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Development of Composite Concrete Packed Steel Segment
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Abstract

To equip underground spaces with infrastructures such as underground rivers and transportation
systems for the purpose of reviving urban areas, it is expected that these spaces will be constructed in a
deeper underground and the size of them will get larger. Therefore, the segment which covers the sur-
face of such structures needs to have high performance in terms of bending-resistance and water-resist-
ance. Authors developed a new composite concrete packed steel segment, Composite CP segment, which
can resist large earth and water pressure, by uniting steel with high tension resistance and water-tight-
ness and concrete with high compression resistance. This paper describes the characteristics of two
different Composite CP segments applied for different load conditions, and the evaluation of the struc-
tural performance and the design method of Composite CP segments based on the test results, and

reports a construction site where Composite CP segments are being used.
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Composite CP segment for light loading
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Cross section of CP segment (three types)
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Characteristics of each CP

Suitable tunnel condition

Type Design method Ground Inner water
Depth .
classification pressure
CP segment
. . Steel structure - Soft Large
with 4 main girders
Composite CP segment Composite
- Deep Soft -
for heavy loading structure
Composite CP segment Composite Deep Hard Middle
for light loading structure Shallow Soft Small
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Strain of skin plate, main girder and steel bar averaged along the width of
segment (i)
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Strain distribution along the height of segment
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Jack thrust load
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Relationship between moment and angle of joint rotation
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Specimen of composite CP segment for light loading
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Calculated and measured maximum moment

Effective width Calculated
Measured
of skin plate RC S
200 144.6
Maximum All 0.98 136
Moment 0.98) (1.36) 196.2
25 times 182.2 87.0
(kN *m) .

at each girder (1.08) (2.25)

* Values of inside brackets are measured monent - caluculated moment ratio.
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Calculated stiffness(RC)
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% Every calculated value is assumed
that all skin plate is effective.
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Relationship between moment and curvature
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Strain distribution of skin plate and girder (at 79.2kN-m)
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Composite CP segment without concrete
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Product of composite CP segment
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Shield tunnel constructed with CP segments
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Ground condition of shield tunnel

Tunnel outside diameter (m) 5.4
Length (m) 2250
Depth (m) 25-30
Ground property Soft clay
Representative SPT-N value 5
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Specifications of composite CP segment for heavy loading

Segment height (mm)

250

Segment width (mm)

1200

Main girder thickness (mm)

16

Skin plate thickness (mm)

3

Steel bar positioned inside

D29 X 10

Steel bar positioned outside

D29 X 10
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