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Research on Reinforced Concrete Filled Pipe Structures
for an Ultra-long Span Bridge

Haijun WaNG

ABSTRACT

1. Introduction

Northeastern Japan has rich natural resources that will play an important role as it serves
as a new source growth of Japanese economy in the 21st century. Moreover, the new national
development plan has assigned Sapporo, Tokyo, and Fukuoka as an principal axis of Japanese
islands. The Seikan region (Aomori & Hakodate) is located along the new national axis and
is an important area where two national axes, a northeastern axis and a Japan Sea axis,
overlap. Therefore, it is necessary to built a connecting bridge for the Tsugaru Strait.

In this paper, a Tsugaru Strait Bridge was proposed and the reasonability of new structures
was demonstrated. As technical development of new structures for construction, experimental
studies on reinforced concrete filled steel pipe structures (RCFT) were performed. The
evaluation formula of the bearing capacity for RCFT structure has been proposed and tested.
2. Research on Tsugaru Strait Bridge

The Tsugaru Strait provides two favorable bridge routes. That to the east is 19 km wide
and 270m at its maximum depth. That to the west is 19 km wide and 140 m at its maximum
depth. With the Tsugaru Strait Bridge proposal RCFT towey, RC shell pier and jacket
foundation have been suggested. CENTER BRIDGE is consisted of 4 spans of 2,000 m-+4,000
m+4,000 m+2,000 m. In order to decrease the load on the main cables, CENTER BRIDGE is
proposed as a mixed bridge with suspension bridges in the center of span and cable-stayed
bridges near the towers. Pre-stressed concrete decks are proposed in the cable-stayed
bridges, and two separate decks of steel boxes stiffened with trusses are proposed in the
suspension bridges. The towers are steel structures in the upper portions and steel-concrete
composite structures in the lower portions. Three parallel main cables are used to carry the
loads in the suspension bridge section.

Results of the proposed Tsugaru Strait Bridge indicate that :

(1) As a compound bridge with suspension bridges and cable-stayed bridges, the Tsugaru
Strait Bridge as proposed can reduce bending in the central portion and can enhance resistance
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to partial loads.

(2) The Live-dead load ratio is smaller than general suspension bridge and the proposed
structure is economical.

(3) If the length of the cable-stayed bridge is the same as the main tower height, the
bridge’s mechanical characteristics appear adequate.

(4) The reasonable height of main towers is one tenth of the span.

(5) When shaping a sub-cable as a straight line, the rigidity of the entire bridge will be
reduced and displacement will increase. On the other hand, if a sub-cable is shaped like a
downward convex curve, the effect of the decreasing displacement will increase significantly.

Although thus reasonable structures are adopted in Tsugaru Strait Bridge, there great
displacements, axial compression, shear and bending moment are generated because of long
span. For this reason, it has been necessary to develop a new structure with economical,
exceptional mechanical characteristics and construction. This decision has resulted in the
research of a RCFT pipe structure.

3. Research on RC filled pipe structures for the Tsugaru Strait Bridge

In order to develop structures meeting the inquired performance in Tsugaru Strait Bridge,
pier and tower are simplified to pillars and beams and experimental study was carried out.

Rib-less pipes and rib owner pipes were used and compression experiments (pillars) and
bending experiments (beams) were carried out with the object under examination filled with
RC in various reinforced bar designs. The pipe’s performance can be verified. Concrete
intensity, modification performance, ductility, and rigidity can be improved sharply. It is as
follows when collecting the results:

(1) Reinforced-concrete filled pipe structures have a higher bearing capacity than steel pipe
and RC structures, and a compound effect is produced by the combination of different types of
material.

(2) Concrete intensity, modification performance, ductility, and rigidity can be improved
sharply in response to a strong horizontal restraint with steel pipe.

(3) By different form of reinforced bar design in filled concrete, the effective mechanical
action in response to shear can be improved. Consequently, as compared to a concrete-filled
pipe pillars, it appears that intensity, ductility, and rigidity are improved.

(4) When rib owner pipes are used, unification of steel and concrete is accomplished and a
greater compound effect is created. Outstanding mechanical characteristics have been demon-
strated.

(5) The evaluation formula of the bearing capacity for an RC filled pipe structure has been
proposed and tested, and it is identical to results from the experiment.

4. Research on the inner excavation method of construction for the Tsugaru Strait Bridge
foundation

The Tsugaru Strait Bridge foundation is considered to be a jacket structure. Direct hasic
stake is consisted of vertical and slanting piles. The center support of jacket is a pipe with
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about a 13-m diameter and in it is a steel-RC composite stake (12-m diameter) until base rock.
In order to achieve an adequate plugging effect and obtain a sustaining force at the tip of the
steel pipe pile installed via an inner excavation method, a doubled steel pipe pile method has
been developed. Experimental study was carried out. It is as follows when collecting the
obtained and the results obtained indicate that ;

(1) double pipe structure can fully retain the internal poured concrete and it can provide a
plugging effect at the tip that is superior to a structure with reinforcement ribs. Double pipe
structure can create a dome effect, bearing capacity and ductility can be improved sharply.

(2) The bearing capacity of a double pipe structure changes with the projecting length of
an outside pipe. If the projecting length of an outside pipe is 0.65D (D: diameter of inner pipe),
a near perfect plugging effect will be obtained at the tip bulb; it is indicated that a large tip
resistance can be achieved.

(3) Although the mechanical characteristics of double pipe structures is affected by the tip
shape of outside pipe, and is not readily affected by the tip shape of an inner pipe. If the tip
of outside pipe is made to a cut shape, the results of using the tip will prove adequate.

5. Future directions

In this study, Tsugaru Strait Bridge was proposed. Based on the result of the structure
proposal and analysis, a composite construction structure for the main towers and the founda-
tion has been studied. Furthermore, measurement date from the experiment with respect to
the effect of the size, the form of the load, and other information needs to be accumulated.
Once combined with theoretical research, a method for designing with RCFT structures will be
possible in construction.
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