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  Soil cement construction method materializes soil on site. So the quality of soil cement is highly 
dependent on the characteristics of soil on site. Especially the target strength of soil cement is set based on 
granularity of soil on site. But actually the most effective is not the granularity but how much organic 
component is contained in the soil. Since organic component within the soil block the cement solidification, 
it is determined as an unsuitable material for soil cement construction method. However, sabo dam 
installation place is where much debris flow deposits exist, meaning there is high possibility of containing 
organic soil. In such cases, we cannot take the advantage of soil cement construction method of utilizing the 
soil on site. Conversely, this means that if we can utilize organic soil as the material for soil cement, we can 
drastically raise the utilization efficiency of soil on site. So we focused on slag produced along with steel 
making as the material to neutralize cement solidification inhibitory component within the organic soil. Slag 
has been used as the material for Portland blast furnace cement, construction aggregate and many other ways 
for its high hydraulicity from of old. This research is to study the slag modification effect by comparing 
strength development of test piece with steelmaking slag added organic soil to crusher-run added test piece, 
an conventional improvement method, on characteristic and suitability for applying slag to soil cement 
construction method. 
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1. INTRODUCTION 

 
  Sabo soil cement construction method can be 
classified into INSEM construction method and 
ISM construction method. Since INSEM 
construction method puts in less cement compared 
to ISM construction method, its target strength 
development is highly dependent on the particle 
size distribution of the soil on site. Especially soil 
with high fine grain soil content is regarded as a 
difficult material to develop strength. But there are 
times when the specified strength is developed even 
with high fine grain soil content, and times when no 
strength is developed even with low fine grain soil 
content, which soil is said to have the appropriate 
particle size distribution. This is due to the organic 
component within the soil. When there is plenty of 
organic component within the soil on site, hydration 
reaction won’t occur in concrete and won’t solidify. 
In such state, we cannot expect strength to grow in 
a long term and shall have durability problem. This 
is why organic soil is determined as an unsuitable 
material for sabo soil cement construction method. 

But there is much debris flow deposits at the sabo 
dam installation place, meaning that it has high 
possibility of containing organic soil, making it 
hard take the advantage of sabo soil cement 
construction method of utilizing the soil on site. If 
we can utilize this organic soil as the material for 
sabo soil cement, we can expect to drastically 
heighten the activity ratio of soil on site. 

So we focused on the steelmaking slag produced 
along with steel making as the material to neutralize 
cement solidification inhibitory component within 
the organic soil. Steelmaking slag has been used as 
the material for Portland blast furnace cement, 
construction aggregate and many other ways for its 
high hydraulicity from of old. 
  This research is to prove that organic component 
of soil on site gives much effect to the strength 
development of INSEM construction method than 
its granularity. And to study the granularity 
adjustment effect and organic component 
modification effect of steelmaking slag by 
comparing strength development of steelmaking 
slag added test piece to crusher-run added test 
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piece, an conventional improvement method, on 
characteristic and suitability for applying 
steelmaking slag to INSEM construction method as 
the countermeasure to the above mentioned 
problem. 

 
2. STRENGTH DEVELOPMENT  

INHIBITOR OF INSEM MATERIAL 
 

2.1 Current condition of soil on site application
as INSEM material 

  When applying INSEM construction method as 
material for sabo dam, it is ideal to use the whole 
amount of soil on site. But the potential quantity 
ends up being little for removing surface soil and 
boulders from the excavated soil. 
  For instance, boulders and such with large 
particle size cannot be compacted by rollers. So 
presently, large particle size substances those aren’t 
suitable for compaction is removed. However, if 
anything, boulders can be used as good quality 
aggregate by crushing them into compactable 
particle size. This means that there is a possibility 
of boulders to convert into material contributing to 
raise the quality and potential quantity of INSEM 
construction method if we can utilize crusher for 
sabo construction. As mentioned above, boulders 
are sifted on site but fine grain soil is used as is 
after removal of surface soil, so it highly affects the 
strength development of INSEM construction 
method. 

 
2.2 Property required to improvement material 

for INSEM material 
  In general, required quality for INSEM 
construction method is strength and weight. INSEM 
material develops strength by solidifying so it is 
unnecessary to do quality control by density like 
soil and sand. Quality control of INSEM material is 
mainly done by strength control, but when it cannot 
meet the target strength, adjustment is done by 
improving soil on site by the following two 
methods. 1, Accelerate solidification by additives. 
2, Heighten compressive strength by granularity 
adjustment. 
  1, is applied for high organic soil. Cement type 
solidification material and such are used instead of 
Portland blast furnace cement to reduce the amount 
of cement. Another way is to reduce the amount of 
soil on site by replacing it with crusher run and 
ensuring strength with granularity adjustment effect 
of crusher run. 
  2, is applied for cohesive type soil which has low 
compaction property and cannot do enough work 
like leveling and compaction necessary for the 

quality of INSEM material. For such soil, 
granularity control by crusher run and improvement 
by cement type improvement material to become a 
compactable granularity and moisture content is 
done. 

 
2.3 Strength development for INSEM material 

using fine grain soil 
  When INSEM material solidifies, compressive 
strength is affected by the content percentage of 
fine grain soil. This is because smaller the 
granularity of soil on site is lower the peak value of 
compressive strength becomes, just like the 
relationship between coarse aggregate and fine 
aggregate within concrete. So presently, content 
percentage of fine grain soil is the criterion for 
strength development. Referring to the Sabo soil 
cement design construction manual, content 
percentage of fine grain soil (0.075mm under) over 
10% is decided to be unsuitable as INSEM material 
as being unable to develop target strength level 3 
(3N/mm2). 
  In this case, compressive strength of 3N/mm2 is 
enough for application as inner material for sabo 
dam (INSEM material). Fig.1 is the example of 
INSEM material strength development using 3 
typical types of volcanic soil distributing within 
Kagoshima prefecture as the material. Volcanic soil 
is basically said to be an unsuitable material for 
INSEM construction method as shown in Table 1 
for its particle size distribution, optimum moisture 
content and maximum dry density. Looking at Fig. 
1, strength over 6N/mm2 can be seen for the 7 days 
strength, σ7, and is growing to 1.3 to 1.6 times that 
for the 28 days strength, σ28. This is due to 
solidification of INSEM material by hydration 
reaction. It is known that strength grows by 
acceleration of pozzolanic reaction after cement 
reacting with water and solidifying. Meaning that 
INSEM material solidifies even with fine grain soil 
if the cement content and moisture ratio is 
controlled and can develop enough strength to be 
used as structural material for dam. 

 
Table 1 Specifications of INSEM material (Volcanic soil) 

Sample 
name 

Collection 
 site 

Particle size (%) Maximum
dry 

density 
(kN/m3) 

Optimum 
moisture 
content 

(%) 

Unit 
cement 
content 
(kg/m3) 

Test 
moisture 
content 

(%) 0.075mm 2mm 

Ohsumi 
volcanic 

soil 
Tarumizu, 

Honjo 23.7 63.8 11.0 29.6 200 36.0 

Nansatsu
volcanic 

soil 

Minami- 
Kyushu, 

Kawanabe, 
Takata 

28.9 96.4 12.3 25.4 200 28.8 

Hokusatsu
volcanic 

soil 

Satsumase
ndai, Togo, 
Karasuma 

34.0 91.3 12.4 27.3 200 26.5 
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Fig.1 Strength development of INSEM material(Volcanic soil) 

2.4 Strength development inhibitor of INSEM 
material 

  As mentioned above, fine grain soil is a material 
that can be sufficiently used if enough hydration 
reaction occurs. On the other hand, there are cases 
when not enough strength is developed even by 
using the material said to be having suitable particle 
size. 
  Fig. 2 shows 2 types of soil with different 
particle size distribution within south region of 
Hiroshima prefecture. When categorizing them by 
content percentage of fine grain soil, Sample 1 is a 
soil suitable for INSEM construction method and 
Sample 2 is an unsuitable one. But the result was 
the opposite. Sample 1 has high moisture content 
and the compressive strength was below 3N/mm2 
with no peak value even after adding 250kg/m3 of 
cement (Fig. 3). This is due to no hydration reaction 
occurring at INSEM material leading to no 
solidification. On the other hand, Sample 2 
developed peak value over 8N/mm2 just by adding 
125kg/m3 of cement (Fig.4), due to solidification by 
hydration reaction. This shall be suggesting that 
whether hydration reaction occurs or not at INSEM 
material doesn’t depend on the particle size 
distribution of soil and that the target strength 
cannot be decided only by particle size distribution. 
Table 2 shows the content percentage of organic 
component for Sample 1 and 2. Sample 1 contains 
18.0% of humic acid which is an organic 
component, but Sample 2 doesn’t. This reversal 
phenomenon of particle size distribution and 
strength development is due to organic component 
within the soil and can be understood that whether 
INSEM material solidifies or not highly depends on 
the existence of organic component.
  Although particle size is presently the criterion 
when deciding the application of soil, it cannot be 
the determinant to refuse the application regarding 
the particle size while cases of INSEM construction 

method is continuing to increase. But soil 
containing organic component, which inhibits 
hydration reaction of INSEM material, is still an 
unusable material. 

 
Fig.2 Particle size distribution (Sample 1, Sample 2) 

 

 
Fig.3 Moisture content – compressive strength (Sample 1) 

 

 
Fig.4 Moisture content – compressive strength (Sample 2) 

 
Table 2 Content of Organic component (Sample 1, Sample 2) 

 Humic Acid (g/kg) Fulvic Acid (g/kg) 
Sample1 18.0 5.0 
Sample2 0.1 1.1 1 1.6 

 
3. PHYSICAL FEATURES AND 

EMICAL CHARACTERISTICS OF 
IMPROVEMENT MATERAL 

 
3.1 Slag types and features 
  It is proven by research on INSEM that hydration 
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reaction is considerably inhabited by the minus ion 
within organic type soil taking away the calcium 
ion within cement. And that cement solidification 
can be drastically improved by mixing gypsum, 
lime salt, etc and saturating minus ion. From this, 
we can assume that hydration reaction occurs and 
cement solidifies even by organic soil when there is 
enough calcium ion to neutralize it. So we focused 
on steelmaking slag likely to elute calcium ion. 
Steelmaking slag containing much lime (CaO) is 
thought to have the same effect as gypsum or lime 
salt. Moreover, silica (SiO2) and alumina 
component (Al2O3) plentifully included in 
steelmaking slag promotes pozzolanic reaction, 
which contributes to strength development, and can 
expect acid resistivity and freezing property to 
improve. Namely, we can expect steelmaking slag 
to be the improving material for organic soil for two 
effects, including improvement on solidification 
and raising strength by hydraulic property.  
  Steelmaking slag, a remnant from iron ore during 
the steel making process, can be classified into two 
types from its generating process: blast furnace slag 
(water granulated slag, cold removal slag) and 
steelmaking slag (steel converter type slag, electric 
furnace type slag). Blast furnace slag is a 
by-product when melting limestone to make pig 
iron and steelmaking slag is a by-product when 
making steel from pig iron. Moreover, since 
steelmaking slag is produced at a high temperature 
of 1500 , it satisfies the environmental standard 
for soil, without any organic matter or 
environmental hormone, toxic substance like dioxin 
contained. Of these, blast furnace slag, the fine 
powder, is also used as material for blast furnace 
cement and has high durability for it can develop 
strength for a long term. 

 
3.2 Granularity adjustment effect 

It is common to do granularity adjustment by 
crusher run when there is much fine grain fraction. 
When replacing fine grain soil with crusher run, the 
more you put in, the stronger it becomes. This is 
because soil is reduced for the amount replaced by 
gravel fraction due to granularity adjustment effect, 
leading to much gravel tangling and strengthening 
accordingly. Fig. 5 is the conceptual diagram when 
replacing organic soil to crusher run. When fine 
grain soil is organic soil, surroundings of the 
replaced crusher run won’t solidify so replacement 
of an amount enough to let the aggregates touch is 
necessary. In other words, when developing 
strength by using soil which doesn’t solidify due to 
organic component as INSEM material using 
crusher run for replacement, potential quantity 

enough to keep each crusher run in touch for stress 
transmission is necessary and threshold shall exist. 
  Steelmaking slag, also including water 
granulated slag, can create sizes from fine powder 
up to boulders and can expect the same granularity 
adjustment effect as crusher run. Though the 
component varies a little by the generating process, 
steelmaking slag has larger particle diameter than 
blast furnace slag with much iron contained, 
leading to higher abrasion quality. So we decided to 
use steelmaking slag as the improvement material 
of INSEM material for we can expect not only this 
durability but also granularity adjustment effect. 

 
Fig.5 Conceptual diagram of replacement by crusher run 
 

3.3 Modification effect of organic component 
  Reason why organic soil is unsuitable for INSEM 
construction method is because minus ion within 
organic soil takes away calcium ion within cement, 
inhibiting the hydration reaction. Slag consists of 
iron removed iron ore and limestone added during 
generation at the ratio of 45.8% of CaO, 17.4% of 
T-Fe, 11.0% of SiO2 and 25.8% of other 
substances. 
  Fig. 6 is the conceptual diagram of calcium ion 
liquating out from steelmaking slag and modifying 
organic soil. When steelmaking slag is mixed with 
organic soil, calcium component within 
steelmaking slag liquates out to saturate minus ion 
to modify the soil itself, leading to much strength. 
Due to this, the organic soil itself solidifies even 
when each piece of steelmaking slag doesn’t keep 
in touch, allowing lower replacement rate compared 
to crusher run. From replacement by steelmaking 
slag, we may expect not only strength development 
by granularity adjustment effect but also strength 
elongation in a long term as a result of solidification 
area expanding as the time passes. Moreover, silica 
and alumina component contained in slag 
contributes to the pozzolanic reaction and may lead 
to improvement of acid resistivity and freezing 
property, and work in our favor regarding the 

Crusher runSoil
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durability.  

 
Fig.6 Conceptual diagram of replacement by steelmaking slag 
 
4. TEST CONTENT AND 

SPECIFICATION OF TEST PIECE 
 

4.1 Mixture test case 
  Table 3 is the specification of mixture test case. 
To study the granularity adjustment effect and 
organic component modification effect of 
steelmaking slag, we made 2 types of test piece 
with different mixture ratio (40%, 70%) using 
steelmaking slag and crusher run with similar 
particle size distribution. We also sought the peak 
value of 7 days strength, σ7, and 28 days strength, 
σ28, by adding 3 different types of cement to 
organic soil and improved soil with 3 different 
types of moisture content regarding each cement 
input to seek the solidification efficiency of 
improved soil. 

 
Table 3 Specification of test case 

Organic soil Crusher run or 
Steel Slag 

Unit cement 
amount  

Test Moisture 
Content 

Organic 
soil, 100% - 

150kg/m3 
23.5% 
26.5% 
29.5% 

200kg/m3 
23.5% 
26.5% 
29.5% 

250kg/m3
24.5% 
30.5%
27.5% 

Organic 
soil, 30% 

Steel Slag, 
70% 

150kg/m3 
6.75% 
8.75% 

10.75% 

200kg/m3 
7.50% 
9.50% 

11.50% 

250kg/m3 
10.25% 
12.25% 
14.25% 

Organic 
soil, 60% 

Steel Slag, 
40% 150/m3

11.00% 
14.00%
17.00% 

Organic 
soil, 60% 

Steel Slag, 
40% 

200/m3 
11.50% 
14.50% 
17.50% 

250kg/m3 
12.25% 
15.25% 
18.25% 

Organic 
soil, 30% 

Crusher run, 
70% 

150kg/m3 
8.50% 

10.50% 
12.50% 

200kg/m3 
10.50% 
12.50% 
14.50% 

250kg/m3 
9.25% 

11.25% 
13.25% 

Organic 
soil, 60% 

Crusher run, 
40% 

150kg/m3 
13.00% 
16.00% 
19.00% 

200kg/m3 
13.50% 
16.50% 
19.50% 

250kg/m3 
14.25% 
17.25% 
20.25% 

 
4.2 Particle size distribution characteristics of 

improved material 
  Fig.7 shows the particle size distribution 
characteristics of the following test pieces: organic 
soil, crusher run and steelmaking slag. Thin dot line 
in the Fig shows the particle size applicability for 
target strength level 3. We can see that organic soil 
is out of this applicability with high fine rain soil 
component and strength to be unexpectable looking 
from the particle size point of view. On the other 
hand, crusher run and steelmaking slag seems to be 
a fine material looking from the particle size point 
of view and may expect them to be a granularity 
adjustment material for organic soil. 

Fig.7 Particle size distribution characteristics (Organic 
soil, steelmaking slag, crusher run) 
 

5. TEST RESULT AND ONSIDERATION 
 
5.1 Modification effect of organic soil 
  Fig.8 shows the content of humic acid and fulvic 
acid as chemical components of organic soil used as 
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the test piece and the content after improvement by 
adding 40% and 70% of steelmaking slag thereto. 
Improvement on improved soil can be seen with 
content decreasing to 1/16 for humic acid and 1/2.5 
for fulvic acid for the 40% improved soil and 1/180 
for humic acid and 1/5 for fulvic acid for the 70% 
improved soil. However, when comparing 70% 
improved soil to 40% improved soil, the former one 
has higher modification effect, but without 
proportionality with the mixture ratio of 
steelmaking slag. This may be due to deviation on 
improvement portion and time influence by means 
of size variation of the soil itself. 

 
Fig.8 Corrosion content of organic soil 

 
5.2 Strength characteristics 
 
5.2.1 Strength characteristics of organic soil 
  Fig.9 shows the relation between moisture 
content and compressive strength when adding 
cement amount of 150kg, 200kg and 250kg to 
organic soil. No matter the cement additive amount, 
no peak value could be seen for the organic soil. 
This shall be suggesting that hydration reaction 
necessary for solidification isn’t occurring at 
organic soil even by mixing cement, meaning that it 
is a difficult material to be used as INSEM material. 
 

 
Fig.9 Moisture content – compressive strength (Organic soil) 

 

5.2.2 Strength characteristics by crusher run 
improvement 

  Fig.10 shows the compressive strength when 
adding cement amount of 150kg, 200kg and 250kg 
to crusher run mixed soil. Unlike the one only with 
organic soil, peak value of compressive strength can 
be seen. In consideration of organic soil not making 
hydration reaction occur, we may assume that 
crusher run replaced from organic soil is making the 
peak value by connecting together due to cement. 
But no peak value could be seen for the cement 
additive amount of 150kg for 40% improved soil. 
This may be because the grade of solidification 
between each crusher run is small. That is to say it is 
necessary to either raise the replacement ratio so 
each crusher run can keep in touch or raise the 
cement amount to strengthen the connection 
between each crusher run to develop strength for 
organic soil just by the granularity adjustment effect 
of crusher run. 
 

 
Fig.10 Moisture content – compressive strength (Crusher run) 
 

5.2.3 Strength characteristics by steelmaking 
slag improvement 

  Fig.11 shows the compressive strength when 
adding cement amount of 150kg, 200kg and 250kg 
to steelmaking slag mixed soil. Strength 
development itself is high compared to crusher run. 
Since strength seems to heighten even at 40% 
improved soil (cement amount of 150kg), which no 
peak value was seen for crusher run, we can assume 
that hydration reaction is occurring. This shall be 
suggesting that improvement by steelmaking slag 
not only connects each piece of slag but also 
develops strength within the remaining organic soil 
itself. Confirmation of hydration reaction can 
expect long-term strength elongation since INSEM 
material is solidifying. 
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Fig.11 Moisture content – compressive strength 
(Steelmaking slag) 

 
5.3 Solidification efficiency 
  Fig.12 shows the solidification efficiency of 
organic soil, crusher run improved soil and 
steelmaking slag improved soil. We cannot expect 
strength development for organic soil even by 
adding cement, but for crusher run and steelmaking 
slag, strength develops proportionately to its mixing 
amount, meaning both material can be improvement 
material. However, improvement effect of slag is 
1.3 to 1.5 times that of crusher run. Since 
steelmaking slag and crusher run’s granularity 
adjustment effect is thought to be almost equal, this 
difference in strength development shall possibly be 
due to the difference in strength development of the 
remaining organic soil, namely the modification 
effect. So steelmaking slag can be said to have 
higher effect as the improvement material regarding 
organic soil. 
 

 
Fig.12 Unit cement amount – compressive strength (σ28) 

 
6. CONCLUSION 
 
  We studied the improvement effect through 
compressive strength using steelmaking slag and 
crusher run as the organic soil improvement 
material and concluded as follows: 
1) When mixing 40% of steelmaking slag to 

organic soil, humic acid content decreased to 

1/16 of that and fulvic acid content to 1/2.5 of 
that. And when mixing 70% of the same, humic 
acid content decreased to 1/180 and fulvic acid 
content to 1/5. 

2) No peak value could be seen when mixing 
cement to organic soil. 

3) When mixing crusher run to organic soil, peak 
value for compressive strength could be seen as 
the cement amount increased from 150kg, 
200kg to 250kg, provided that no peak value 
could be seen for 40% crusher run mixed soil 
with cement amount of 150kg.  

4) When mixing steelmaking slag to organic soil, 
the peak value for compressive strength after 28 
days is 1.3 to 1.5 times that of crusher run. This 
strength difference is due to strength 
development by organic soil modification 
effect. 

  Regarding the organic soil improvement effect 
by steelmaking slag, we can expect solidification of 
organic soil itself by modification on organic 
component and granularity adjustment effect by 
fine grain fraction ratio decreasing with 
replacement to organic soil. This suggests that 
grouping of unsuitable soil regarding soil on site 
may almost completely be eliminated and that there 
is a possibility of the whole surplus soil produced 
during construction to be used as INSEM material. 
  At present, when slag is utilized domestically, 
only the transportation cost is considered.  In near 
future, slag’s proper quantity may be determined by 
further examinations, such as slag addition and 
effect of organic soils. Then, other costs (like 
material costs) become clear and can be considered, 
and utilizations of slag will be enhanced. 
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