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Geotechnical Division, the HKIE - Delegation Vigit Taiwan

Delegation Visit to Korea between 21 and 25 Januar008

1.0 Introduction

The HKIE Geotechnical Division had successfully lgggp for government funding
under the Professional Services Development AsgistaScheme (PSDAS) to
organize a series of activities under the them&Enhancing Hong Kong engineers’
understanding and technical know-how on geotechn&aineering in Korea
Against this background, a delegation visit to Kgréncluding Seoul, Busan and
Gumi, was organized between 21 and 25 January 2008.

The delegation comprised 31 members of the Dividexhby Chairman Ir Dr Eric Li,
Immediate Past Chairman Ir Albert Ho, Deputy Chainmir Ringo Yu, and

Committee Members Ir Prof George Tham and Ir Mautég.

The organizations and/or sites visited during tigeare summarized in Table 1.

Day City Nature Organization / Site Visited

1 Seoul Construction Site Commercial/office development “PARC 1 “

Busan | Construction Site Asia Pacific Mega Hub Port, Busan

2 Construction Site / . . . .
Busan Field Monitoring Site regarding detection of pipe leakage

Busan C.onstructllon 'S|te/ KTX Rail Tunnel
Field Monitoring

Busan Construction Site Bukhang Bridge

Completed Site /

. Gumi Field Monitoring Slope Monitoring System on Highway
Gumi Company/showroom| Samsung Electronics Gumi Complex
Gumi Umyersny/ Research Kumoh National Institute of Technology
Institute
Completed Site / . .
Daecheong Facility Operation Daecheong Multipurpose Dam and Hydro Power Station
Seoul Research Institute | Expressway and Transportation Research Institute
4 Seoul ﬁg;ﬂﬂ?eny/ Researct Geotechnical Monitoring Group Company Limited
Seoul ﬁgglﬁ?eny/ Research Hyundai Institute of Construction Technology Deyetent
Seoul Construction SK E&C Company
Company
5 Seoul Construction Site Second Incheon Bridge

Table 1. Summary of organizations / sites visited
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2.0 Visits to Construction Sites

2.1 PRAC 1, Seoul

The official programme started on Day 1 immediatdher arrival at Seoul. The
delegation first visited Yeouido Parc 1 (YIFC), whiis one of the biggest office
and commercial development projects in Seoul. Titeeasea is approximately
300m x 150m with two office towers of some 320m awme 270m high
respectively, a 100m high five-star hotel and a 48igh retail building. When
complete, there will be a seven-storey basemerit thié underground linked
together. Part of the site during constructionaalier time is shown in Figure 1.

Figure 1. Part of the site during construction
[http://[forum.skyscraperpage.com]

The site will be all excavated up to ground floewdl. Open cut excavation with
earth anchors are installed for overall site exttamaexcept the eastern part
where a subway is located nearby. Therefore, “mwrd excavation method,

which is common in Korea as no strutting is reqiiie employed to avoid the
use of earth anchors. Thus, two contractors arelved in this project to carry

out the excavation works. Diaphragm wall and solgiée with shear pin are

used for temporary wall. As the rock head levetlgpping along the site, the
lengths of the 1m thick diaphragm wall vary fromn2% 40m. Ground water

level is at 10m to 14m below ground and specialigant and grouting are

applied to cut-off water inflow.
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2.2 Asia Pacific Mega Hub Port, Busan

In the morning of Day 2, the members were transterto Busan by the
high-speed rail KTX Train which can travel at speé800km/hour. The group
arrived Asia Pacific Mega Hub Port in Busan judiobe lunch time. The project
is promoted by the Korean government with the aimrerihance the competitive
of Busan. New port facilities are identified to bequired and the area
immediately outside Busan center is planned to ®eveldped into a

multi-function container terminal with a multi Trdn Won budget. The Port
consists of 3 container terminals in North, Soutld &Vest with 30 berths in
10km long when fully complete. A layout plan andrtpmodel is shown in

Figure 2 and 3 respectively.

il Fety 1-1
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Figure 2. Asia Pacific Mega Hub Port Layout Plan
[http://lwww.pncport.com/eng_index.jsp]

The original seabed in the area was only 7m deemrder to transform the
oyster farms to this Mega Hub Port, the seabed dvedged to 16m deep for
world-class vessels to pass through. The dredgechendeposits were then used
to form a backyard island of 270ha to provide thpp®rting systems for
business, education, cultural, residential and lpgistic. As there is a clay layer
of more than 60m deep beneath the seabed, sandactamppile method with
the use of steel mould vibration hammer is seleétedground treatment. A
typical section for foundation is shown in Figure 4
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Figure 3. Asia Mega Hub Port Model
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Figure 4. Section for Foundation (Pusan New Port.@dBrochure)

2.3 KTX Rail Tunnel

In the afternoon of Day 2, the delegation visitefX<Rail Tunnel, where tunnel
excavation underneath a live mass transit railwag was in progress. The
excavation and lateral support (ELS) system is shimwFigure 5. The geology
encountered in this site consists of few meterp ded with very shallow rock
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head levelThe members were shown the sophisticated monit@ystem using
Brillouin distributed sensorsvhich have been installed in the strut and waling
members to monitor the real-time response of S system. This
measurement represents the actual behaviour ¢frsémnbers during excavation
and justifies design assumption.

Figure 5. Excavation and Lateral Support SystemterKTX Railway Tunnel
Excavation in Busan

2.4 Bukhang Bridge

The delegation visited the Bukhang Bridge, whictihie costal road to Busan
connecting the east and west, in the morning of BayThis also forms a new
gateway of North harbour as well as part of theaBu€ostal Beltway. When
complete, the Bridge will be 3.33km in length wihl.11km cable-stay girder
bridge together with 23km approach bridges. A keidgodel is shown in Figure
6.

At the time of the visit, the construction works site was focusing on forming
an artificial island for the bridge foundation.

In order to improve the stability of the bridgegetmembers were told that the
followings would be adopted: 1) Diamond shape gadtof vertical shape, pylon
is employed for cable to be arranged in triangshape to minimize main girder
lateral displacement and to improve wind resista@jf@arallel wire strand cable,
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Figure 6. Bukhang Bridge Model

which has a smaller surface area than multi-stcafde is used, as this will have
smaller influence and prevents wind vibration. 8aBng system is installed at
the main span and this model is verified by 3-disi@mal wind tunnel test to
withstand wind speed of 80m/s and numerical stitraria In addition, artificial
island at the bottom of pylon is constructed totgeco the bridge for possible
collision and to prevent the bridge from secondtasnage.

As the bridge is designed to withstand earthquaidetgphoon, lock up device
(LUD) is installed at connecting point of pylon andhin girder to work as an
adjusting point for repetitive deck displacementisead by temperature change
and/or wind. Also, LUD also acts as a fixing pdiot sudden dynamic pressure
by dividing earthquake reaction into few points poevent impact being
concentrated at a single point.

2.5 Second Incheon Bridge

In the morning of Day 5, the members visited thedde Incheon Bridge in
Seoul, which provides an alternative access tolrtiseeon Airport. The total
length of the bridge is some 21km with approximatePkm marine section.
This will be the longest marine bridge in Korea twian 800m main span
cable-stayed bridge, as well as marine viaductagabr bridges.

In design aspect, the 6-lane Incheon Bridge is tbéndure 9.27m difference of
ebb and flow with current speed of 1.68m/s. Als@an withstand wind velocity
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of 72m/s and strong earthquake of 7-degree intenéithe seismic scale.

The cable-stayed bridge allows the passing of T@0,bnnes vesselThe
238.5m inverted Y-shaped concrete pylon is desigoeprovide various point
for aerodynamic stability. The approach bridge &apan length of 145m with
structure of 7 continuous spans concrete box givdesreas its foundation is
drilled pile shaft with rectangular hollow pier aaohn. The structure of viaduct is
prestressed concrete box with sub-structure dedigsepile bent type structure
in the joining drill pile foundation and pier colmmFor the sloping section close
to approach bridges, drill pile shaft and circutser column is designed. To
protect the bridge and ensure the vessel safafy,imsipact protection system at
the bridge and subsection of approach bridgesstalied.

The members were taken for a boat ride to seedhieus construction activities
in close distance. Figure 7 shows the construabiobridge deck immediate
adjacent to the main cable-stayed span.

Figure 7. Construction of Incheon Bridge

The members noted that advanced technologies ad tos speed up site
progress, to save cost, and to improve the quafity productivity of works. For
example, rebar fabrication automatic system, pioces ordering, storing,
fabricating, delivering are managed centrally ia 8ongdo casting yard, where
wharf is available. Automatic steel cage fabricatmuipment, which is the first
time to be used in Korea, is employed in this prbjBesides, viaduct girder is
prefabricated to achieve 2-day cycle.
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3.0 Visits to Recently Completed / Ongoing Monitoring Fojects

3.1 Slope Monitoring on Highway

After the visit to the Bukhang Bridge in the mominf Day 2, the members
headed to one of the slope sites along a highwaghwis monitored by the

Translation, Rotation and Settlement (TRS) sensdise real-time slope

movements can be detected by these sensors artchasenitted to a control

centre by the CDMA (mobile phone) communicationtsys Together with a

data analysis system, it helps to monitor the bielawof slopes and provides
early warning of imminent slope failures. SomedghTRS sensors are shown
in Figure 8.

Figure 8. TRS sensors

3.2 Pipe Leakage Detection

Pipe leakage can also be detected by pre-instBligiduin distributed optical
fibre sensors in underground pipelines. The leakkgection works on the basis
of comparing the temperature profiles of an optfdar placed just underneath
the pipeline. A measured local change in tempesanay imply a localised pipe
leakage. All optical fibores can be wired to a cawetphousing unit on site
(Figure 9) before transmission to a remote corteaoltre.
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Figure 9. Optical fiber system for detection ofgplpakage
3.3 Daechoeng Multipurpose Dam and Hydro Power Station

In the morning of Day 4, the delegation visited Efa@eng Multipurpose Dam
and the Hydro Power Station, which regulates watability and provides
electricity power to central part of Korea. The nibems were shown on the
effective water resources management and new weseurces acquisition, as
well as enhancement of limited water resourcesaisagart from the 72m high
and 495m long combined concrete gravity, and raltkMain Dam and the
concrete gravity Regulation Dam, an electric povesility generator forms a
major part of the dam facilities to provide cappamf 90MW. A facility and
structure layout of the Daechoeng Dam Hydro Powatid is shown in Figure
10.

Daechoeng Dam also alleviates risk of flood dam@gdownstream areas of
rivers by storing water during rainy season. Moexrpthe dam provides habitat
for migrating birds and fishes. Ecology of the la&@reserved with stored water
being released during dry season. The members wapeessed by such
intelligent multi-utilisation of this project.
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4.0

Figure 10. Facility and structure layout of Daeafp#ultipurpose Dam

Visits to Construction / Consultant Companies

4.1 Geotechnical Monitoring Group Co., Ltd

To learn the advanced technology in geotechnicahitoing in Korea, the
members visited a geotechnical consultant firm,t€smical Monitoring Group
Company Ltd (GMG) in Gumi in the afternoon of Day 3GMG is specialised
in real-time monitoring of geotechnical structungsing optical fiber sensors.
Optical fiber sensor is a cost-effective tool foonitoring ground movements in
many areas such as slope, tunnel, bridge and dam.rfal-time monitoring
system facilitates easy access to real-time datasit during and after
construction, and remote control the analysis obtgghnical structures via
Internet.

4.2 SK E&C Company

The delegation visited the highly regarded consimaccompany, SK E&C
Company in Seoul in the late afternoon of day 4.EC is a multi-discipline
company with different kinds of business, suchigs engineering works, plant
works, and research & development all over the avartluding Middle East,
Southeast Asia and South America. SK E&C is pddity specialized in deep
underground caverns construction.

During the visit, the members were told that ndtteaources, such as crude oll
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and liquefied natural gas (LNG), can be safely awbnomically stored

underground. One good example with crude oil stareé mined cavern is
illustrated in Figure 11. From safety point of vijetlie underground storage
provides multi-containment barrier and lower vuliaglity to earthquakes. Also,
it provides better safety against fire on plantratustrial accidents nearby. In
environmental aspects, less reclaimed areas artdwesks are required at
ground level; this allows better environmental g@tability because of less
above-ground storage exposure. Golf courses carbuié on surface for

recreation purpose to fully utilize the area in soprojects. A comparison of
land take required for storage area above-groudusadlerground is shown in
Figure 12.

Figure 11. Cross-section with crude oil stored ined cavern

Figure 12. Comparison between aboveground and gralerd storage
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5.0

Other than underground storage, SK E&C is alsoiafieed in road business.
Several sections for Seoul-Busan High Speed RabRoational subways and
train rails and local highways are constructed by BE&C. Many of these

transport infrastructures include the constructibtunnels, bridges and stations.

Visit to Research Institution

5.1 Kumoh National Institute of Technology

The delegation went to visit Kumoh National Inggtwf Technology in Gumi in
the afternoon of Day 3 to witness the ongoing neseaorks in the laboratory
using optical fiber sensor technology. This labomatprovides a research
platform for the innovative development for the kgadion of optical fiber

sensor. One of the examples is the demonstratiolurmel movements by
tunnel modeling and a scale model is shown in Eidi&.

Figure 13. Reduced scale model for demonstratiorsemfure tunneling by
detecting small deformations of tunnel cross-sectio

5.2 Expressway and Transportation Research Institute

In the late morning of Day 4, the delegation vditthe Highway and
Transportation Technology Institute (HTTI) in theughern suburbs of Seoul.
HTTI is a research and development institute of #erea Expressway
Corporation (KEC), which is a major stakeholdeths road construction works
in South Korea.
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After a lunch hosted by KTTI, during which both fies shared experiences in
the highways design and construction, the delegatias presented with HTTI's

principal activities and they are: 1) research adegelopment in design and
construction, 2) on-site consulting, and 3) natigteategic project of highway.

The delegates were then shown with some geotedhainth highway related

practice adopted in highways construction in Sddhea such as soil nails, rock
bolts and asphalt material samples at HTTI extubitall.

The delegates also visited the Korean Acceleratmtling and Environmental
Simulator (KALES) within HTTI, which is shown in ure 14. This simulator is
aimed at evaluating the response and performancearfs using full-scale
pavement structures together with three speciabzet$ in a short period of time.
Different temperatures, ranging from °@0to 60C, and ground water level can
be simulated by the chamber inside the system. Biyguthe KALES,
researchers can apply various road materials, @sigms and rehabilitation
method effectively. Road life cycle analysis coudd carried out using the
accelerated evaluation results.

Figure 14. KALES of Highway and Transportation Teclogy Institute

5.3 Hyundai Institute of Construction Technology Develpment

The delegation went to visit Hyundai Institute obr@truction Technology
Development (HICTD) at the southern part of Sedtdranoting the works of
HTTI. HICDT is a part of Hyundai Engineering and rStruction Company
Limited (HDEC), a major construction company in Earand internationally.
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The members were briefed about HDEC and learnadHB&C has carried out
construction related projects not only in Southd®but also around the world.

The HICTD is a well established research centeln Wighly qualified staff and

state-of-art facilities. There are fourteen labaniat, including an acoustics lab,
a wind tunnel, an underground tunnel laboratory anshaking table for the
evaluation of seismic performance of structuresd€adiby HDEC, the delegates
visited various research facilities in the insgtuOne of the highlight was the
structural laboratory which was equipped with thaxial shaking table of

maximum acceleration of 1g. The vibration charasties as well as seismic
response of structure could be simulated undetahke with a wide range of
frequency and acceleration. The shaking tablelustiated in Figure 15. The
success of HDEC is based on their technical competand ability to research
and development work. In Hong Kong, most of the staution-related

researches are conducted in universities and goesrh departments. It is
believed that HDEC can be served as a referencelnwedh injecting research

and development work into construction businesstte construction industry
in Hong Kong.

Figure 15. Biaxial shaking table at the structimbloratory of Hyundai Institute
of Construction Technology Development

6.0 Experience Sharing with Korean Practitioners and Pofessional Institutions

A welcoming dinner for the delegation was jointlysited by our Korean counterparts:
National Emergency Management Agency (NEMA) and o&wdion of Slope
Disaster Mitigation (ASDM) in Busan in the eveninf Day 2. While arriving in
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Seoul in Day 4, the Division hosted a reciprocaantkryou dinner to all the
organizations that had been visited during the triBoth occasions provided ample
opportunities for all the members to share expegesith our counterparts in the two
regions and to develop contacts. During the dinntims Division made concrete
discussions with the local professional instituioan fostering closer link and
formalizing technical exchanges between the geoieah professional bodies in
Hong Kong and Korea.

7.0 Conclusion

Through the technical visit to Korea, the Divisipnovided opportunities for its
members to better understand the geotechnicaligeaitt other countries. Equally
well, engineers in Korea had the opportunities éttdy understand the geotechnical
practices in Hong Kong.

During the visit, it challenges the members to khatbout how engineers can benefit
and build a better society. It is found that theidekeeping in Korea sites is really
tidy which the Hong Kong industry could learn froAiso, the possibility of utilizing
underground space in development may be an areth wmre study, as geological
condition in Hong Kong at some areas is suitabteuftderground storage. Besides,
the delegation was fascinated to learn the TRSlape movement monitoring, which
is not commonly used in Hong Kong. All these valeabxperience will definitely
benefit the industry. More importantly, the Divisiblas established useful links with
geotechnical-learned societies in Korea. This wflen up new opportunities for the
HKIE Geotechnical Division to organize geotechnieativities of mutual interest
jointly with our counterparts in Korea.
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~~End ~~
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