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A study on the use of soft soils as a fill material

II. Object and importance of the study
In order to expand agriculturai lands in the western and southern
coasts of the Korean Peninsula, coarse soils excavated from hillsides

have been used as fill materials for reclamation. Suitable borrow pits

environmental problems when soils are excavated at the borrow pits and

transpor’ted to the site. Furthermore, transportation costs become higher
as the site is located far away from the borrow pi
pits should be recovered to natural environment. Therefore, an alternative
can be considered to use soft materials abundant in the coast available
near the site which are usually fine and wet soils. if this were possible,
ell as environment problems would be
remarkably reduced.

When using fine and wet materials as fill, however, many engineering
contents, low strength, and high compressibility. In order to use them,
we need research that can improve the inherent propertieé of those

L eSS0t > H i

materials. The problems should be attacked in terms of both design



construction phases.

In order to tackle with the problems, the first thing to do is to
'investigate the engineering characteristics and distribution of available
soft soils. Researches on soil improvement involve consolidation drain
using filter mat, Evaporative drying for the soft ground surface, and
mixing cement to the fine wet soils. A lab model test is necessary to
ison of those techniques. A field test is

also required to show applicability and to find problems that may exist

in the design and construction stages.

M. Contents and Scope of the study

!—A
'y

irst year

C

Analysis of engineering characteristics and distribution o
soil in the west and south coasts of the Korean Peninsula.

o Soil tests for availability as fill materials.

o
e

o Lab test for improving soil
o Numerical analysis for the fill to be improved by consolidation
drain.
2. Second year
o Numerical analysis and lab model test for features of
Evaporative drying

o Discharge capacity test for filter mat

o Compaction, consolidation, and strength test for Evaporative



3. Third year

ment of soil-cement mixture a ratus for high wa

pment 01 Soll—cement mixtur "-x-' ratus 1or nign valtl

o Develop
content soils
o Set-up of in-situ test site for soil-cement mixture treatment

and measurements of strength changes

0]
-]
Nt

3
3
ot
h
[N
3
.'.
,..
S,
)
)
2
ot
-

esig 1 LC\Auuunb for
consolidation-drained embankment.

0 Development of improvement technique for cement—treated materials.

Leewon and Shihwa sites.
O Proposal of a model for soil-cement mixture design in Gukuong

and Shihwa sites.

o]
)
b
3
j
3
)
]
)
T
.
)
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IV. Results of the study

1. Engineering properties of surface soil of soft grounds
and its improvement technique
0 Physical properties of soils on the ground surface in reclamation
areas

It is known that the socils on the ground surface of the soft



o

O

La DPanincitla - et
tUC ICliiisula it

ground in the west o
silty soils with 30 to 40% of natural water contents. On the

other hand, soils in the southern coast that have 40 to 80% of

Therefore, soils in the southern coast are considered to be more
difficult in treating them as fill materials.

According to stability analysis, strength required for
embankment construction becomes higher as the foundation
grounds are weak and the embankment height increases. When

=1

undrained strength of soil of foundation groun d is expresse d

undation ground is expressed as
cu=0.1+0.02d kg/cwt, where d is soil depth, the required strength

for the fill is cuw=0.2kg/cn’ for 2m-high embankment and it

Compaction and strength characteristics

" Standard compaction test shows that the optimum moisture

1 -

oS . R — iy P
37 and the dry

pomat
(.C()
o\
—
@}
ND

ranges from
kg/cr and 1.64kg/cw. Shear strength tests also show that friction
angles of compacted soils in terms of effective stress and total
re; 9 '=30-39" ¢ '=14-29" . It can be concluded that

those materials with relatively high friction angles could be

used as fill materials.

Improvement techniques for soft fine materials include

_..]4 —_



consolidation drain, mixing with coarse materials, treatment with
cement and quicklime, and air drying of surface soils. For the

practical application of those techniques, it is necessary to do

1, 31n Fareno -
research works in terms o

eterin cvined o et ket o
f design and construction phases.

2. Consolidation drain method

Soils used as fill materials are disturbed because they are

excavated from natural ground. As consolidation behavior for

analysis should be performed based on the disturbed.condition.
Discharge capacity of filter mat

Using filter mats in the construction of embankment

consolidation can be accelerated. The author has developed the
consolidation analysis that can involve discharge capacity of the

filter mat. From the analysis, it is known that the required

value, qwa=cv x L x 20 (cc/s/m), when the allowable
consolidation lag time is 5%.

Limitation of consolidation drain method

TETE .

When the strength of reclaimed soil is over 25° in terms of
total stress, its permeability is considered to be drained by

itself. Therefore, for the embankment less than 2m in height no

““““““““ where traffic is not allowed.

However, if air-drying is possible, it is concluded that effects of

_..15_



air-drying should be considered in design and construction

phases.

3. Air drying method

o Required strength for fill material
ossibility of air-drying
has big differences depending on shear strength of the soil
used. The criteria we established on this problem is that the
embankment is stable when the undrained shear strength is

Voo St [ SR i ia ~
Kg/cm, nere 1S the

over the wvalue; ¢,=0.133h-0.133
embankment height, for foundation ground of ¢,=0.1+0.02d ke/cn'.
o Determination of target water content

L T NS tRT] «nmnnf

Minimum reguirement of w
the air can be determined from water content-shear strength
relationship obtained from tests.

Soils, initial water content, pavement thickness, ground water
table, and climate affect the days required for air-drying.
Therefore, it is not easy to determine the accurate dates for
air-drying. It is concluded tha

determine from in-situ test including all natural conditions.

o Limitations of air drying method

Z\
n

ls are compacted with 95% standard compaction test

after air drying, it is possible to build embankments up to 3 to

6m-height. And when surface layer is exposed to air during 4



to 10 days {(excep
be reached. However, compaction degree 95% is not enough, as

CBR required for the subgrade of roads. Therefore, other

be required for satisfactory performance. Much more days

(sometimes more than 2 months) for air drying would be

equiired
equired

jayer. This means that air drying only is not practical and
therefore it is much effective when soil improvement should be

followed.

4. Cement mixing treatment

o0 Improvement of shear strength by cement mixing

e L PR
It Hd> DJeCil HOWI

La) ~ Y SRR, 1.1 1 L L |
3% of cement is added to high
water content marine clay (cy=0.04kg/crf and @a.=59%), its
unconfined compression strength after 7 days curing increased

, .
to 2kg/cw. This result shows t

g/ L, i wu

cement mixing.

o Improvement of bearing ratio

N |

to marine clay with @.=30%6, the bearing ratio increased from

CBR=2.3% to CBR=30% and to CBR=77% respectively. It can be

concluded from this result that cement treatment is very

iy f
L

=t

subbase of roads.



LI

o Improvement of compressibility
For marine clay with @ ,=59%, cement was added and cured for

7days. Consolidation results show that pre—consolidation pressure

mocnd tn 1 Qlg/et an Ao /ord <}
increased to 1.8kg/cif and 3.4kg/cw with {f 3% and

5% of cement respectively. This result shows that low

embankments could be constructed without significant

o Development of mixing equipment and in-situ test
With the equipment developed for mixing, cement was mixed to
was better than lab test. In other words, unit weight of soils
mixed with cement was increased due to air drying and
shrinking and thereby shear strength was obtained higher than
that
o Mix design
Since the effectiveness of improvement may be different site by
site, the mix design for each site is necessary in order to
optimize it. The process is first to determine aimed shear
strength and then optimum mix ratio of cement after carrying

out a series of tests.
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Chapter 5. Soil-cement mixing for wet fills
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Shear Strengh, Cu (kg/cm2)
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