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Summary

On Jeju Island as a whole, the use of port facilities has been increased.
Therefore, massive construction projects of port facilities at Jeju Harbor, LNG
base, and Jeju Naval base are underway or planned on the sand layers
surrounding them. Effects of settlement have been investigated by
researchers; however, there have not been sufficient studies. The research of
the real port facilities requires further research with respect to both
settlement and settlement trends. Analysis and rating of settlement for these
special areas require extra studies to be conducted. Accordingly, the main
objectives of this study are to investigate the settlement trends and suggest
the characteristics of settlement on the ground and the bearing layer in Jeju
Harbor during the construction period. The scope of this study is limited to
Jeju Harbor, as it is typical of the Jeju harbor ports. In this study, the
formulas for settlements on sandy soil are from Schmertmann and
Hartman(1978) and B. K. Hough, DeBeer, and Terzaghi. Also, one of the
largely applied formulas for the riprap bed’s layer is a formula modified from
Terzaghi. The application of these equations, however, has been limited.
Therefore, there i1s a need for a method that can reflect the effects on Jeju
harbor’s settlement.

The physical features of Jeju Harbor are that the diameter of grains of sand
ranges from mainly 0.1-1mm. Chemically the harbor contains Analcime and
Calcite, which are featured in carbonate sand, and Feldspar, which is featured
in silica sand. These chemicals were evenly detected as a result of the XRD
test. Also XRF test shows the features of the silica sand’'s features that are
Sioz, AlOs, FesOs, CaO, LOI, etc, and in the SEM scan results, the sand is
angular and has high porosity. Under the condition of a relative density of
75%, the pre—consolidation index is 40 t/m> and the compression index 1s
measured at 0.116. In the results of the trial compression test, the angle of
internal friction is mainly 34°738°. According to grain size analysis, the

testing suggests that compressed sand tends to have smaller grains than the

_Vi_
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uncompressed sand. It is highly indicated that stones to be used in Jeju
harbor construction have many levels of porosity, which lead to
rearrangement through porosity destruction. The sand layer near Jeju harbor
1S thinner and the riprap bed’s layer rate is thicker, but it has been found
that the sand layer rate becomes thicker going in the direction of the deep
ocean. According to the results of the settlement of the depths of the ground
and bearing layer, the final settlement depths and periods increase as the
total depth of ripraps bed’s and sand layers rise. On one hand, the shallow
sand layers and a high depth of riprap bed’s sand layers make or depths and
periods decrease. However, a higher depth of sand increases the settlement
period. Furthermore, when the total depth of riprap bed’s and sand layer is
higher, the settlement rate will be increased. In the results of the settlement
trends analysis, the total depth of ripaps bed’s and sand layers ranged from a
minimum of 24% to a maximum 3.6%. In conclusion, the preceding
relationships and observations can be applied to estimate the settlement levels

and periods in the Jeju Harbor construction.

= Vil -
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Table 2.1 Relation of stress and void ratio (B. K. Hough)
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3 4~10 0.076 0.803
4 0.060 0.705
5 10~30 0.040 0.600
6 30~50 0.030 0.500
7 >50 0.016 0.405
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Fig. 2.3 Relation of stress and void ratio

(B. K. Hough)
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t}. (Kraus, 1959; Sinkankas, 1966).
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Grain—size distribution curve
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Fig 3.2 Grain-size distribution curve of Jeju harbor sand
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Fig 3.3 SEM result of Jeju harbor sand
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XRF &4 ZA3 Ca0 Ao 27.28% =2 7MY @2 BE¥YE Holu Yoz
SiOz7F 26.16% % EE ¥ o] lom, HA FeO3%= of 5% 7F drHolde Ao
= UER

ol AT A9 mHel XRD A3E HW Feldspar(34], K, Na, Ca,
Ba(Al,S1),04) ¢t Calcite(®3]4], CaCOs), Analcime(*dH]4], NaAlSiOsH.0)3 = ©]
B ol hrEeol o™ Hamatite(# 2 3)# Qaurtz(H Q) PIFoZ 3t 5

o 3= ALoE YERH

Table 3.1 XRF result of Jeju harbor sand

Sample SiOz AlOs FexOs Ca0 LOI
P W{% Wtcyo W{% W{% W{%
X 2l -1 26.16 9.37 5.01 27.28 23.63
M F 2l &2 25.55 9.52 4.96 27.46 23.82
§ Feld;par
i
|
|
3 Calcite
i
y
& Analcime 1 ‘ _,_5.
| 4
.|
i » ! 1§ _
- i g .
i ;A:‘ Fi]

Fig 3.4 XRD result of Jeju harbor sand
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Table 3.2 Characteristics of Jeju harbor sand

Classification Mixed sand
Si02+AlO3:-FexO3 40.54
XRF
Cao+L.OI 46.64
Feldspar
Main mineral Calcite
analcime
Gs 2.714
Do 0.22
D3o 0.31
Grain—size distribution Dso 0.46
Cu 2.09
Cg 0.95
US.CS SP
€max 1.768
€min 1.246
- 17 -
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Table 3.3 Type of compression test ring

Section D(cm) H(cm) Aler) V(cm) D:H
Standard 6.0 2.0 28.27 56.55 31
Large 104 35 84.95 289.63 297:1
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1.500

—©— Standard-1day
—H=—Large(Dr=50%)
—/A—Large(Dr=75%)

1.400 |

.300 F

Void ratio

1.200 F

1.100
0.1 1 10 100 1000

Consolidation pressure(p, t/mz)

Fig 3.6 Compression curve of Jeju harbor sand

Table 3.5 Compression test result of Jeju harbor sand

Standard Large(Dr=50%) | Large(Dr=75%)
Pc(t/m’) 37 40 40
Cc 0.199 0.226 0.116
Fig. 377312 & A0 w2 t-Hol 93 Az-wd 43 log(t)Hel
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Fig. 3.7 /t-method of Jeju harbor sand(Standard-1day)
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Fig. 3.8 Log(t)-method of Jeju harbor sand(Standard-1day)
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Fig. 3.10 Log(t)-method of Jeju harbor sand(Large-1day, Dr=50%)
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Deviator Stress, m-cs(kg/cmz)

Volumetric Strain, & (%)
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Fig 3.14 Stress-strain behavior for Jeje-habor sand (Dr=40%)
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Deviator Stress, 61-63 (kg/cmz)

Volumetric Strain, &(%)
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Fig 3.15 Stress-strain behavior for Jeje-habor sand (Dr=50%)
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Fig 3.16 Stress-strain behavior for Jeje-habor sand (Dr=60%)
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Deviator Stress, 61-63 (kg/cmz)
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Fig 3.17 Stress-strain behavior for Jeje-habor sand (Dr=75%)
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Fig. 4.11 Drilling log of 4 location
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Table 4.1 comparative analysis of settlement

Thickness(m)
) Settlement Settlement-
Section !
Sand- Sand Ripra (cm) time(day)
Riprap S
1 Location 48713 327105 16725 1117314 07240
2 Location 142725 74798 447158 317484 4807750
3 Location 23.2 76717 1557156 17.7751.3 2407420
0.6

-0.5 |

o
B

Settlement(m)
=) =)
[ w

0.1 |

Sand plus riprap bed's thickness(m)

Fig. 4.21 Relationship between sand plus riprap thickness and

settlement
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2. XRF s} Ay Aol R CaO, LOIZF zH7r 27.28%, 23.63%=
SiOy, Al,Os FeoOs7F ZH2E 26.16%, 9.37%, 5% = WESk o™ XRD 3}shid 2
3} Feldspar(’d2], K, Na, Ca, Ba(Al, Si),0,)% Calcite(*#3l4], CaCOs),
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