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Summary

I. TITLE

Development of accelerated construction technology for high-rise pylons

IT. Necessity and purpose

Following the recent development of high-performance/high-strength materials
and the advances realized in the design and construction technologies, bridge
structures have witnessed tremendous evolution in length and height. This
evolution answers concretely to the social need of long span bridges for
island-to—mainland, island-to-island and intercontinental links. Incheon Bridge
(central span of 800 m) opened to traffic in 2009, and Yi Sun-sin Bridge
(central span of 1545 m), the fourth longest bridge in the world, was completed
and entered in operation in 2012. These long—span bridges require imperatively
high-rise towers to deal with their extended central spans. For example, the
towers of Seohae Bridge, Incheon Bridge and Yi Sun-sin Bridge rise at
respective heights of 182 m, 2305 m and 270 m, and it can be expected that
the super-long span bridge with central span longer than 2 km will see its
towers rise above 400 m. Most of these towers are made of concrete for the
economy.

Mechanized movable form systems are used for the erection of high concrete
towers to shorten the construction period and minimize manpower works at
elevated height. These movable form systems can be classified into the ACS
(Auto Climbing Form System) and the slip—form system according to the
operating method. The slip—form system presents the advantage of shortening

significantly the construction period compared to other methods since the

_Xi_
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erection can be executed during 24 hours without interruption through the
repetition of 5 tasks that are, assemblage of forms, assemblage of rebar, placing
of concrete, curing and stripping of forms. Owing to such advantage, the
slip-form system has been and is being widely applied for the erection of
various structures in Europe. However, this is not the case in Korea due to the
lack of research on related technologies.

In the case of concrete structures with constant sections, foreign systems are
being directly introduced or fabricated in modified form in Korea through
technical tie-up since the slip—form system is relatively simple. However, in the
case of tapered sections varying according to the height of the pylon like in
super long span bridges and when the shape of the pylon is three-dimensional,
the design, fabrication and operation technologies rely completely on the foreign
expertise, which result in tremendous disbursement of royalties and outflow of
foreign currencies. The slip-form is a highly difficult technique in concrete
construction and is monopolized by a very few companies. These foreign
companies are thus extremely reluctant to implement technology transfer so as
to avoid the rise of any new concurrence. Accordingly, it is obviously necessary
to localize the design and fabrication of the tapered slip-form system as the
latest technology for the erection of tapered concrete pylons in order to secure
the self-relying construction of super long span bridges and high-valued
construction technology.

To that goal, this research intends to develop the design and fabrication
technology of tapered slip-form equipment for the localization of the related
industry, to secure elevated placing and curing technology of concrete for the
quality of concrete and the optimized lift-up of the slip—forms, and to develop
efficient and lightweight slip—form structures and modules. Moreover, this
research also intends to establish the configuration control and erection

management technology for rapid and accurate construction.
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M. Contents and scope

Derivation of
lightweight slip—form

alternatives

Sta| Ye
Research contents Scope
ge | ar
Analysis of the design of tapered slip—form
Status of tapered
system and analysis of structural
system design and
calculations
analysis of system
Derivation of structural calculations of
characteristics
tapered slip—form system
Research trend on lightweight forms and
Research trend on
review of previous applications
lightweight forms and
Evaluation of characteristics of GFRP
2 analysis of replaceable
material for lightweight slip—form
components of
Evaluation of replacement of slip—form
slip—form
components by GFRP members
Review of configuration control systems
Analysis of
applied worldwide for special bridges,
configuration control
survey and analysis of previous applications
1 by optical
Derivation of sensing layout for the
measurement
improvement of configuration control
Study on quality Study on the skin plate characteristics of
according to lifting slip—form system and frictional resistance of
speed of slip—form concrete
system and Study on quality of concrete considering
optimization of lift—up lifting speed of form
3 Derivation of basic structure for lightweight

slip—form
Performance evaluation of GFRP structural

elements by structural analysis

Configuration control

and slip—form position

Study on signal processing of measurement

sensors in configuration control system

— xiil —
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Zylghs
Sta| Ye
Research contents Scope
ge | ar
Development of error calibration algorithm
and signal processing module for
control softwares configuration control SW
Derivation of module organization for
configuration control SW and unified system
Design of basic tapered slip—form system
considering configuration control,
Design of slip-form workability, and improvement of
system considering construction quality
configuration and Development of automated control of form
work improvement lifting considering automated construction
Behavior test of constitutive modules of
1 lightweight form system
Development of
unified system for
configuration control Unification of modules and SW of
of high pylon configuration control system for high pylons
(unification of
modules and SW)
Fabrication of pilot product for public
Verification and demonstration of tapered slip-form system
supplementation by prototype
means of first public Performance verification of developed
0 demonstration of the system through public demonstration
2 developed product Trial application of configuration control and
prototype automated lifting by ultrasonic wave
through public demonstration
System improvement System improvement through public
6 by means of 2nd demonstration

public demonstration

Application of configuration control-
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automated lifting by ultrasonic
wave-lightweight form system through
of the developed
public demonstration
product prototype
o Development of related design documents
and specifications
o Supplementation of automated operation
technology of slip—form
o Preparation of slip-form operation manual
o Advancement of GPS signal processing
o Supplementation of
o Preparation of high pylon profile
7 tapered slip—form
management manual
3 system
o Unified TB technology support
o Evaluation of economic efficiency
o Promotion of technology transfer and
innovative technology
o Unified TB technology | ° Establishment of BIM virtual design
8
support o Unified TB technology support
IV. Results

This research was launched on November 6th, 2009, and was implemented in
three stages starting from the 2nd year to the 8th year of the TRM (Technical
Road Map) of the Super Long Span Bridge R&D Center. The goal of the
research is “Development of equipment and methods for the accelerated erection
of high concrete pylons to secure technological independence and international
competitiveness”. For the efficient execution of the project, the research is
subdivided into 3 core technologies that are: “slip-form equipment and method
for high pylons with tapered-section”, “configuration control of pylons higher

than 400 m using GPS”, and “lightweight slip-form modules for tapered
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sections”.

The first stage of the research ran during 28.7 months from the 2nd year to
the 4th year of the program and was dedicated to the identification of original
technologies and the development of the details for the core technologies.
Concretely, the tapered slip-form system applying BIM-based 3D design and
virtual erection was developed to minimize construction and fabrication errors.
In addition, the Ilift-up time of the slip—form was optimized to shorten the
erection period and improve the safety and quality of the concrete surface.
Moreover, automation technology for tapered sections was developed to achieve
precise configuration control, cost reduction and accelerated erection.
Configuration control using GPS was developed to secure the accuracy of
erection and minimize the effects of the weather and control points. Lightweight
GFRP modular panels were developed to shorten the time spent for the
assemblage and dismantlement of the forms, improve the safety of works at
high altitude and secure even quality of concrete.

The second stage lasted for 24 months from the 5th year to the 6th year of
the program. This stage verified and complemented the core technologies
developed in the 1st stage. The tapered slip—form systems for 1-pylon and
2-pylon were designed and fabricated, and were used successfully in 2 trial
erections.

The third stage ran during 21 months from the 7th year to the 8th year of
the program. This stage implemented 2 additional trial erections to supplement
the automation of the system developed in the 1st and 2nd stages. Three
Technology License Agreements were contracted and the developed technology
was registered as Construction Innovation Technology.

The following conclusions can be drawn from these 3 stages of research.

(1) Research was implemented on the design and fabrication of the tapered

slip-form system for the erection of concrete pylons with tapered sections

varying 3-dimensionally. The constitution of the slip—form system was analyzed
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and solutions of the slip—-form were derived to deal with tapered sections. Based
upon the developed key technologies, design drawings of the slip—form system
necessary for two trial erections were prepared and design verification was
executed using BIM. The slip—form system fabricated based on the design
drawings was installed and applied successfully for the trial erection of tapered
concrete pylons. This demonstrated the safety and efficiency of the slip—form

system developed in this research.

(2) In the traditional slip—form method, the erection relied on the experience or
on the use of a probe bar. In this research, the degree of setting of the
concrete placed inside the slip—form is assessed using ultrasonic waves (surface
waves) and the optimal lift-up time of the slip—form was studied. To that goal,
penetration resistance test, compressive strength test, and test measuring the
speed of the surface wave were conducted simultaneously considering various
parameters including the mix composition of concrete and the curing
temperature. The results enabled to derive the speed of the surface wave for
which the stable quality of concrete could be secured. The so-derived speed of
the surface wave was applied in the trial erection and helped in the successful
construction of a tapered concrete pylon. Throughout 4 trial constructions, it
was verified that very efficient erection could be achieved by lifting—up the slip

form based on the speed of the surface wave proposed in this research.

(3) The previous method erected the tapered pylon by adjusting manually the
spindle. This method is extremely inefficient and may even cause problems in
the configuration control. In order to solve such problems, the
wireless—controlled electric spindle (K-Spindle) was developed and its
effectiveness was verified by applying it to the erection of a tapered pylon. The
results of 2 trial constructions using the K-Spindle showed that individual and
simultaneous control of the spindles could be done wirelessly and that the

K-Spindle could deal rapidly with tapered sections. Since the rotation speed and
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direction of the K-Spindle can be adjusted easily, the slip—form can be enlarged
or narrowed conveniently to fit to the desired shape of the pylon. The rotation
speed can be increased according to the gear ratio of the applied gear box.
This feature allows the K-Spindle to develop significantly larger torque than by
manpower and to respond rapidly to the tapered section under any condition. A
rain protection structure was adopted to enable operation regardless of the
weather. In addition, the spindles can be switched to manual or automated mode
in case of emergency so as to reflect the characteristics of the slip—form which
operates non-stop 24 hours/day. Even if there is always a reserve electric
power generator in ordinary sites to allow normal operation in emergency case,
a manual control function was added to secure smooth operation of the
slip—form even in extreme case where power supply is completely shut down.
Such extreme event was simulated during the trial construction to verify the
normality of the operational process. Accordingly, the efficiency of the operation
of the slip-form was magnified together with the realization of precise

configuration control during the erection of the high tapered concrete pylon.

(4) A wireless remote configuration control system was developed to minimize
the effect of external environment like weather and be free from the traditional
measurement methods for the precise erection of the concrete tower by
slip—forming. Here, research was conducted on data acquisition and processing
techniques to secure the accuracy and achieve a measurement system applying
GPS and tiltmeter in all-weather. Moreover, a unified system enabling to
control automatically and wirelessly the hydraulic jacks based upon the
measured data was developed. To that goal, an automated measurement module
was developed to integrate the real-time GPS measurement and the tiltmeter
located at the same position for the efficient configuration control of the
3-dimensionally varying shape of the pylon. The reliability of the data was
secured through signal processing using the Kalman filter to improve the

accuracy of the GPS measurement. In addition, the so-called KICS (KICT
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Integrated Configuration control System) was applied experimentally to the
Ulsan Bridge site and the effect of the forms and crane tower was evaluated to
improve the field applicability of the concrete tapered pylon. In view of the 4
trial constructions of tapered concrete pylons using the slip—form system
developed in this research, this system enabled to execute successfully the

configuration control of the structures.

(5) The shape and module of forms made of GFRP were developed to achieve
lightweight slip—forms. Analysis was conduced to verify if the GFRP forms
developed through analytical and experimental studies secured higher
performance than the conventional ones. The structural analysis and
experimental results revealed that, compared to the steel form, the GFRP form
offered better structural performance and remarkable insulation effect. The
insulation effect could keep the temperature constant during the curing of
concrete and provided positive effect in the quality of concrete. The
modularization of the GFRP forms eased the assemblage and dismantlement.
The connection between the modular GFRP form and the slip-form system was
developed so as to shorten significantly the time required for the installation of
the forms and, in turn, reduce the whole slip—forming period. Since the
developed GFRP form module are made of waterproof material, the module can
thrust out humidity during the curing of concrete. Such property reduces the
frictional force developed during the lift-up between the slip—form and concrete,
and is advantageous in term of the quality of concrete. Finally, a series of tests
using the GFRP form showed that the surface of the concrete structure was

better than that obtained using steel form.

(6) The core technologies developed for the slip-form system for tapered
concrete pylons were probated through 3 mockup tests, and their performances
were supplemented and improved by means of 4 trial constructions. Especially,

the 4 trial constructions involved full-scale bridge pylons and were completed
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successfully, which showed that the developed core technologies could be
applied on site without problem. The detailed items of the verification and
application are as follows.

The core technologies developed in the first stage were integrated and
resulted in the fabrications of 3 mockup slip—form systems that were used in
verification tests. In the first mockup test, a small-scale slip-form system made
of steel and GFRP forms and a cross—section of 40x40 cm was fabricated and
used to place concrete with various layers of 25 cm prior to execute the
wireless hydraulic jack control program of the configuration control system. The
frictional force was measured according to the lift-up of the slip—form when the
steel and GFRP forms were lifted separately and when the forms were lifted
concurrently. The test enabled to verify the excellence of the concrete surface
after construction as well as the insulation of the GFRP form. In the second
mockup test, steel and GFRP forms with cross-section of 40x40 cm and height
of 1.2 m were fabricated and 25 cm-thick layers of concrete were placed every
hour. Here also, the hydraulic jack control program of the configuration control
system was also used similarly to the slip—forming of an actual concrete pylon.
The steel and GFRP forms were lifted concurrently to achieve two 2-m high
columns. The ultrasonic wave module was installed at the foot of the form to
determine the lift-up time of the slip—form using the ultrasonic wave speed.
This enabled to verify the possibility to operate efficiently the slip—form system
using the ultrasonic wave device. The third mockup test was conducted using
the GPS module and a fabricated slip—form system. The test erected
simultaneously 2 concrete columns of 1.8 m by remote control of the slip—form
system using the configuration control system. The test showed the absence of
problem or deflection in the connection after the placing of concrete and after
slip—up.

Apart from the mockup tests, four trial constructions were conducted to
verify the performance of the developed core technologies and improve their

field applicability. The first trial construction intended to verify the applicability
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of the integration of the core technologies developed in this research. The
slip—form system was designed and fabricated to reflect all the core
technologies in order to prove the feasibility of the erection of the tapered pylon
using the developed slip—form system. At that time, it was believed that the
R&D was completed for the core technologies of the tapered slip—form method.
However, unexpected problems occurred in the design stage and were
supplemented. Especially, the necessity to secure the comfort of the technicians
and the working space was seen to have been ignored in the design stage. The
second trial construction erected simultaneously two tapered section by
slip-forming using a lattice girder. The two-tapered legs of the concrete pylon,
similar to those usually applied in long span bridges, were successfully erected
simultaneously up to a height of 10 m. Even if it was not initially planned, a
prototype of the electro-powered spindle system enabling to automatize the
erection of the tapered section that was previously done manually by manpower
was applied. The convenience of work was ameliorated by improving the
connection of the GFRP form module. The cable anchor was inserted as done
during the erection of the pylon of ordinary cable stayed bridges so as to verify
the field applicability. The third trial construction verified the automated
operation of the tapered slip-form system. The automated system of the
electro-powered spindle was applied in every part of the tapered section work.
This trial construction enabled to verify the shortening of the working time and
the reduction of manpower as well as the possibility to execute the
configuration control. The fourth trial construction verified the durable
performance of the wireless electro—powered spindles and the field applicability
of the construction new technologies. The automated system of the tapered
slip-form system that was abandoned in place during 8 months after the third
trial construction was seen to operate properly. The previously erected pylon
specimen was raised additionally by 2 m. Note that the wireless
electro-powered were not removed after the third trial erection and were let in

place to be exposed to the external environment during 8 months. Despite of
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such long exposure, all the 32 automated systems operated normally and

enabled to conduct effectively the tapered section.

V. Plans for utilizing results

In this research, 5 core technologies were developed for the development of
the tapered slip—form system. These core technologies are: “design and
fabrication of tapered slip—form system”, “lightweight GFRP modular panels”,
“optimal lift-up time of slip—form”, “automation of slip-form for tapered
section”, and “configuration control of high concrete pylons”. Here, the “design
of tapered slip—form system”technology uses BIM, which makes it applicable
not only for pylons but also for the slip—form erection of very diversified
structures. Since the “lightweight GFRP modular panels’technology exploits the
remarkable properties of GFRP like its light weight, its insulation and its
waterproof characteristics, this technology is applicable to tapered slip—form
systems as well as other industrial sectors. The “optimal lift-up time of
slip—form”technology uses ultrasonic waves to measured the degree of setting of
concrete, which makes it applicable to any concrete structures requiring
accelerated construction. In addition, the “configuration control of high concrete
pylons”technology uses GPS that makes it applicable to the slip—form method
as well as the ACS method.

The tapered slip—form system gathering these core technologies exhibits
remarkable performances that are distinct from previous foreign technologies.
This system can be applied not only for the pylons of bridges but also for the
continuous erection of various structures like piers, tank terminals, silos, and
LNG walled structures. Moreover, the originality of the system offers sufficient
competitiveness in the foreign market as well as economic efficiency and price

competitiveness.
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e ol
602 m)7}
2008 ]
g 71538t

=

ATh ¥ 2229 #Zo] FHE =ol7k A4l =obAal e =%t 400mE

& Aow oAE otk oA o ATAME 400m o4l mEF| et &
gHo2 gea & gl ATWS Aol & Ao Aern.

F 221> o] Ao ApEae] o A

Main | Pylon
No.| Bridge Name | Location | Built | deck Pylon Remark
Span H
1 Cassagne France | 1909 steel steel 156 -
2 Lezardrieux France 1925 steel steel 112 -
Tempul
3 Spain 1925 | concrete | concrete | 60.35 -
Viaduct
4 | Narin River Russia 1936 steel - 132 22 -
5 Pierrelatte France 1952 | concrete | concrete 81 -
s
6 Stromsund Sweden | 1955 steel - 182.6 |27.694
5
o] %%
7 Buchenau Germany | 1956 | 73§HA steel 53.8 9
)
Theodor
8 Germany | 1957 steel steel 260 -
Heuss
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
9 | Beton City USA 1957 | concrete - 52 -
T3
10 Katsuse Japan 1960 steel |concrete| 128 15.3 .
Zg
North =3
11 Canada | 1960 steel steel 61 18.3
Romain e}
A
12 Severin Germany | 1961 steel steel 302 7.2
T
79
13 Maracaibo Venezuela | 1962 | concrete | concrete | 235 86.6 .
TH
Julicher- A3
14 Germany | 1963 steel - 987 | 1734
Strabe TH
Juikcher U+
15 Germany | 1963 steel steel 98.7
Strasse Bridge T
79
16 Jinnou Japan 1963 steel steel 80 21.33 §
TH
Polcevera
17 Italy 1964 | concrete | concrete| 207.9 45 -
Viaduct
George- Great U+
18 1964 steel |concrete| 1524 | 51.8
Street Britan T
13
19 Dnepr Ukraine | 1964 | concrete - 144 63 .
TH
Leverkusen U3
20 Germany | 1965 steel steel 280 49.3
Bridge T
Great d+3
21 Wye 1966 steel - 2347 | 29.3
Britan 5
DR
22 Maxau Germany | 1966 steel - 175 | 48.25
5
979
23 Maya Japan 1966 steel steel 1394 33
]
SE=
24 Necker Germany | 1966 steel |concrete| 77 18.8 §
TH
Friedrich
25 Germany | 1967 steel steel 280
Ebert

30 —
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
26 | Rees-Kalkar | Germany | 1967 steel steel 255 -
27 Magliana Italy 1967 | concrete - 145 34 -
o] %%
28 Isles Canada | 1967 steel |concrete| 105 51
g
29 Hawkshaw Canada | 1967 - steel 217 -
A¥
30 | Ludwigshafen | Germany | 1968 steel - - 71.7
Z 5
H3
31 Luangwa Zambia | 1968 | 7+3sHA steel 222
5
=3
32 Onomichi Japan 1968 | concrete | steel 215 [39.335 .
TH
A
33 Batman Australia | 1968 steel steel 204.74 91 AY
TH
Stahlhochstras A3
34 Germany | 1968 steel steel 139.75 | 43.3
se 5
Netherlan A3
35 Harmsen 1968 steel steel 108.6 | 49.3
ds )
Hafenbahnbruc
36 Germany | 1968 steel |concrete| 77 -
ke
=3
37 Knie Germany | 1968 steel steel 319 114.1 .
T A
Papineau-Lebl d+3
38 Canada | 1968 steel steel 240.7 | 384
anc e
Toyosato A%
39 Japan 1970 steel steel 216 |34.873
grand TE
959
40 |Paris-Massena| France 1970 steel steel 161.4 33 §
T
Arakawa U3
41 Japan 1970 steel steel 160 34
grand e}
Great
42 Erkine 1971 steel - 305
Britan
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Great A3
43 Erskine 1971 - - 304.9 38
Britan TE
Kurt H&
44 Germany | 1971 steel steel 287 | 77.93
Schumacher 5
45| Wadi Kuf Libya 1971 steel |concrete| 282 54.1 -
Bratislava A%
46 Slovakia | 1972 | concrete | steel 303 84.6
Danube T5
A3
47 Hainburg Austria | 1972 steel steel 228 | 76.33
5
A3
48 Hainburg Australia | 1972 steel - 228 | 76.33
Fg
959
49 Linz Australia | 1972 steel - 215 67.8
&
959
50 Voest Austria | 1972 steel steel 215 | 69.26
TH
Netherlan A T3
51 Galecopper 1972 steel steel 180 34
ds T
A¥
52 | Ishikarikakou Japan 1972 steel steel 160 34
5
John
o] %%
53 O’Connel USA 1972 steel steel 137.2 | 3047 §
#g
memorial
Heer e
54 Belgium | 1972 steel steel 124 40.7
Agimont e
Danaubrucke A3
55 Germany | 1973 steel - 290 815
Deggenau e
Chaco-
56 Argentinia| 1973 | concrete - 245 47 -
Corrientes
959
57| Kwang Fu | Germany | 1973 steel - 610 155
5
Sacramento
53 Argentinia| 1973 | concrete - 900 -
River
A¥
59 | Saint Nazaire| France 1974 steel steel 404 .
T e

32 —
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
A
60 Kohlbrand Germany | 1974 steel - 325 98 -
=
61 | Waal River Holland | 1974 | concrete - 267 46.2 -
Daikoku 73
62 Japan 1974 steel steel 1654 | 42.68
Grand e
63 | Barranquilla | Colombia | 1974 | concrete - 140 -
Rio 3
64 Colombia | 1974 | concrete | concrete| 140
Magdalena T
O
65 Franklin Germany | 1974 steel steel 125.3 | 19.05
Fg
=3
66 Daikoku Japan 1974 steel steel 165.4 | 42.68
T
o] %4
67 Yamato Japan 1974 steel |concrete 83 13.2 .
#g)
ENE
68 Rande France 1974 steel steel 900
5
H3
69 | West Gate | Germany | 1974 steel - 407 204
&
Pasco-
70 Holland | 1974 | concrete - 404 154 -
Kennewick
H3
71 Neuwied Japan 1974 steel steel 350
5
72 Raiffeisen Colombia | 1974 | concrete - 350 116 -
73 Godsheide Colombia | 1974 | concrete | concrete| 288 99.13 -
Bridge over
74 Germany | 1974 steel steel 215 76 -
the arno river
A
75 Bybrua Japan 1974 steel steel 177 64.4
&
76 Yamato Japan 1974 steel |concrete| 171.88 -

33 —
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
A
77 | Saint Nazaire| France 1975 steel steel 404 68
T
Suehiro A3
78 Japan 1975 steel - 250 | 47.75
Grand el
Kamome A3
79 Japan 1975 steel steel 240 45
Grand T
Danube
80 Austria | 1975 | concrete | concrete| 119 16
Canal
81 |Saint Nazaire| France 1975 steel steel -
Moscow AY
82 Russia 1976 - - 300 125
Dnepr River T
Netherlan Aqd+3
83 Ewijk 1976 steel - 270 51
ds e}
959
84 | Oberkassel Germany | 1976 steel steel 257.8 100 §
-4
Rokkou 73
85 Japan 1976 steel steel 220 |56.541
Grand e}
o1 %9
86 | Shin Grand Japan 1976 steel steel 103.8 | 37.78
5
Zarate— =3
87 Argentinia | 1977 steel |concrete| 330 | 1115
Brazo Largo T
83 Brotonne France 1977 | concrete | concrete | 320 70.4 -
Speyer A%
89 Germany | 1977 steel steel 275 | 87.05
Bridge Ty
d+3
90 Arno Italy 1977 steel - 189 50
Zg
91 Carpineto Italy 1977 | concrete - 181 28.87 -
Suigou dT+3
92 Japan 1977 steel steel 1789 | 472
Grand T
A¥
93 Eisai Japan 1977 steel steel 144 4851
58
94 | Kwang Fu Taiwan | 1977 | concrete - 134 20.4 -

34 —
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Sacramento =3
95 USA 1977 steel steel 134 14.6
River TH
R
96 Rande Spain 1978 steel |concrete| 54.8 235
5
e
97| West Gate | Australia | 1978 steel - 400.1 | 37.2 .
T A
Pasco- H3
98 USA 1978 | concrete |concrete| 336 | 24.54
Kennewick T
Ad
99 Neuwied Germany | 1978 steel steel 299 35.5 .
T A
TF 4
)
100| Raiffeisen Germany | 1978 steel steel 2352 | 355
AY (L
=)
o] >3
101| Godsheide Belgium | 1978 steel - 235.2 26
TE
Bridge voer 74 A
102 Italy 1978 steel - 2102 | 224
the arno river TE
A3
103 Bybrua Norway | 1978 steel |concrete| 206 155 .
T A
A3
104| Steyregger Austria | 1978 | 34 - 161.2 | 249
g
ENg
105 Flehe Germany | 1979 | concrete | concrete| 368 41.7 .
T A
=3
106 Save Serbia 1979 steel - 2537 | 165
5}
A3
107| Steyregger Austria | 1979 | 734 steel 1612 | 24.8 .
TH
108| Ebro River Spain 1979 | concrete - 146 -
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
A (L
Gasshyiu =)
109 Japan 1979 steel steel 144 10.5 i
Grand =3 (2
4)
Great
110 Lyne 1979 | concrete | concrete | 54.87 | 11.56 -
Britan
Netherlan =3
111 Willems 1980 steel steel 270 34.3
ds T
Switzerlan
112 Ganter 1980 | concrete - 174 -
d
Danube
113 Bridge at Germany | 1980 | concrete | steel 145 30 -
Metten
Sancho El
114 Spain 1980 | concrete | concrete| 137.1 | 28.9
Mayor
Great
115 Myton 1980 steel - 55.6 32
Britan
116 Sloboda Serbia 1981 steel steel 351 2'7.68
A3
117 |Fourth Mosul Itaq 1981 | concrete | concrete| 76 315
T
Luling
A3
118 | (Mississippi USA 1982 steel steel 3725 |25.604 .
TH
River)
Great o]
119 Kessock 1982 steel steel 240 | 21.92
Britan T
Barrious de
120 Spain 1983 | concrete | concrete | 440 22.5 -
Luna
121 Tanaro Italy 1983 steel steel 114.3 30
Alba
122 Elevated Italy 1983 | concrete | steel 114.3
Highway
Netherlan
123 Ijssel 1983 - - - -
ds
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
R
124 THUR Taiwan | 1984 | steel |concrete| 200 | 72.17
T
DR
125| Adhamiyah Iraq 1984 steel steel 1825 | 52.6 .
T A
Takanashi 73
126 Japan 1984 steel src 100 32.5
Grand T
A3
127| Meiko Nishi Japan 1985 - steel 405 122
Z5
Ad
128 | Meikou Nishi Japan 1985 steel steel 405 122 .
T A
A3
129 Faro Denmark | 1985 steel |concrete| 290 95
Fg
East )
130 USA 1985 | 7s+A | concrete | 274.32 -
Huntington
Ad
131 Chichibu Japan 1985 steel src 153 40
T
Switzerlan
132| Diepoldsau 1985 | concrete | concrete| 97 -
d
133| Alex Fraser | Canada | 1986 | J&A |concrete| 465 -
3
134 Alcoy Spain 1986 | concrete | concrete| 110 50 §
Zg
Saint- Switzerlan ] A%
135 1986 | 34 | concrete| 93 26
Maurice d 5
=3
136 A.Fraser Canada | 1986 steel |concrete| 465 152.9
5
137 Rama IX Thailand | 1987 steel steel 450 85.8 o
Sunshine
138 USA 1987 | concrete | concrete | 366 73.76 -
Skyway
Dongying =3
139 China 1987 steel steel 288 69.7
Bridge e
R
140 Quincy USA 1987 steel pC 274.3 | 71.37 g
=
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Weirton- i AE
141 USA 1987 | 73t pc 2499 | 111.3
Steubenville T
A3
142 Yasaka Japan 1987 steel steel 240 46.5 .
T A
143| Kkatsushika Japan 1987 steel steel 220 65 o
144 | Torikainiwaji Japan 1987 steel steel 200 48.8 Ad
H3
145| Iwakurojima Japan 1988 steel |concrete| 420
Z 5
H3
146 | Hitsuishijima Japan 1988 steel |concrete| 420
5
3
147| Iwagurojima Japan 1988 steel steel 420 152.3 .
TH
ol o]
148 Tampico Mexico | 1988 steel |concrete| 360 1235
2
Tokachichuuo A¥
149 Japan 1988 steel |concrete| 250 52
u T
959
150 Aratsu Japan 1988 steel steel 184.2 60
Fg
ENg
151 Pertuiset France 1988 | concrete | concrete | 132 56 .
#5)
152 AKkkar India 1988 | concrete | concrete| 77 54.6 -
R
153 | Hitsuishijima Japan 1988 steel steel 420 |143.46 .
T A
160.5,1 A3
154| ‘Tempozan Japan 1989 steel steel 170
52.0 T
Yokohama H¥
155 Japan 1989 steel - 460
Bay T
156 | Dames Point USA 1989 | concrete | concrete| 396 92 -
Sugaharasiroki A3
157 Japan 1989 steel steel 238 445
ta Fg
=g
158 Wandre Belgium | 1989 | concrete | concrete| 168 95.5
)
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Switzerlan
159| Chandoine 1989 | concrete | concrete| 140 30.3 -
d
Lumberjack’s A3
160 Finland | 1989 | concrete | concrete| 126 47
Candle el
R
161 Nishhaga Japan 1989 steel steel 116 437 .
T A
Shima- HE
162 Japan 1989 | concrete | concrete| 114 47
maruyama T8
3
163 Nakaupo Japan 1989 steel steel 65 30
5
R
164| Fudoskutsu Japan 1989 steel steel 445 21 .
TH
165| Tempozan Japan 1990 - - 350 -
A3
166| Obere Argen | Germany | 1990 steel steel 250 55 .
T4
Bannaguro dT+3
167 Japan 1990 steel steel 140.4 45
grand )
A3
168| Hikihara 1 Japan 1990 steel steel 124 48
&
Kamitsu 73
169 Japan 1990 steel steel 106.5 43
grand T8
3
170| Kamitsuma Japan 1990 | concrete | concrete| 103.7 | 45.39 .
T A
o153
171 Gilly France | 1990 | concrete | concrete| 102 33.8 .
T A
Airside o]+
172 Japan 1990 steel steel 885 49.5
access T
o] %%
173 | Bittorio Sora Italy 1990 | A$HA |concrete| 70 | 34.88 .
T
A3
174| Skarnsundet | Norway | 1991 | concrete | concrete| 530 152 .
=
59 A%
175 Ikuchi Japan 1991 steel 490 123
psc/st T
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Queen Great .
176 1991 | 73t - 450 137 -
Elizabeth Britan
A3
177| Helgeland Norway | 1991 | concrete | concrete | 425 .
T A
178 Nanpu China 1991 | &4 - 423 -
Talmadge H3
179 USA 1991 - - 335
Memorial e
DRSS
180 Sakitama Japan 1991 steel steel 190 80
5
181 |Isere Viaduct| France | 1991 - concrete| 156 94 -
DR
182 Isere France 1991 | concrete | concrete| 156 94
&
A3
183 | Heisei grand Japan 1991 steel steel 125 45
TH
H3
184 Oxford France | 1991 | concrete | concrete| 119.5 48 .
T A
A
185 Alamillo Spain 1992 | concrete | concrete| 250 162 .
Z=E
‘?:_J—zruﬁé
186 Alamillo Spain 1992 steel src 200 142
Z5
187 Bourgone France 1992 - concrete| 152 -
N
188 Chuuou Japan 1992 steel S 1385
5
459
189| Fuchuuko Japan 1992 steel S 130 53
5
La Arena .
190 Spain 1992 | Z+3+A4 S 105 -
Viaduct
191 | Potos Street Spain 1992 | concrete S 76
R
192 Iwazu Japan 1993 steel |concrete - 55
5
ENe:
193] Yang Pu China 1993 | “3+A4 - 602 223 §
Z4
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Higashi
194 Japan 1993 steel - 485 -
Bridge
Second i =3
195 India 1993 | A4 S 457.2 122
Hooghly =N
R
196 | Karnali River| Nepal 1993 steel S 325 |124.55 .
T A
Dnepr River
197 Ukraine | 1993 - - 271 -
South
H3
198| Tahtiniemi Finland | 1993 steel S 165 105 .
T A
Hattabara AE
199 Japan 1993 steel S 1442 | 53.57
gradn =
Victor Luxembou U+
200 1993 | concrete | concrete| 130 105
Bodson rg T8
Paterna
oIy
201| Technology Spain 1993 - S 64
5
Park
H3
202 Saame Finland | 1993 steel S - 117
5
9y 4
203 Tsurumi Japan 1994 - - 510
Z5
A3
204 | Tsurumikouro Japan 1994 steel S 510 182
Fg
Tsurumi
205 Tsubasa Japan 1994 steel - 510 -
Bridge
959
206 Iroise France | 1994 | concrete - 400
5
Second
207 | Macao-Taipa China 1994 | concrete - 112 -
Crossing
Great HE
208 jackfield 1994 steel S 57.6 30
Britan 5
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
E-3tpsc/ qY¥d
209| Normandy France | 1995 concrete| 856 |214.77
st TH
Tonglin,
2101 Yangtzew China 1995 | concrete - 436 -
River
Fred
211 USA 1995 steel |concrete| 381 133 -
Hartman
Houston ~Ship ) A
212 USA 1995 | 734 |concrete| 381 | 129.8
Channel TH
Chesapeake
213| & Delaware USA 1995 | concrete | concrete | 229 102 -
Canal
Schaffhausen |Switzerlan =3
214 1995 | concrete | concrete | 125.26 | 51.5
N4 Rhine d 5
979
215| Lerez River Spain 1995 | concrete | concrete| 125 .
T A
Second )
Great Hs
216 Severn 1996 concrete| 456
Britan TE
Crossing
Netherlan AL
217 Erasmus 1996 steel steel 280 139
ds AFH
qY¥
218 Replot Finland | 1996 steel |concrete| 250 82
5
A3
219| Sunmarine Japan 1996 | concrete | concrete| 130 61 §
#9
Ad
220 Xupu China 1997 steel - 590 217
T4
Kap Shiu E-3psc/ HE
221 Hongkong | 1997 concrete| 430 133
Mun st T
222 | Batam-Tonton | Indonesia | 1997 | concrete | concrete | 350 199 -

42 —
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
Dee River Great
223 1997 - - 294 118 -
Crossing Britan
H3
224 | Karkistensalmi| Finland | 1997 - - 240 .
T A
Hauchinohe d+3
225 Japan 1997 | concrete | concrete| 100 47
port FEr
226| Meiko Chuo Japan 1998 steel - 590 -
227| Ting Kau |Hongkong | 1998 | 34 |concrete| 448 194 -
Vasco da Hs
228 Portugal | 1998 - concrete | 420 155
Gama TH
Switzerlan
229 Sunniberg 1998 | concrete |concrete| 140
d
Czech A3
230 Marinsky 1998 steel steel 123.5 60
Rep. T
Sydney
231 Australia | 1998 | concrete | steel 105 34.5
Airport
Y
232| Aire du jura | France | 1998 | concrete |concrete| 60 .
Fg)
Netherlan o3
233| Mastenbrot} 1998 steel |concrete| 56 43.35
ds T
ENE
234 Tatara Japan 1999 steel steel 890 220
5
ENE:
235 Ayunose Japan 1999 | concrete | concrete| 200 70 .
T A
Hispanoameric &-3lpsc/ o]+
236 Spain 1999 concrete| 120 41
a st T
Netherlan o3
237 Twistvile 1999 | concrete | steel 56 35
ds et
Nanii
anjing _ o1y
238 Second China 2000 | A4 - 628
T

Yangtse River
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
o] %4
239 resund Denmark | 2000 steel |concrete| 490 203.5
T
Seo—Hae i H3
240 Korea 2000 | A | concrete| 470 180
Grand el
Lijatuo,
241 China 2000 - - 444 -
Yangtze River
- A‘o
242 Uddevalla Sweden | 2000 | Z34d |concrete| 414 140 §
T
H3
243 Surgut Russia 2000 steel steel 408 146
5
Wuhu
244 China 2000 steel 312 -
Yangtze River
Tarascon- H3
245 France 2000 | concrete |concrete| 192
Beaucaire T5
ENE:
246 Mermaid Poland 2000 steel |concrete| 180 875 .
=
273
247 Liege Belgium | 2000 | concrete | concrete| 162 76
T
953
248 Himinoe Japan 2000 | concrete | concrete| 112 51 §
T
Qingzhou )
249 China 2001 | &34 - 605 -
Minjiang
Junshan
250 China 2001 steel - 460 -
Yangtze River
Sydney &
251 USA 2001 | concrete | concrete| 381 146
Lanier e}
Dubrovnik &3tpsc/ AYY
252 Croatia | 2001 concrete | 304.05 | 1415
Most st T
v
253 Grijalva Mexico | 2001 | concrete | concrete| 116 40 .
T4
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
DR
254 Milenio Spain 2001 | concrete | concrete | 110
T
953
255 Lipon Finland | 2001 | concrete | concrete| 70 .
T A
Rosario- HE
256 Argentinia | 2002 - - 330
Victoria =
OEaS
257| Ser1  Saujana | Malaysia | 2002 | concrete | concrete | 300 73 §
Zg
ENe:
258| Rama VI | Thailand | 2002 | %4 |concrete| 300 163
5
SR
259| Rlughafen Germany | 2002 steel steel 2875 81 i
3
3}
260| Niederrhein | Germany | 2002 steel steel 275 34.2 .
[e]
Leonard
oIy
261|.Zakim Bunker USA 2002 steel - 227 984 .
T A
Hill
IV
262 Taney Ireland | 2002 | concrete | concrete | 108.5 50
5
T3
263 | Mario Covas Brazil 2002 | concrete | concrete| 85 56 §
Zg
o1 %
264| Sixth street USA 2002 | concrete | concrete 60 39.6 .
TH
o] %
265 Blautal Germany | 2002 | concrete | concrete| 41 20 .
T A
Rainha Santa ) d54
266 Portugal | 2003 | %34 |concrete| 1865 | 90
Isabel T
959
267| La Uniidad | Mexico | 2003 | %4 |concrete| 185 134 e
TH
ENE:
268 Boyne Ireland | 2003 | “+&4 |concrete| 170 95 )
Z=E
Seri ] %1;:'63
269 Malaysia | 2003 | concrete | 4374 | 1685 96
Wawasan T
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Main | Pylon
No.| Bridge Name | Location | Built deck Pylon Remark
Span H
959
270 Ukai Japan 2003 | A4 steel 154 60 =g
=
Netherlan ) A+
271 |Prince Clusus 2003 | A | concrete| 150 91.7
ds 5
Netherlan ) A%
272| Eilandbrug 2003 | F&A | concrete| 150 95
ds g
959
273 Pedar Colombia | 2003 | concrete | concrete| 121 50
i)
274| Rion-Antirion | Greece | 2004 | 734 | concrete| 560 -
Lutzana A3
275 Spain 2004 | concrete | steel 108 46
swing e
Nanjing
276 | Third Yangtse| China 2005 - - 648 215 -
River
Millau i AdF3
277 France | 2005 steel ARSI 342 90
Viaduct &
959
278| Millennium Serbia 2005 | concrete | concrete| 145 57 - %o
=
Puget-Thenier o] 73
279 France | 2005 | concrete | concrete 66 25
S T
Leonard
o1y?]
280 p.Zakim USA 2005 steel steel 227 98.4 §
=E
Bunker Hill )
A
281 Sutong China 2008 steel |concrete| 1088 306 .
T4
Sutonecutter i
232 Hongkong | 2008 | %4 |concrete| 1018 | 290 -
Bridge
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= - interval
= =
w
100+ 80l
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Initial strength under load , N/mm?
<9 225> g@dAdEd e Aeste) R A=)

(Reichverger and Jaegermann, 1980)
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<9 2.2.15> GPS91A ¢ A

(http://www.gps.re.kr/outline/outline_2.asp)

H% GPS 918

R=r+p

p R:XYZor 9?15, 215, =0|(n| x| 2h
a7 \R (alz|2 gxjuc)y  r: 2 HolA AMSE A ALE A
p o] i x AR AL A A

<y 2216> GPSYY MY =

(http://www.gps.re.kr/outline/outline_2.asp)
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<Y 2217> GPS FARA <% 2218> GPSHA A=W =5

(http://www.howhow.co.kr/html/gps03.html)  (http://joongyup.egloos.com/m/9173909)
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Campoter Local Data [—— =5
UMY servers, Acquisiion == =55 L. 4 qrs
Windows T Station - Tsimg e Raver
Workstatiung Ma Bridge L e Stalions
GPS == =8
GPS Glabal Local Data ———
Cnmp“ter Acquisition Station [—.— —e= & GPS
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<9 2220> T Avtdiale] GPS #E Ala" A= (714, 2007)

! é Daily Temperature at Burbank Airport
10
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Observed and Predicted Dam Deformation
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Residual Dam Deformation
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Water Elevation
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1200 1400
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(http://factor.gps.caltech.edu/node/61)
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<19 2.223> Libby Dam A} GPS A= &g (v]=F)

(http://joongyup.egloos.com/9173838)
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tH(Clement Ogaja et al, 2001).

<19 2224> RTK-GPSE ol &3 131w 2UHA (A7F%)
(Clement Ogaja et al, 2001)

olgelots] A% FHUWAL EFE FEAS GPSE olgdtel AZstol

4

Structural identification analysis, Thermal analysis ¥ Wind analysis& %3t

ZA otAA HE &85t YTHN.E. Cazzaniga et al, 2006).

<9 2.225> A ZE S xAY] kA AE (olgEo})
(N.E. Cazzaniga et al, 2006)
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<E 2.2.26> A GPS ASA = (dE)

(http://joongyup.egloos.com/m/9173832)
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<9 2227> kT 2E HAF (F7)
(V.Ashkenazi et al, 1998)
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(a) Top Deck (b) Working Deck (c) Hangingr Deck
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Lattice Girder

Tower Crane
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<} 311> st% T+
T Earaca
LC1 structural dead load
LC2 dead load platform beam
LC3 live load from platform beam
LC4 dead load working platform
LC5 concrete pressure
LC6 friction force from sliping
LC7 deadload hanging platform
LC8 liveload hanging platform
LC9 live load working platform
LC10 wind
LC11 wind load 60m/s
LC12 storage load
LC13 live load hanging deck?
LC14 live load working deck?

<X 312> 839 &Fx3%
Platform Z3t%
Working platform Hanging platform |, agE
= = Beam = i
k= | A% zo o] AT
<a ANaE|BeE | A E [RetE1 R e B et E | Rer sl |geEY S
A E
LC1 | LC2 | LC3 | LC4 | LCY9 | LC14 | LC7 | LC8 | LC13 | LC5 |LC6|LCI0|LCI1
col| O O O O O O O O O] O
coz2| O O O O O O O O O O O] O
co3| O @) O O O
3E 313 siAelA Ed 37HA steERds AEeds Wl A 1A elA
s W 275 Ayld Aotk GBGAIOIA A AE oAt EHE S
AR 9F vlast s vl AL A 29 E 9 F USS & F UG
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<3 313> A vy Hlaw
st 231 St 232 Sl 233
GBG MIDAS GBG MIDAS GBG MIDAS
[kN] [kN] [kN] [kN] [kN] [kN]
P1 31.09 31.00 21.10 15.40 3.72 3.60
P2 24.59 24.50 18.62 18.50 477 4.70
P3 24.58 20.20 26.30 23.40 6.18 6.10
37| stexds AEstds "o g3 A= FAES 19 3113 ~
3.1.21°1 YERH
Z3 1), 939
~ 3.1.18&
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<E 314> a3 AU 5gge

&9 [kN/em?] S A& [kN/em?]
o 2]
e | desd | u | AUed | 9849

PRO 200x100x6.3 7.49 25 0.30 1.69 14.43 0.12
FlatBar 100/160 5.48 28.64 0.19 0.374 16.53 0.02
RO 48.3x4.0 145 21.36 0.68 16 12.33 0.13
PRO 100x60x5.0 1.8 32.27 0.06 0.554 18.63 0.03
2UR U120-100 1.44 21.36 0.07 0.167 12.33 0.01

RD 20 0 20.45 0 0 11.81 0

3. Mgl SHEAN2HY Z2EES 4F

A 3F 2% L FRUE /&S gon Audd g Ase &
o ZREHg 4A% FYst AAEUS s Vuw SPEA L] 0@
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ol A4S aelate] 1.25m= AAs AT 8239 FehA
om, Arddate R di(top deck), 72l (working deck), skt
(hanging deck)s 3To® FASATE &HFE 71 Alz=do] gelope2 I
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<E 315> FH Algkold ve 9% wdd A4

0] o

[mm] Almm] Blmm] Clmml] DImm)]
1250 4000 3938 4650 4531
1500 3987.5 39255 4637.5 45185
1750 3975 3913 4625 4506
2000 3962.5 3900.5 4612.5 4493.5
2250 3950 3888 4600 4481
2500 3937.5 3875.5 4587.5 4468.5
2750 3925 3863 4575 4456
3000 3912.5 3850.5 4562.5 44435
3250 3900 3838 4550 4431
3500 3887.5 3825.5 4537.5 44185
3750 3875 3813 4525 4406
4000 3862.5 3800.5 4512.5 4393.5
4250 3350 3788 4500 4381
4500 3837.5 37755 4487.5 4368.5
4750 3825 3763 4475 4356
5000 3812.5 3750.5 4462.5 4343.5
5250 3800 3738 4450 4331
5500 37875 37255 44375 43185
5750 3775 3713 4425 4306
6000 3762.5 3700.5 44125 42935
6250 3750 3688 4400 4281
6500 3737.5 3675.5 4387.5 4268.5
6750 3725 3663 4375 4256
7000 3712.5 3650.5 4362.5 42435
7250 3700 3638 4350 4231
7500 3687.5 3625.5 4337.5 4218.5
7750 3675 3613 4325 4206
8000 3662.5 3600.5 43125 41935
8250 3650 3588 4300 4181
8500 3637.5 3575.5 42875 4168.5
8750 3625 3563 4275 4156
9000 3612.5 3550.5 4262.5 4143.5
9250 3600 3538 4250 4131
9500 3587.5 3525.5 4237.5 41185
9750 3575 3513 4225 4106
10000 3562.5 3500.5 42125 4093.5
10250 3550 3488 4200 4081
10500 3537.5 34755 41875 4068.5
10750 3525 3463 4175 4056
11000 3512.5 3450.5 4162.5 4043.5
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<E 316> SHF VIEAIEH A AA = 5=
== W 11
1 | SdEA2E QA golobx 1% 3131
2 | &3-a1d v X =(Upper Yoke Channel) 19 3.1.32
3 | 8a-a1d wix]%=(Yoke Channel) 19 3.1.33
4 | AH-d = (Top Deck) a9 3.1.34
5 | 29 d = (Working Deck) 19 3.1.35
6 | 3F5d = (Hanging Deck) 9 3.1.36
7 | Working Deck Bracket
8 | Working Deck Post
9 | Waller-Normal
10 | Waller-Corner
11 | Form Panel 1250x100
12 | Form Panel 1250x250
13 | Form Panel 1250x580
14 | Form Panel Corner 1250x250
15 | Yoke Leg
16 | Upper Yoke Channel
17 | Upper Yoke Channel(# <)
18 | Yoke Channel
19 | Assist Yoke Channel
20 | Assist Yoke Leg
21 | Push-Pull Rod
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Apparatus for measuring concrete strength and slip form
% method for constructing vertical concrete column member E3 US
using surface wave velocity measurement device
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Average of Strain 0.014 0.015 0.011 0.011
400
"&;
300
% —SL-1
Z —SL-2
2 200
o —SLE-1
o
= —SILE-2
5 100
—
0
0.000 0.0058 0.010 0.015 0.020
Strain (mm)
<¥ 343> AbE AFAAA Y SY-MPF=E
< SixeletgatAlgit 1A [ASTMD638-08 1
Al oIEzT Bl
1 363 MPa 37.7GPa
2 390 MPa 23.5GPa
3 402 MPa 30.6 GPa
a4 386 MPa 30.0GPa
] 406 MPa 31.1GPa
B3 3894 MPa 30.58 GPa
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Crane Erection, Lifting Frames,
Incremental Launching, 28] 1 Sliding W¥ 5ol 321, &4 Crane Erection

A2 ASE A A b ge] AgE T Qe

ZAYE decke A B W43} Precast WA O RE U=m
WA o thA] Segmental WA 3} Full Span Al 02 Us F L.
q4 B W42 span by span 43 AL WAo] 91om span by span
Al O Seaffold HHA 3 MSS(Moveable Scaffold System) #2lo] 912, 70 |
W A2 Form traveller® AMg38h= WA o2 A thA] Underslung W47}
Overhead W2l o2 s = 5. olF A Scaffold ¥4 FAL7]7ko] Hol
Ao FA7E FAbo] AHFeA domz A AMEEHA gow ywx A 7}
A W (MSS, Underslung, Overhead)o] AF&% a1 Q1S
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Precast
Segmental
Decks
[
| | |
Incremental Span b
Launch Cantilever g any
Method p
|
\ | |
Scaffold Fl“&mg Gantries
rames
| | |
Crane Lifting Gantries Overhead Underslung
Frames

<719 6.2.5> Precast Segmental Decks

o 1% 625904 AAAHIY FUEx TS 1EHsYS W dA  Incremental
Launch Method, Lifting Frames, Gantries, Overhead, ~22] 31 Underslung {2

o] 7V wol AHgH I U FAY.

<71¥ 6.2.6> Incremental Launch

Method
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& 6.2.7> Lifting Frames

<zl

<719 6.2.8> Scaffold

<719 6.2.9> Gantries

on

il
o

juze]

o

N

viel

X
0

)A
Mo
)

-

)A
Ho

a7 o)

1ol wZty}t deck? o],

- 271 —



UMIISATAY ETCH T E

2158 DFE AS7IS WY HEEDN
dol, w7 wol, FxE F4 F), A&H A4, 1YL AF }F 5L B 5
2.

1o
op

oA A 2do2e 7|29 Ast 2=, segment®] o, B ¥4
o], wo]l 7 e vitrE Aue AF =59 ol & SAE A

T ER2E VIREAESAY ofF) H 4 A o]4F, segment HIE O] &0
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. Jacking and Skidding

A EmE AR Ak B3RS ANE A JNANERA Y EE

i

A58 A7} o] Fof Aokl
W Ada79aE A, A8 e FAAHe] FFH o PEw oo}

ot AL, AR, 2E]al AbSlo] gk @77t REGE =S A A H o of g
WA ARgHE o)FA ZIMES 670e] Ak, =d<l, Jacking
Skidding A%, 18] 31 SPMT(Self-Propelled Modular Transporters)2] A}-&
o] 7} %k

Jacking®} Skidding Al2¥1S £33t HIH o 2= Elevated building method,
Rotation method, Launching, Launching over girders, 123 Installing

bridges with SPMT %°] 2.
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<713 6.2.12> Box Jacking Method
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. Movable Scaffolding Systems

MSS(Movable Scaffolding Systme) &H-< 1. waFo g9l Hito] W7} ¥ &=

A (el o7 = AA AR el =l o)), 2. 1 A=, 30 AZ2 A=l F

MSS ¥l 24 cycle 50m A7 Ales 7HEslE ol of 25 tAo=

o] Fof A,
. Form-Traveller Systems

Form-Traveller A 2~8l-& post-tensioned box girder, 7|o]& A A uw# 181l
arch 2ol tha] Ay FHoZE A= A ZaE wdof A&

He s

T

Form-Traveller A ~81& Ao RE
ik 2ol web9 T, deck?]

super—elevations) &2 tst 7ol sl fgA 24| 7t &

ol A go] 7hsatH AaWE Aol

NI

3} 3% A E(gradient, curvature,

Form-Traveller= 19501171951 =< 9] Balduinstein A 9o #Ad¥ Lahn 1L

Foll Asoz 284,
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<713% 6.2.13> Lahn 1 %(62.09m)

5. Precast Full Span Method

o Precast Full Span Method®] W #H7Hd Hx&= dd FHd 150m(Taiwan High

Speed Railway Line)ol| ©o|& A== W&,

<719 6.2.14> Precast Full Span Method

o Precast full span method+= prefabricated =32 E w%2] span-by- span A
Aol AFEH L o, wEF e ngFy "oyl o Fite] HdXA¥ A
® formworkell A A 2Hg.

o Formworkel A A2t spane ®B% A# ot} @444 (transport carrier)ol)

ofs] wFHA FFE F viaduct(TH 6.2.14 Fx)ol o3 HA=H A A o]
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g, o]% F7FAQ Aulol o&) nzted $]x 3
o Full Span Method®] #-&

AT Bl 2THE A

AT Abele] joint il WS FEE A A & A AS

1. =2
2. &7
3. 7= e LA 2=

o Full Span Method #n]e] A& 7|5
1. %A beam?®] 3§ 3%
2. An 7 91X 3= spane] AW & %
3. span A|Ze] 914

o Z i Special carrier with underbridge®} Transport trolley
gantry7} FSM 0] 24 7} @o] AFE% I Q3.

<719 6.2.15> Transport trolley with

launching gantry
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<Z¥ 6.2.16> Special carrier with

underbridge

Special carrier with underbridge %8¢ %3
1. EXt ¢ & PC beam?& &4 &
2. 5% decko. 29 £4bo] A

3. Fgeld ®7] AAZE A e

Special carrier with underbridge #¥v] ¢ &%

KeX
=]

%

1. AZE Aol Algho]l 5.

2. AW 7F w9 FL Fhol A A HER kAo FAZF w4 Qe

3. 5ol AdgFE Do AV|7F AXoF st Hu} W2 F3te] a4,

Trolley with launching gantry 4] 2] #4

1. 21 Aol A Bl wE(3}9] launching gantryol thel ojzjthe] &4 #H]
= A" S,
] $- wE placing Al 7k

3 =2 adAA

Trolley with launching gantry ##®] ¢ &%

1. PC beam< *Wksl7] 9138 & gantry Zd o] &%,

2. B2 7IAIA a4so] dasty AA AR

Full Span Method 4|9 Fx&E39 Hdo#8S &X Hdstzd FxE0

Agy = 5 9 sksd A7 A+ Special carrier®] 745 271 W follA A

3l ARFZE Ao HPHrE L trolley A oA BT 25 Trolley &2
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2 A stzol deck Holl 283t

Special carrier underbridge &¥]& 1Zboll A anchoring®l o]&Esle] XX H 22
] ¢~ 7}3l anchoring®] &7%.

Launching gantry v HUth kst wgfo] 7P H = AW wzbe] B @

o o] 4§ .

- 278 —



Y| EATFTAY =Z A
SI1EtS8 AFHE MSI|E HE SASEIM

HM7&sangs

4-87(1995), “F te]l GPS F4171E o]&3 DGPS AY =97, =¥k
AR A, A 169 3%
A5 (1997), Aokl oA GPSe §-&, HIEET3]A] A 459 115
E3.(2000), “GPS(Global Positioning System) 7§ & % &~

(2005) Z=RAAAZE, APEREQ R alE g g

HA 5(2004), “SLIP FORM Al &4 32 E #JATAI G o3k QA 7] 4
A” CONSTRUCTION TECHNOLOGY REVIEW, SSANGYONG
A% (1998), “2J=r9] Fjusr FA#e] Al="l” sk 2383] %] A 107 3

5
A A, o] FA(2007) “tR ) FAE 918 Paraxial A AIZ9] {38 4347
St Akt 2 F e s =iy, A2k s], #1207 A3%, pp. 303-309

of\
o
[©
S
S
=
N
-

1

m
m o
=
vl
r {
r U
+
El
)
o
z
1o
:OL_‘,
4
SE
ot
0¥
-
ACh
~
&
>
o

- 279 —



Y| EATFTAY =Z A
SI1EtS8 AFHE MSI|E HE SASEIM

A A 174 1%

9Fe-8-(2003), “RTK-GPSE ©] &3 Astr|dEo] A Ao 47, d=FF

£

3 # A 2148 3%
2h9-8(2004), “RTK GPSE o] &8 o TxEe AN HHA 2" dx2

Forsl A A 229 15
2 5.(1999), “GPSel W9 A< eHel Wi 27, d=SFeI A Al 174 2
=

uE A (2005), “GPSE ol 8% mEAEe +@wsl wUHAALW, q@iE

3=y 27 214 5%

&2, o]F&(2007), “AEH (Pull-out Test)S &85 ZAZE FR2EY HFE
T4 A7, d=ZAYETSE b el R3] =EF, ppl045-1048
w824(2003), “AARopAA ] fA7IEH 2 87, AT ETSA A 169
2%, pp30-39.

o] 44 (2009),“ #=tlol B Ao FAANE F3 GOPS =4
o] gHE 5813] 2] #1294 A|1%, pp319-327

olgd, &+A4, A=(2005), "GPSE ©]&3 AAdV|E A ¥ nwzt Aley
g7l A AE, Ve 1

ol 2], o] 3T (2002) &3 £ EYEH o3 udE FAYES] 4
7}, Journal of the Korea Concrete Institute, Vol.14, No.6, pp973-981

A A 4(2008), "GPSAISS o] &3 ¥ A= e #g A, X

S
=
i
oz
ot
oz,

n)
oY
o
N

1% =537 Nob7, pp63-72
(F)AAE2 A FEE(2006), “AHNn Fo 4] A A"
A EA(SF), Slip-Form System Al & % =234

ANFE 9 320010, AFm FH AFA Hge] AEE A

r
AL

LA AoA =] SR, S A) e ] st s MR

A, o]9d(1997) “AMaitfudd £HF3H A A E(Mock-up Test)”, o
HA7=AH 97 A5, pp. 99-107

W A1(2005) Waveletd] 4], A7 A}

A2 (2008), “HE] GPS AAME o]&3 Aol Fddy AlAF el

— 2380 —



Y| EATFTAY =Z A
SI1EtS8 AFHE MSI|E HE SASEIM

W2 (2008), “duge] A FAE e GPSEUE Y Al =g sl gt
AT, FEIAPFAREI A, Al 167 32A T, AAF (2008) “AFn F7
ol £ AW sz, #2004, A2%, TH A7BE
3)(2002) £AYE AL AL, SarZAET S
&3 A7 AT
A 7] EA T4 (2001) “GPSEoFe] MR 7]% Zlwekad 7
< i}

= O
SERER L

LA E 7]

o,
N
N
o
(%)
(@)
(@)
x
BN
o
5‘.:
OEi
=

=

SRRy
F2AA/EATLQ009), BT E AR FE D AL A& AL, B
A8 %A T ATH A

S =2 FAH2009) AEEZFA AL AILA, S =2 T AL

A AT 3 L (F)FalZE g el A (20060 "2006 Suspension Bridge in the

ACI Commitee 318(2004) Building Code Requirements for Structural Concrete
and Commentary, ACI 318

ACI Commitee 347(2005) Formwork for concrete, ACI 347

ACI 347-04(2005) Guide to Formwork for concrete, ACI 347-04

A. Okukawa, N. Hirahara "Cable spinning for shimotsui-seto bridge”, A PY
£ ik, 455, pp7-20

Bedford, A. and Drumbheller, D.S.(1996) Elastic wave propagation, John Wiley
& Sons Ltd. New York.

B.Hofmann-Wellenhof,H.lichtengger, J.Collins(1992)."GPS o] &3} £&¢
Clement Ogaja et al(2001), “GPS and Building Monitoring Case Study:
Republic Plaza Building, Singapore”,

EM 1110-1-2009(1997) Engineering and Design Architectural Concrete, EM
Graff, K.F.(1975) Wave motion in elastic solids, Ohio State University Press.
Hurd, M.K.(2005) Formwork for Concrete, ACI 347
http://www.gps.re.kr/outline/outline_2.asp
http://www.howhow.co.kr/html/gps03.html

— 281 —



Y| EATFTAY =Z A
JEtSd IFE MIIE MY HSEINM

OH

http://joongyup.egloos.com/m/9173909

http://joongyup.egloos.com/9173838

http://joongyup.egloos.com/m/9173832

http://factor.gps.caltech.edu/node/61

M. Akiyama, Y. Kobayashi(1999) "Erecting technology for suspension bridge
cables”, KOBE STEEL ENGINEERING REPORTS, vol. 49, No.2, pp. 2-7.
M.]J] Ryall, G.AR. Parke, JE Harding(2000) "The manual of bridge
engineering”, Thomas Telford Ltd

N.E. Cazzaniga et al(2006), “Structural monitoring with GPS and
accelerometers: the chimney of the power plant in Piacenza, Italy”, 3
IAG/12th FIG Symposium

Nippon Steel Corporation(2003) "Civil Engineering & Marine Construction
Division”, Nippon Steel News, No. 305

N. J. Gimsing(1998) "Cable supported bridges concept & design 2nd edition”,
WILEY

Pauw, A.(1960) Static modulus of elasticity of concrete as affected by
density, Proceedings, ACI Journal, Vol. 57, No. 6, pp. 679-687.

Pessiki, S.P., and Carino, N.J.(1988). “Setting time and strength to concrete
using the impact-echo method”, ACI Materials Journal, vol. 85, no. 5, pp389
- 399

Pessiki, S., Johnson, M.(1994).“ In-place determination of concrete strength
by the impact-echo method”, In Baker, N. C.,, B. J. Goodno (Eds.),
Proceedings of the Structures Congress XII. Lehigh Univ, Bethlehem, PA,
USA, American Society of Civil Engineers (ASCE), New York, vol. 2,
ppl1340 - 1345

Reddy, J.N.(2006) An introduction to the finite element method, McGraw-Hill,
New York.

Reichverger, Z. and Jaegermann, C.(1980) “Optimal regime in slip form
concreting”, Materiaux et Constructions, Vol. 13, No. 74, ppl109-113

Shin, S'W., Yun, C.B., opovics, J.S. and Kim, J.H.(2007) Improved Rayleigh

— 282 —



Y| EATFTAY =Z A
JEtSd IFE MIIE MY HSEINM

OH

wave velocity measurement for nondestructive early—age concrete monitoring,
Research in Nondestructive Evaluation, American Society for Nondestructive
Testing, 18, pp45-68

Thomas Dum, Slipform works for pylons - Machang Bridge, GBG
V.Ashkenazi et al(1998), “Monitoring Vertical Land Movemenats at Tide
Gauges in the UK”, Proceedings of the 11th International Technical Meeting
of the Satellite Division of The Institute of Navigation (ION GPS 1998)
Viktorov, I.A.(1967) Rayleigh and Lamb waves, Physical theory and
applications, Plenum Press, New York.

Woods, R.D.(1968) Screening of surface waves in soils, J. Soil Mech. Founds
Div., ASCE, July 94, pp951-79

Y. Yamasaki, M. Yamashina(1996) "Cable Construction-Now and Future”,
15th Congress of IABSE, Copenhagen, pp721-726

Y. Yasutsugu, F. Rouvillain(1997) "Cable construction of the grate beld east
bridge”, #% o &, 97-55, pplb-22

B ARBLEE(1996) “HIE A MG — 7 VICBS 27, AN « dbiE 4ty >~ Ry
A

— 283 —



Y| EATFTAY =Z A
SI1EtS8 AFHE MSI|E HE SASEIM

Co] RuME SEMEFA AP AAV|sATANG e AR A dY T

ol BaA g EEsks W= e RGO AR AR e A

ol .

F 9 4

Zo3 Y& gojyor g £ FstIME

— 284 —



	#00-1.최종보고서 표지(2세부).pdf
	#00-2.제출문_요약서_목차.pdf
	#01.제1장_연구개발과제의_개요.pdf
	#02.제2장_국내외_기술개발_현황.pdf
	#03-1.제3장_연구개발_수행내용및결과_1절_변단면 슬립폼 시스템 설계 및 제작기술.pdf
	#03-2.제3장_연구개발_수행내용및결과_2절_초음파 및 스핀들.pdf
	#03-3.제3장 연구개발 수행 내용 및 결과_3절 시공정밀도.pdf
	#03-4.제3장_연구개발_수행내용및결과_4절_경량거푸집.pdf
	#03-5.제3장_연구개발_수행내용및결과_5절-목업실험 및 시험시공.pdf
	#03-6.제3장_연구개발_수행내용및결과_6절-결론.pdf
	#04.제4장_목표달성도_및_관련분야에의_기대성과.pdf
	#05.제5장 연구개발결과의 활용계획.pdf
	#06.제6장 연구개발과정에서 수집한 해외과학기술정보.pdf
	#07.제7장 참고문헌.pdf



