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Falls into a boiler in an incandescent 
state before being crushed in a grinder 
and then particle size adjusted. 
Chemically stable due to rapid cooling 
from incandescent state. 

Mainly comprising silica-alumina, it 
causes a pozzolanic reaction with 
calcium hydroxide produced in 
hydration reactions in cement and forms 
a dense structure over time. 

Mainly coarse sand or fine gravel 
particles with the same particle 
distribution as high compaction 
performance sand. 
High hydraulic conductivity like 
sand with drainage properties and 
high rate of water retention due to 
porous surface. 
Lightweight with high shear 
strength 
Density: Around 2.3(
pH: Around 9(

Consisting of fine, spherical 
particles, fly ash is often mixed 
with concrete or mortar. 
Over 90% of particle diameter less 
than 0.1mm in size, however basic 
properties are similar to sand and 
has high compaction performance. 
Density: Around 1.3 (
pH: Around 11 (Large variation) 

Composition Ratio (Approx)
SiO2 65%  
Al2O3 15% 
Fe2O3 10% 
CaO 5% 
Other 5% 

 Composition Ratio (Approx)
SiO2 60% 
Al2O3 20% 
Fe2O3 5% 
CaO 10% 
Other 5% 

































 Clinker Ash 
(Dense) 

Clinker Ash 
(Loose) Masado Coarse 

Available Water 
Content (%) 9.4 5.8 4.0 2.0 3.0 







Chemical 
Composition

Domestic 
Coal18)

Foreign 
Coal18)

Mountain 
Soil18)

Clay 
(Japan)18)

Blast 
Furnace 
Slag18)

Granulated 
Slag19)

Si2 50-55 40-75 59.6 60-75 33.4 30-36 
Al2O3 25-30 15-35 22.0 - 14.5 12-15 
Fe2O3 4-7 2-20 - 5-8 0.4 - 
CaO 4-7 1-10 0.4 10-25 41.0 40-43 
K2O 0-1 1-4 - - - - 
MgO 1-2 1-3 0.8 - 6.0 5-8 
Na2O 1-2 1-2 - - - - 
SO3 - - - - - - 
FeO - - - - - 0-1 

S - - - - - 0-1 



Chemical 

Composition

Takahashi/Tezuka15) Tori/Kawamura14) Kito/Yoneda20) 

Okinawa Kyushu Shikoku Chugoku Chubu Tohoku Hokuriku

SiO2 55-66 53.1 68.3 61.2 57.9 62.7 55.9 62.0 54.2 
Al2O3 16-26 22.9 25.3 21.6 24.5 23.6 25.7 23.6 26.5 
Fe2O3 2.4-7.6 6.8 2.2 8.3 10.1 7.0 10.2 6.2 9.9 
CaO 0.6-4.6 3.9 0.7 5.6 2.6 3.5 3.8 4.7 4.6 
K2O - 1.1 0.3 0.8 0.7 1.0 1.5 0.8 2.1 
MgO 0.5-1.5 1.6 0.6 1.3 0.6 1.2 1.5 1.1 0.9 
Na2O - 2.1 0.8 0.0 0.0 0.0 0.0 0.0 0.0 
SO3 - 0.1 0.0 0.0 1.6 0.0 0.0 0.0 0.0 

Type Environmental 
Quality 

Standards for 
Soil 

Only Clinker 
Ash 

Only Unsuitable 
Soil 

Mixture (5:5) 

Cadmium <0.01 <0.0005 <0.0005 <0.0005 
Lead <0.01 <0.001 0.003 <0.01 

Hexavalent 
Chromium 

<0.05 <0.005 <0.005 <0.005 

Arsenic <0.01 <0.001 0.002 <0.001 
Total Mercury <0.0005 <0.0005 <0.0005 <0.0005 

Selenium <0.01 <0.001 <0.002 <0.001 
Flourine <0.8 0.2 - <0.1 
Boron <1 0.04 - 0.03 









































Name Rammer 
Weight 

Drop 
Height 

Mold 
Diameter 

Mold 
Volume 

Layers Tamping 
per Layer 

Specimen 
Preparation 

A-b 2.5kg 30cm 10cm 100cm3 3 25 
Drained 

Cyclic and 
Dry Method 
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Sample Dc (%) c` (kPa) Sample Dc (%) c` (kPa) 

CA 
80  

10 

CD 
80  

10 

85 86 
88 89 

CB 
81 

CE 
78 

85 84 
90 86 

CC 
74 

CF 
80 

86 83 
83 89 











 CA CB CC CD CE CF 
CT (cm2) 0.49 0.56 0.65 0.29 1.20 0.71 









Ube 
Masado 

84 Ube 
Masado 85 Ube 

Masado 
84 

98 97 
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v
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d

 Dc=85, 50 kPa
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CF y=-x+0.0324
N=0.5412
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N=0.5654

CC y=-x+0.0929
N=0.6075

CB y=-x+0.0337
N=0.5

(D
f
)

min

 CA
 CB
 CC
 CD
 CE
 CF

CA y=-x+0.0767
N=0.5497
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Sample Black Yellow Red White 
CD 0.18 0.89 0.87 0.32 
CE 2.86 1.15 0.53 0.56 
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Sample Dc (%) 

CC  

90 CD 

CE 



Gauge Type Model Max 
Axial Load Strain Gauge TCLZ-100KA 0.98kN 
Pressure Strain Gauge PW-10 1MPa 
Pore Water Pressure Strain Gauge PW-10 1MPa 
Axial Displacement Strain Gauge CDP-50 50mm 
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A : Actuator
B : Load cell
C : Joint
D : displacement gauge
E : Triaxial cell
F : Specimen
G : Bender element (Receive)
H : Bender element (Input)

K : Pressure transducer (Cell pressure)
J : Pressure transducer (Back pressrure)
I : Differential pressure transducer (Volume change)

L : Function synthesizer
M : Power voltage amplifying device
N : Digital oscilloscope
1 : Received wave
2 : Input wave (Self monitorinf wave)

a : Input wave 
(Self monitorinf wave)
b : Input wave
c : Received wave

1b c
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Sample Dc (%) d 2c` Number of Cycles N

CC 

85 0.19 54 
85 0.28 14 
85 0.32 7 
85 0.36 5.2 
97 0.30 190 
97 0.37 44 
97 0.44 28 
97 0.51 7 

CD 

85 0.13 36 
85 0.16 19 
85 0.20 13 
85 0.23 5 
85 0.30 4 
99 0.30 209 
99 0.37 66 
99 0.45 55 
99 0.56 16 

CE 

85 0.17 22 
85 0.21 13.5 
85 0.23 12 
85 0.25 8 
85 0.30 7.5 
97 0.30 154 
97 0.38 58 
97 0.45 19 
97 0.54 17 

Ube Masado 

85 0.13 388 
85 0.15 44 
85 0.16 29 
85 0.18 12 
97 0.24 148 
97 0.26 39 
97 0.27 36 
97 0.30 19 





d/2 c

at degrees of compaction Dc=85 and 

100%. For comparison, Ube Masado is also shown. 





















Appendices 

A. Table of physical properties 

Table A.1 gives a list of the physical properties of the clinker ash samples used in this research. 

Table A.1 List of physical properties 

s 

(g/cm3)

dmax 

(g/cm3)

wopt 

(%) 

dmax 

(g/cm3)

dmin 

(g/cm3)
emax emin

CA 2.072 1.019 37.71 1.063 0.754 1.748 0.949
CB 2.151 0.948 40.22 1.070 0.813 1.646 1.010
CC 2.173 1.102 34.09 1.154 0.830 1.618 0.883
CD 2.132 1.014 38.46 1.130 0.857 1.488 0.887
CE 2.151 1.140 29.6 1.228 0.888 1.422 0.752
CF 2.110 1.085 34.74 1.193 0.870 1.425 0.769

Uc d50

Gc

(%) 

Sc

(%) 

Fc

(%) 
Rc Ar

After 

Compaction 

BM(%) 

After Max 

Density 

BM(%) 

CA 20.3 0.57 25.8 60.1 14.1 2.73 1.55 6.8 8.6 
CB 12.5 0.21 23 54.1 22.9 2.55 1.46 9.8 9.4 
CC 13.8 1.3 31.6 63.0 5.5 3.04 1.42 12.7 10.1 
CD - 0.22 19.7 53.5 26.8 3.39 1.60 3.9 5.2 
CE 26.7 0.71 24.2 61.7 14.2 2.63 1.45 6.1 4.4 
CF 21 1.75 41.6 50.9 7.5 2.55 1.44 9.3 12.2 



B. Stress-strain relationships from triaxial compression tests 

     (a) CA     (b) CB 

                             (c) CC                                                     (d) CD 

                             (e) CE                                                       (f) CF 

Figure B.1 Stress-strain relationships with c`=50kPa 
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                              (a) CA                                                    (b) CB 

                              (c) CC                                                     (d) CD 

                             (e) CE                                                       (f) CF 

Figure B.2 Stress-strain relationships with c`=100kPa 
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                               (a) CA                                                        (b) CB 

                               (c) CC                                                          (d) CD 

                               (e)  CE                                                        (f) CF 

Figure B.3 Stress-strain relationships with c`=200kPa 
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C. Mohr`s stress circles from triaxial compression tests 

                                   (a) CA                                                                  (b) CB 

                                    (c) CD                                                                   (d) CE 

(e) CF 

Figure C.1 Mohr`s circles with Dc=85% 



                                     (a) CA                                                                 (b) CB 

                                    (c) CD                                                                   (d) CE 

(e) CF 

Figure C.2 Mohr`s circles with Dc=90% 



                                        (a) CA                                                                  (b) CB 

                                    (c) CC                                                                    (d) CD

                                    (e) CE                                                                   (f) CF 

Figure C.3 Mohr`s circles with Dc=100% 
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D. Test results from cyclic triaxial liquefaction tests 

Figure D.1 d/2 c`=0.19 Dc=85% 

Figure D.2 d/2 c`=0.37 Dc=97% 



Figure D. d/2 c`=0.44 Dc=97% 

Figure D.4 d/2 c`=0.51 Dc=97% 



Figure D.5 d/2 c`=0.23 Dc=85% 

Figure D.6 d/2 c`=0.16 Dc=85% 



Figure D. d/2 c`=0.13 Dc=85% 

Figure D.8 d/2 c`=0.30 Dc=85% 



Figure D. d/2 c`=0.28 Dc=90% 

Figure D. d/2 c`=0.45 Dc=99% 



Figure D. d/2 c`=0.56 Dc=99% 

Figure D. d/2 c`=0.37 Dc=99% 



Figure D. d/2 c`=0.30 Dc=99% 

Figure D. d/2 c`=0.23 Dc=85% 



Figure D. d/2 c`=0.25 Dc=85% 

Figure D. d/2 c`=0.21 Dc=85% 



Figure D. d/2 c`=0.45 Dc=97% 

Figure D. d/2 c`=0.38 Dc=97% 



Figure D. d/2 c`=0.54 Dc=97% 


