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Development of the Recycling Process Technology for Tsunami Deposit Soils
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Abstract

By the East Japan great earthquake, many disaster waste and tsunami sediment were caused by
a tsunami. We applied the Calcia improvement technology that pushed forward development
conventionally, and we developed a reproduction processing technology of the tsunami sediment
which debris mixed abundantly in cooperation with Nippon Steel & Sumikin Engineering Co., Ltd.
This technique is employed full-time in Kamaishi-shi (approximately 200000t) and contributes
the reduction of disposal expense for tsunami sediment, the reduction of earthwork material cost
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by the utilization of reforming soil in reconstruction, the lack of nature material.
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Example of segregation/improvement
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Original soils (A,B,C) used for an examinations
Item Unit A B C
Wet density g/em? 1.708 1.817 1.615
Water content % 40 31 34
Density of soil particles | g/cm? 2.654 2.662 2.701
Fine fraction content v 54 28 5
(less than 75 um)
Sand fraction content
% 46 69 45
(75 um-2 mm)
Gravel fraction content o 0 3 3
(more than 2mm)
Liquid limit % 56.5 45.0 473
Plastic limit % 26.5 25.4 22.8
Collection place of original soil | Farm Temporary Segre.gated
place soil *

* Segregated soil : Under size 40 mm by a trammel (sieving machine)
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Particle size distribution curve of original soil

F2 PV THREMOIER N
Kind and characteristic of steelmaking slag

Segregation/improvement CCS-5
Product
Improvement CCS-20 CCS-30 CCS-40
Chemical CaO content More than 30% (mass%)
ingredient . .
. CaO/Sio, More than 1.5 (mass ratio)
properties

. X Standard value or less
Environmental| 8 heavy metal elution . L
of soil contamination

safe quality * /content amount

countermeasures act
* Apply JIS A 5015 “Steelmaking slag for road” 2013
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Case of performance verification test

Original soil No.

B C

Segregation performance

1) Improved soil
2) Original soil

1) under size 10 mm

2) under size 20 mm

Cone (mixing ratio : 0%-30%)
Improvement

1) CCS-5 mix
2) CCS-30 mix

1) Water content 31%
2) Water content 36% —
3) Water content 40%

f
performance CBR (mixing ratio : 0%-30%)

1) CCS-5 mix
2) CCS-30 mix

Triaxial compression

CCS-30 30% mix

CCS-5 20% mix —

Test banking

1) Improved soil

2) Original soil
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Segregation result (original soil A)

A (farm)
Water content : 40%
Fine fraction content : 54%
Sand fraction content : 46%
Gravel fraction content : 0%

Case Under size (<20 mm) Upper size (20 mm<)
CaO-improved soil Segregated debris
CCS-5
30%
mix
Segregated soil Segregated debris
(lumps of mud) (+1lumps of mud)
Only original
soil
Cement-mixed improved Segregated debris
Reference soil (+ lumps of mud)
Blast furnace .
slag cement
5%
mix
4,000 Original soil
3 500 water content
— 3,000 -
£
Z 2,500
F
$ 2,000
‘o
S 1,500 .
o . /
1,000 T )
800KN,/m2 %ﬁé CCS-30
500 7=

— Original soil A
0 - Original soil water content 40%

0 10 20 30
Mixing ratio (%)

M8 - EHENEMEESERDOER
Relationship between cone index and mixing ratio
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Segregation result (original soil C)

C (segregated soil)
Water content : 34%
Fine fraction content : 52%
Sand fraction content : 45%

Gravel fraction content : 3%

Under 20mm Upper 20mm
Sieve mesh Improved soil Segregated deribs
20mm
CCS-5
20% mix
Mass % * 93% + 40% = 133% 7%
Under 10mm Upper 10mm
Sieve mesh Improved soil Segregated deribs
10mm a oy
CCS-5
20% mix
80% + 40% = 120% 20%
Mass % * 140% = (Original soil) 100%
+ (steelmaking slag) 40%

* Mass % : Mass of original soil = 100%

4,000

Original soil
water content
3,500 31%
— 3,000 36% PP
E 40% \ riginal soi
2 2,500 CCS-5
T 2,000 ‘\
Q n
§ 1,500 R
S ccss \ \
1,000 CCs30 \ o
500 Original soil A \\-.
0 Original 50|I water content 40% R
0 10 20 40
Water content (%)
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Relationship between cone index and water content
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Relationship between CBR and mixing ratio
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Result of triaxial compression

Unit |Original soil A|Original soil B

Angle of internal function ¢ 34.8 39.6
Cohesion cd kN/m? 25.0 62.2
Mixing ratio % 30 20
Degree of compaction % 95

Improved soil G . ' Origjnal soil C

; X Simulation of
: BN rain by a groove
11 BHERETOESKR 2
Result of test banking 2
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Changes of cone index by dry & wet
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Full view high-speed rotary CaO-improvement method
(Iwate Prefecture Kamaishi City)

K7 SEBEERDILY THREITEDEREG
Application examples of high-speed rotary CaO-improvement method

Client Place Quantity * Work period
Demonstration fest Voluntary Miyagi Prefecture Sendai City 200 ton 2011.9 - 2011.11
Iwate Prefecture Kamaishi City 100 ton 2011.11
Employment Kamaishi City Iwate Prefecture Kamaishi City 200 thousand ton 2013.3-2014.1

* Quantity © Original soil
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Application of CaO-improved soil (within plan)

Work period Place Cliant Use Quantity
D tration test 2011.9 Miyagi Prefecture Volunta Test banking 50m’x2
emonstration tes olun
2011.11 Sendai City v Test road bed 3m’x2
Iwate Prefect
Application 201111 wate Frefecture Kamaishi City Bank 40m’
test Kamaishi City
es
2012.1 Sendai Shiogama Port Nation * Road bed behind a quaywall 80m?
Under Iwate Prefecture L .
Plan . . L Kamaishi City Banking etc. 200 thousand ton
consideration Kamaishi City

* Ministary of Land, Infrastructure and Transport

Transport & Unloading Spreading

Completion

Compacting
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Example of construction (Sendai Shiogama Port)
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