6 Change of pH of curing water

4. BHREW~OERAY
LETHBONIERLL, ANBEEME L ARK

ORABELEIC 1T 5 ALBEANOFAEIC OV TR

W95, ALRED, ATHCEBPICHEEDLREL,



260 ‘ wEER E - (L

Fig. 7 Model of proposed artificial fish reef
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Table 5 Applicable member length of an artificial

fish reef
Age compression tensile member
(d agy) strength strength length

(MPa) (MPa) (m)
7 7.55 0.58 1.60
28 10.70 - 0.82 2.25
49 15.24 1.17 3.15
91 15.82 1.22 3.30
182 12.24 0.93 2.50
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