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Table 2-1. Distribution of the Reclamations in Water Area.

See Bottom

Lake Bottom

Region Reclamation Reclamation Total

Number Area (ha) Number Area (ha) Number Area (ha)

Tohoku .
Hokuriku 6 361.54 14 23,156.53 20  23,518.07
Kanto 2 305.12 17 4,483.34 19 4,788. 46
Ise-Bay 7 1, 295. 38 0 0 7 1,295. 38
Setoucht 41 6, 939. 82 1 18.42 42 6, 958. 24
Kyasya 28 6, 670. 49 1 18.95 29 6, 689. 44
Others 29 4,849.51 19 2,717.08 48 7, 566. 59
30, 394. 32 165 50, 816.18

Total 113 20,421.

86

52

(after Reference 42)



W 7 AR T o B 1S 301 % FEBIAR X 0 D e B 2 B 287

by HWERA LW T & - T, dicpbae
ATCLDTHD. WHFNHHE, NS bR
EFO M D=1 ey Lkl FEF T T H 4
25y MLPRHE S ES T JA F U Fc ALLIC R U7
BPEHEFIH LT, THIC X - Taicpe{br A 7
bOTH% ™, ML, L LTKY, BAE,
H2ED 3 KM, H 25 EEENOW 0=/ Fih
ShTws. B, Hb, Jbbeibig, ¥R s
BTHECLZMMNT, WM« DESFEEL T fodIc i
DIRSNTHELICMBY S L, et L TBACTFE
WnMtieb T X 7o

DX 5, FiRML s« v BRI R 0T
CONBERBIE T 2 VB L DK, CheFay
FIOEIRGHC L 5T, KEL 200 TD &
NTE 5. TicbhbTD 1Dk, FEEHTOFIET
REINBH P=ZMINC BT 2 Fihtho ity v,
> 1 2%, FLHch R D A BIHE D @Y FEF 2, /\IB
WO LS IR 5 TR0k ch 5.
TSRO R X2 5 L3, — AR
LA TH DD, LORICKE TIRET D EMMN T,
MK WD B e, F K B A ST
T, WP B LR T 2. — ST
W, ZMMNT LIRS TC R IFRE LTl
HEBBATRCT 2, KO TER THEE Wl h
THETA9. Zofkd, v, #it, arg rFe

(a) Kojima-bay (b) Hachiro-gata
EL.- 2.40m EL.
Ele| soi Ele| soi
= E Classifi- = ké Classifi-
a 2,
2 A cation S A cation
2 sand 2
44 sandy 4
6 loam 6
8 loam 8 blue
10 4 silty 10 clay
loam
12 12
silty
14 4 loam 14
R 16
sand 18
20
22 22

Wo BRI DI S BT I WA, F BB
BT, K2NLES, BUOBHESOIERY b 20T
T, KROWBEWEE L 0%, (L20 « EHEEo -
BIS, IREW R B E U D OB S &
Ezbivh.

DY DR B TR T H 2 MK, A
N GREJID o n=fihich 5., S +1. 10~
1.30m oA D KJEH 800m 23, HIRVE h OFRE
Kt Ths ML, BEX10m FTiX, oAb s
IR D F RO A AL FOHED TS 5 O,
FN e REBA K B 3 2 SRR L, BRES)IW 0
D=ZMCH D, UL BELTH T, *
DIFAH EFLI0m 3P 5 B X b BT B 9,
HREORTL, JHERITOZMM S 2 e
X, #UN#X, Fig.2—2 o No.12 35 1 08 No.13 o
TREBIMC RS & 5, WERYEAE T8 TH
%,

CAUSH LT, WEYE (Fig.2-1a)19 5 345
e« ASHKHE o (Fig. 2-2) 12 361 % MW E¥Fcik, X
OO TGO B AR E LTEY, FEBcE
BID FL, D% < MREDRE 1 L dp 5 17ee
™ (Fig. 2-1 b~d),

CDX5IC, KEEMM A BT 5 E LB E
REGES 2 Enb, FHRE KEOERCHT 2%
TS TRSD . MUEMIMN EOFHMTIE, &

(c) Kasumigaura (d) Kahoku-gata
EL.- 2.18m EL-2.0m
El o] Soil El o Soil
”.E E Classifi- —g § Classifi-
S| * | cation S| ™| cation
brown mud
2 :'x silty 2
4-5, clay 4
6 3, 6
&Eh 8
[—Wx 3|
10 3 cay
1, blue 10
123, silty 12
- cla
14-%:‘ ’ 14
—x
16 = 16
18 4% 18
X
20t~ dark blue 20
29 loam 29

Fig. 2-1. Some Soil Profiles at Reclamated Lands expects Kyiishd.
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Fig. 2-3. Locations of Soil Profiles.
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Table 2-2, Estimated High-water Discharge in Ariake-Sea.
and Shiranuhi-Sea Region

Catchment
River Area

()
Chikugo-R. 1, 445
Midori-R, 1,102
Shira-R. 480
Kikuchi-R. 942
Rokkaku-R. 341
Hommyo-R. 87

1,842

Kuma-R.

Estimated S
i e et
Discharge ; &
(m®[sec) (m?fsec/km?)
8, 500 5. 88
4, 650 4.23
2,500 5.21
3, 000 3.18
1, 600 4. 69
1, 450 16. 67
2.98

5, 500

(after Reference 13)
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Table 2-3. Values of C. at Alluvial Clays in Japan.

Region Slle (.:e
Ariake--Sea seq 0. 30—2. 00
Shiranuhi-Sea sea 0.15—1.01
Kasumigaura lake 0.63—1, 69
Kahoku-gata lake 0.36—1. 67
Hachirg-gata lake 0.6 —2.2
Harbours sea 0.18—1.58

Mean

Value Note

of C.
1.05 134 samples
0, 64 25 samples
1.08 7 samples (32)
0.97 36 samples (71)
1.02 56 samples (17)

(about) (from figure)
0.59 representative (22)

10 samples
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Table 2-4. Some Relations between wy, and Ce
at Alluvial Clays in Japan.

Clay Expression Note
Ariake—clay (1) C. = 0.012 (wy—4) Ref. 69
Ariake-clay (2) Ce = 0.029 (w0, —50) Ref. 64
Hachirg-gata ~
clay (1) Ce = 0.014 (wr,—16) Ref. 61
Hachirg-gata N ) >
clay (2) Ce == 0. 009 (ror,+4) Ref. 17
gzly“)k“‘gat“ Ce = 0.007 (wy+30) Ref. 71
Clays at some . v Ref. 22
harbours Ce = 0.009 (wr,—20) (from figure)
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Table 2-5. Calculated Examples of Settlement by Consolidation.

2

Presumed Calculated Caleulated
Time Settlement Degree of I}'f' Cil:;l ft(l ¢
Consolidation tnal settiemen
(years) (em) (% (cm)
by m2, by C.
ab«)gt ul)g(\)lt 91.5 165 175
about about 97.6 199 199

Note ; In No. 1, it is in the midst of dike-construction. Calculated values are determined

on the basis of increasing load.
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Fig. 2-19. Distribution of Coefficient of Consolidation in Clay Layers
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Uncofined
Compression
qul2

(kgfcm?)
0.035

0. 04
0,063

0. 095
0.175

Vane

(kgfem?)
0. 051

0. 080

0. 111
0, 220

Tri-axial

Compression gllC()Ilflflcid
1 ompression
z;(m —03) (1960) qul2
(kglcm?) (kglcm?)
0. 015 0. 04
0. 036 0. 06
0. 08
0. 0140
0,142

0.21
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Table 2-7. The Site of the Investigated Foundation Ground of Dike.

Region Locality
Mltsushlma* Aino, Nagasaki-pref.
Isahaya* Moriyama, Nagasaki-pref.
Daifuku Shiraishi, Saga-pref.
Kubota Kubota, Saga-pref.
Nishikawazoe Kawazoe, Saga-pref.
Minamikawazoe

Kawazoe, Saga-pref.

Commenced time Note
1910 (,ompletmn
(about)
1947 under Construction of dike
1938 Completion
1934 Completion
1945 under Construction

1942 under Lonstructmn

(* Refel ence 67\
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Th%c(lé?'ess Number of Calculated Presumed
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(m) (m) (m)
Mitsushima 12 3 1.74 1.8
Isahaya 13 3 1.28 1.2
Daifuku 14 3 2.18 2.0
Kubota 13 5 2.00 2.5
Nishikawazoe 12 4 1.13 1.2
Minamikawazoe 6 3 1.19 1.2
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Table 3-1, Properties of Soil Sample (1).
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Properties of Soil Samples (2).

Sample

N 36 -4
N36-6
N36-7
Sample

N36-4
N36-7
N36-6

Grain Size

T Specific Unit Void
Depth DIStEg/)L;LlOIl Gravity Weight Ratio
p 0.
(m) Clay Silt Sand (glem?)
4.5-5.3 413 16 11 2.62 1.32 4,05
6.3-7.0 52 41 7 2.61 1.36 3.63
7.3-8.1 52 39 9 2.63 1.37 3. 32
Water Atterberg Over- Burden Pre-Consoli.
Content L”‘(‘;) Pressure Pressure
(%) L '1)01' I (kglem?) (kglem?)
155 86 38 48 0.16 0.23
139 93 45 48 0.23 0. 28
126 44 0.26 0. 31
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Fig. 3-16. Relation between Effective Consol-
idation Pressure and Compression
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Relation between Effective Consolidation

Pressure and Coefficient of Pore Water
Pressure at Failure.
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Fig. 4-1. Mohr’s Stress Circles of CU-Test.
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Table 4 1. Condition of Consolidation.
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Table 5-1. Measurement of Unit-weight.

Test No. Void Ratio (t}m%)
1 0.99 1.33
2 0.68 1.58
3 0.65 2.01
4 0.72 1.94
5 0.71 1.98

Unit Weight

Note
Gently pouring dry sand
Vibrating pouring dry sand
Vibrating pouring in water
Compacting by rubber stopper in water
Gently compacting by hand
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Summary

The present study is designed to investigate the mechanical characteristies of alluvial clays in shore and
lake-reclamation areas, and to bring forth a theory for rational and economical stability analysis applicable on
the foundation-ground of reclamation dike.

Soil layers in the areas on which reclamation-lands have been constructed are divided, on the basis of
topographical consideration and investigated data, into estuary delta layer and sea-or lake-bottom clay layer.
The latter, containing many problems concerning mechanical stability of soil, is classified into three types ; still
water type, compound I type and compound 11 type. The following is made clear after the investigation carried
outl on soil explorations and field experiments in the Ariake Sea and the Shiranuhi Sea.

That is, (1) in fresh alluvial clay, void ratio or water content generally decreases exponentially with the
increase of depth or pressure, seeming to be in the state of equilibrium at water content near the liquid limit.
The pore water at the shallow part of marine clay layers of still water type is of high salt density. The clays
containing much amount of very fine particls below 2p in diameter are of high sensitivily, owing to the
froculation act at sedimentation and to the chemical bonding force derived from agglutinative action of salts.
They are in the state of equilibrium at watar content higher than the liquid limit, some of them having pre
consolidation pressure which is larger than over-burden pressure. It seems that they also are normally consoli-
dated clay, having endowed with structural strength. (2) Unconlined compression strength is generally small,
being proportional to over-burden pressure. It is proved, in thick clay layer, that in analysing stability
immediately after loading the analysis should be based on undrained shear strength. This is applicable not only
to the natural ground, but also to the ground consolidated by added load. (3) The settlement of constructed
dike roughly coincides with the value calculated, basing on one-dimentional consolidation theory.

Some experiments are performed for the purpose of confirming the relation between undrained strength
and void ratio (or water content), or that between undrained strength and soil structure (or stress history).
Results of the experiments using natural samples and some samples in which the water content are controlled
by triaxial consolidation and by airdrying show that some cxponential relation exists between water content
and unconfined compression strength, though rather scattered, and varies in accordance with the difference of
soll structure (or stress history). On the other hand, unconfined compression strength is proportional to
consolidation pressure, being unconcerned with soil structure or stress history. This relation is applicable also

to the state under the process of consolidation, by taking account of the cffective consolidation pressure at the
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respective time. The result is proved to be theoretically based on Mohr-Coulomb's criteria, and undrained

shear strength is expressed in the form of the function of effective consolidation pressure.

The conclusion of the present study is as follows: The undrained shear strength of the alluvial clays,
such as saturated clay forming the foundation ground of reclamation dike in the Ariake Sea, depends on the
effective consolidation pressure brought forth by loading. This character is tenable, regardless of the existence
of structural strength by agglulinative action. Therefore, the relation between the effective consolidation pre-
ssure and the undrained shear strength including the consolidation under way is to be given by the total stress
expression of the results of consolidated-undrained triaxial tests.

It is proposed that tangent of the angle of shearing resistance gc. should be used as the coefficient of shear
strength increase (ratio of the increment of shear strength to the increment of effective consolidation pressure),
because of some possible differences of the consolidation-condition inevitable between field and laboratory, and
in consideration of some other errors.

Some instances of application to actual reclamation dikes of the present theory and proposal, give proof to

the adequacy of the method.



