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ABSTRACT 
 In this study geotechnical investigation data are evaluated and compared with existing and current ones in soft clay area, where
several years have passed after dredging and reclamation in western and southern area of Korea. Through these, changes of physical 
and mechanical characteristics of dredged and reclaimed soil are analysed by boring test and permeability test before and after
dredging. Especially, studies of changes of physical properties, e.g. permeability, undrained shear strength, are carried out.  In the 
future, these values will be used as design data to apply reinforcement of ground surface and ground  improvement of soft ground and 
to estimate the stability of the harbor facilities. .

RÉSUMÉ
 Dans cette étude, il est comparé et analysé entre les deux données de recherche du sol; récentes et préexistantes, à propos de la
surface molle passée plusieures années après la spéculation draguée dans la côte occidentale et méridionale en Corée qui est en train
de faire le règlement du sol peu ferme. Il est aussi analysé l'évaluation physique et mécanique dans le temps de l'argile dragué du sol
dragué et du sol existant avant et après de la drague en exécutant la recherche de forage et l'examen de perméabilité au moment donné
de l'écoulement du règlement de sol après avoir terminé la spéculation et le moment de la spéculation draguée. Surtout, nous avons
analysé l'évaluation de l'intensité de facteur de la non-distribution, de la perméabilité et de la caractéristique physique, cela pourrait 
être utilisé par les données pour assurer la stabilité en exécutant la méthode du changement du sol et du règlement de la surface lors
du design du sol peu ferme.  
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1 INTRODUCTION 

Using the dredged materials for constructing the harbor land 
and container terminal facilities in reclaimed landfill, ground 
improvement conditions of structures are dependent on  soil 
properties in soft clay layers.  

Groundwater level of the ground in Phase ,  and III 
projects of Gwangyang port is measured since1993 until the 
construction has finished and its variation and influence to the 
soil properties are discussed in this paper.   

 About 15 years after the construction is completed, the 
monitored groundwater tables are approximately similar to 
Mean Sea Level(D.L.(+)1.911m) near quay wall but are higher 
than the Highest High Water Level (D.L. (+)3.822m) in the 
reclaimed area, respectively. The groundwater tables in the 
reclaimed area are related to reclamation level, consolidation 
settlement and residual excess pore water pressure. 
Accumulated monitored results of ground water tables would 
make to predict the reliable ground water level when  harbor 
structures are designed.  

A short review related to ground improvement for the 
construction of Busan New Port was provided. Soil properties 
of dredged clay layer over the entire area of the site are 
evaluated with changes of soil properties before and after 
ground improvement. This paper also contains the evaluation of 
soil characteristics through the field tests in Incheon area, which 
locates in western parts of Korea during construction stage. It is 
compared with the soil improvement works of Silt Pond 
containing ultra soft soil in  Singapore .  

2 CHANGES OF GROUNDWATER LEVEL AND SITE 
CONDTIONS 

Although a comprehensive instrumentation program is applied 
to obtain the changes of soil properties in Gwang Yang projects, 
the data related to groundwater is available in current stage. 
Generally, predictions of soil properties made in the design 
stage should be reasonably good match to filed monitored 
results within acceptable tolerance. However, comparison of 
water level does not match the one anticipated at the design 
stage followed by the surcharge scheme. It is notable that delays 
in surcharge loading would substantially slow down 
consolidation time and caused a little drag in the time of  
decrease in groundwater level.  

Gwangyang Project is progressed that when dredging work 
after revetment construction has done (DL(+)6.0m) from March 
1 1993 before container terminal Phase I was constructed. After 
1st dredging, outer revetment elevation has done until 
DL(+)8.7m and extra dredging has been performed.

Representative reclamation elevation is DL(+)5.4m in  Phase 
I of eastern part,  DL(+)7.4m in Phase II-1, DL(+)6.0m(1 
Block) - DL(+)10.2m(7 Block) in the construction area of the 
related facilities of Phase I, Phase II-1, and DL(+)6.5 m of 
Phase III-1.

The Phase I and II-1 container harbor of Gwangyang port 
(MSL (Mean Sea Level) : DL(+)1.911m) has been completed 
and used in front of eastern part, in the rear part which was 
classified as the related area, roads in container harbor.  

Groudwater levels were measured in quay wall area (Non-
dredging) and CY (Container Yard) area of the Phase I, and in 
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the related area of the Phase I, II, III, which was completed in 
September 2003.  

The purpose of the groudwater level measurement is to 
examine the applications of residual water level in harbor 
construction and the changes of water level during management 
after completion of construction.

2.1  Measurement Results of Groundwater Level Meter in the 

Phase I Container Harbor of Gwangyang Port 

2.1.1 Installation of Large Diameter type of Groundwater 
Level Meter

During the monitoring period of the groundwater table  under 
the construction of Phase II-1 after completion of the Phase I in 
November, 1997, the measured value displayed higher than the l 
one caused by the excess pore water pressure due to 
construction of embankments. In addition to groundwater level 
meter and excess pore water pressure, existing water level meter 
of stand pipe type( SPT)  was changed to large diameter type   

2.1.2 Instrumentation Results of Phase I 

The monitoring results in quay wall area of the Phase I from 
October 2001 to January 2007 that the value is distributed to 
DL(+)4.7 6.5m. 

In Fig. 1, locations of groundwater table in dredging and 
reclaimed area have close relations with the location of a 
drainage layer. Through the monitoring results of groundwater 
level, groundwater level was set up in dredged clay area. In the 
sand mat layer, capillary saturated zone is composed for 
remaining consolidation drainage of dredged clay layer after  
ground improvement. After construction completion , ground 
elevation status of dredged clay and sand mat layer observed 
through monitoring is shown in Table-1. 

Table-1. Results of Construction Completion(Phase I)

water level 
after 

completion

residual excess 
P.W.P(t/ )

elev. on 
clay 

Thickness 

of bank

(m)

Remark

(DL(+))5.1 5.0 (DL(+))1.5 3.0
Avg.during 
construction

Fig. 1. Cross section of water level changes before and after ground 
improvement (Phase I case) 

2.2 Measurement Results of Related Area in Phase II, Phase 
IIIt

 Fig. 2 shows measurement results of groundwater level 
summarized for Phase I, II, III projects considering construction 
work.When harbor facilities was used after ground improvement 
on dredged clay sector, remaining water level did not approach to 
mean sea level(MSL) and rised up to constant elevationt which 
can drain by the influence of excess pore water pressure. 

Fig. 2  Monitored results of groundwater level  

3 SOIL PROPERTIES IN OTHER FACILITIES 

Ground improvement of Busan, Incheon and Singapore site 
through dredging is carried out to observe changes of soil 
properties and shear strength.  

3.1 A Case Study of  Busan Site 

Index properties of the clay according to depth obtained from 
two selected areas of Busan are shown in Figure 3. Natural 
water content varies from 30% to 70 %, while the plastic limits 
remain more or less constant with depth.  

Figure 3. Index properties with depth  

Two different trends can be seen from the figure. In FA-2 area, 
the distribution of natural water content is not varied significantly 
to the depth of 20 meters, and then it gradually decreases with 
depth. In CT-3 area little variation of water content is observed in 
whole depth. This indicates that the variation of water content 
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within subsoil shows relatively strong location dependent. It is 
interesting, to note that the distribution trend of the Wn/LL ratio 
does not seem to be influenced much by locations. Fig. 4 shows 
that the shear strength are increased more after than before ground 
improvement with depth in Busan port.  

Figure 4. Changes of soil properties and shear strength by boring 
before and after ground improvement

3.2 A Case Study of Incheon Site 

Reclamation projects now keep going on in Songdo 
International City and Incheon International Airport. In this 
area  the ground impovement of the soft ground  is applied by 
several construction methods. Site investigations showed that 
the subsoil profile can be classified into two groups: marine 
silty clay and silty sand. Generally, the upper portion of the 
marine clay deposit is rich in fine grains. The amount of coarse 
grains tends to increase with depth.  

Figure 5. Changes of soil properties and shear strength by boring 
before and after ground improvement

Fig. 5 indicates that the shear strength are increased more 
after ground improvement with depth in Incheon airport area. 

3.3 A Case Study of Singapore Silt Pond 

The Silt Pond is 180 hectares in size and contained ultra soft 
soil varying between 3 to 20m in thickness. A considerable 
amount of subsurface investigation is performed including 
sampling, field vane and density logging tests prior to the 
reclamation of the Silt Pond. Since material in the Silt Pond is 
extremely soft, filling was done by spreading sand with high 
water content in thin and equal thickness lifts Soil improvement 
work in the Silt Pond commenced by installing vertical drains, 
following completion of sand spreading method.  

Fig. 6 shows that the shear strength and soil parameters are 
increased more after than before ground improvement with 
depth in Singapore Changi site. 
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Figure 6. Changes of soil properties and shear strength by boring 
before and after ground improvement 

4 DISCUSSIONS  

4.1 Groundwater Level Change of sites 

Table-2 indicates measured values of groundwater level in 
Gwangyang Phase I, II, III of construction site , in which was 
located in 200m, 700m respectively far from the sea side like 
container terminal(CT) and container yard(CY). 
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Table-2 Status of groundwater level in Gwang Yang Port 

item completion of  GI

residual ex. 
P.W.P 

(t/ )

Elev. 
on 

clay 

DL(+)

GWL 
DL(+m) 

( removed)

Residual

level

(design)

CT(Phase I) 0.10 2.61 1.5 5.1 1.911

CT(Phase II-1) 0.07 2.57 2.6 5.3 1.911

CT(Phase II-2) 0.51 23.81 3.5 6.1 1.911

CT Related Area(GI) 0.34 .61 4.1 5.5 1.911

CT(roads) 0.65 2.30 4.0 7.2 1.911

CT(Phase III-1) 0.2 0.6 2.5 5.6 1.911

Reclamation(GI) 0.12 3.16 1.0 3.1 1.911

 Residual groundwater level of construction sector away 
more than 200m from the seashore did not match with M.S.L. It 
can be seen that the water level was affected by residual excess 
pore water pressure after ground improvement(GI), locations of 
sand mat, and ground level on the dredged clays. Anticipated 
value of ground water level by monitoring has close relation to 
the reclaimed elevation of dredging soil, and the cross section 
scheme of drainage layer to squeeze water.  

Extra management charges should be paid in the long run for 
steel corrosion of buildings, boxes, durability decline in the 
process of using facilities. It is reasonable to use the residual 
water level in design stage should be applied as conservative 
values. Based on the studies, the ground water tables in the 
reclaimed area are governed by reclamation level, consolidation 
settlement and remaining excess pore water pressure. More 
monitored results of ground water levels can provide the 
reliable ground water table when designers plan the harbor 
structures. 

4.2 Comparison of shear strength ratio 

Characteristics of shear strength are correlated to the 
fundamental soil parameters, such as Ip. This value is used to 
calculate the shear strength ratio, m (=Cu/p), as the ratio to 
calculate the shear strength after ground improvement, Cu.  

For obtaining basic data for the design of the soft clay layers, 
following formula are used:   

Cu =  Cuo + C∆ = Cuo + m  U p∆       (1) 

m = 0.11 + 0.0037 Ip                               (2) 

where Cu is the undrained strength and U is the consolidation 
ratio. During the design stage, m is a constant relating to Ip of 
Eq. (2) (Skempton’s equation) or getting from the laboratory 
strength tests.  

In Table 4, m is compared with the values of of Eq. (1) 
converted from results of shear strength of field tests after 
ground improvement of the above sites. 

According to Table 3, value of m (=Cu/p) from  Eq.(1) is in the 
range of the values of laboratory test. However, the ratio of Cu/p 

from the Skempton’s formula(Eq. 2) is remarkably small. 
Laboratory results were more reliable than the one predicted by 
Skempton’s equation.   

Table-3 Comparison of shear strength ratio in the study area 

m ( = Cu/p)

Site
Laboratory test 

value
from  Eq.(1) 

(U=90%)
from

Eq.(2)

Remarks

Busan 0.14 0.54(tri.) 0.24 0.35 0.18 0.30

Incheon 0.19 0.04(UU) 0.16 0.53(FV) 0.15 0.19

Singpore - 0.15 0.30

5 CONCLUSIONS 

Geotechnical investigation results before and after ground 
improvement, including field and laboratory experiments from 
the construction of 3 sites, are compared to show the soil 
condition and properties. Through measuring values of water 
level under construction in Phase I, II, III of Gwangyang port,  
the following results are obtained: 

Afte 15 years have passed since completion of projects, the 
measured groundwater level is distributed to DL(+) 3.7-5.6m in, 
a higher value compared with M.S.L. (+)1.911m. The ground 
water level is not converged to MSL until now after ground 
improvement work finished. In the design stage, application of 
residual water level in the long term must be applied. Extra 
management charges should be paid in the long run for steel 
corrosion of buildings, boxes, durability decline in the process 
of using facilities 

According to shear strength value after ground improvement, 
value of  m (=Cu/p) from  Eq.(1) is ranged in the value of 
laboratory test. On the other hand, the ratio of Cu/p from the 
Skempton’s formula is remarkably small. Laboratory results 
were more reliable than the one predicted by Skempton’s 
equation , investigated in Busan, Incheon, Singapore site.   
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