Application of MIDAS/Civil for the new Incheon 2nd Bridge

The new Incheon 2nd Bridge extends over a total of 12.3km, which links the city of Songdo on the mainland and
Incheon International Airport on the island of Youngjong in Korea. The main bridge is a cable-stayed bridge with
the center span of 800m over a marine passage for 100,000 DWT class vessels. The total length of the cable-
stayed bridge is 1,480m (80+260+800+260+80). A ship impact protection system is in place for the unlikely event

of a vessel collision.

The main cable-stayed bridge will become one of the world’'s longest cable-stayed bridges. The cable-stayed
bridge consists of 6 traffic and 2 shoulder lanes built out of a steel deck box section profile supported on two

inverted Y-shape main towers rising 230m high with PWS type cables.

In addition to the cable-stayed bridge, two other bridge structure types exist in the project. The two 889m long
approach bridges (7- continuous spans with 5-145m interior spans), which connect to the cable-stayed bridge at
each end, are constructed by a balanced cantilever method. Two elevated bridges, which are 2,450m and 5,950m

each in length (5-50m continuous spans), connect the approach bridges to the expressways.

SAMSUNG Engineering & Construction Joint Venture is constructing this project, which is being progressed on a

fast track basis. The designers of record are Seoyeong Engineering and Chodai Co., Ltd. The MIDAS/Civil bridge



software has been used for the overall design of the project, which includes the cable-stayed bridge and balanced
cantilever bridges. The analyses reflected construction stages. Some detail analyses were carried out also with
MIDAS/Civil, which contains general capabilities of finite element analysis. Some specific highlights of the analysis

capabilities of MIDAS/Civil for the cable-stayed bridge are outlined below.

Automatic calculation of Lack-of-fit forces during construction stages

The following two main components are required for the design and construction of a cable-stayed bridge:

1. Cable forces in the equilibrium state of the final (completed) stage satisfying the constraints

2. Cable forces at each construction stage

In order to find the above cable forces, the analysis for the equilibrium state of the final stage and forward/backward
analyses are carried out. MIDAS/Civil provides the functionality of “Unknown Load Factor Analysis” through which
the cable forces are found at the final stage satisfying the equilibrium state. Moreover, forward or backward
analysis is required to find cable forces at each construction stage. Applying appropriate pre-tension forces to the

cables at each construction stage, can we then accomplish the desired equilibrium at the final stage.

When we look at a construction stage of a cable-stayed bridge, the structure undergoes a deflection due to the self-
weight relative to the final stage geometry prior to the installation of the cables. In order to install the cables in the
deflected structure, the cables need to be tensioned by the magnitude of the deflection. The applied forces in the

cables are referred to as lack-of-fit forces.

In a forward analysis, the equilibrium state of the final stage is achieved when we apply the pre-tensions to cables
in a given stage, which are the sum of the cable forces of the final stage and the lack-of-fit forces at that stage for
each cable. MIDAS/Civil automatically calculates the lack-of-fit forces and adds to the pre-tensions defined by the
user. The user thus obtains the cable forces very easily for each construction stage by simply specifying the cable
forces in the equilibrium state of the final stage as the pre-tensions in the cables activated in the corresponding

stage.

Because it is impractical to apply time-dependent material properties such as creep and shrinkage in a backward

analysis, this functionality can be extremely useful for a forward stage analysis of a concrete cable-stayed bridge.

Forward construction stage analysis of a cable-stayed bridge reflecting large displacements
The center span of this cable-stayed bridge is relatively long, which may result in large displacements at each
construction stage prior to installing the key segment. Such a long span requires investigating the effects on the

structure from the stiffness changes as a result of large displacements.

Once the geometry and member forces at the final stage are found, it is relatively convenient to remove one



member at a time in the reverse order of construction. And large displacement analyses are independently carried
out for each construction stage backward in some software products. This approach of backward analysis can not
provide accurate results, and the capability of forward construction stage analysis becomes necessary for the

following cases:

1. Cable-stayed bridges with concrete materials, which contain time-dependent material properties such
as creep and shrinkage

2. Temporary supports are provided during construction

MIDAS/Civil provides true large displacement analysis capabilities for forward construction stage analysis.

Backward construction stage analysis of a cable-stayed bridge reflecting large displacements

For a backward construction stage analysis of a cable-stayed bridge, analysis for the equilibrium state of the final
stage must precede. Having found the cable forces and member forces of the towers and girders satisfying the
design constraints, can we then specify them as initial forces for a backward construction stage analysis reflecting

large displacements.

For the analysis of the equilibrium state in the final stage where a key segment is present, we need to be aware

that the structural system for the self-weight of the bridge is different from that for the superimposed dead load.

The Left structural system (Key segment excluded) is subjected to the bridge self-weight, and the Right structural
system is subjected to the self-weight of the key segment and superimposed dead load. Independent equilibrium
state analyses are separately carried out for the two structural systems, and the member forces of each structural
system are combined and specified as initial forces for the completed stage. MIDAS/Civil provides such

functionality to more accurately reflect the backward stage analysis of a cable-stayed bridge with a key segment.



3D model and bending moment diagram of the completed stage using MIDAS/Civil




