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Abstract In the case of a precast concrete (PC) method, segments are assembled on site after factory
production, and it is essential to secure the stability and structural performance of the segment
connection. However, in the field, a PC connection is simply filled with mortar or made using a steel
frame. Therefore, unequal displacement frequently occurs on a PC segment connection under external
loads such as earth pressure and fatigue loads. In the case of a PC segment used in a railroad structure,
horizontal connection of a segment is most important in order to keep the structure stable under railway
vibration. Therefore, in this study, a bowtie-type horizontal rotation connector was developed. The
connector is connected not only in the vertical direction, but also the horizontal direction for sequential
construction of PC concrete. The connector's performance was analytically verified using RC, PC with
bowtie connection, and PC with rotating bowtie connection on curved and straight members. The
developed connector could solve the problems caused by stress concentration on a segment connection
due to earth pressure in a vertical shaft. Also, it could be possible to economically segment
connection/connector design for railway vibration.
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Fig. 1. Vertical connection using splice sleeve of
precast concrete segment
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Fig. 2. Existing horizontal connection method and
problem of precast concrete segment (a)
Existing horizontal connection method (b)
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Fig. 4. Concept of Bow-Tie precast horizontal
connection (a) Bow-Tie connection (b)
Rotating Bow-Tie connection

Insert Vertical Rebar Placirig Mortar

Rotate Bow-Tie

Insert Bow-Tie

Fig. 5. Construction method of developed Bow-Tie
horizontal connection
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Fig. 6. Connection detail and specification (a) RC (b)
Bow-Tie PC (c) Rotating Bow-Tie PC (unit:
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Fig. 12. Analytical comparison of axial force-deflection
with RC and PC with developed Bow-Tie
connection (a) Curvature type (b) Straight
type
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Table 1. Analytical value of axial force-deflection

M Curvature type Straight type
ax Force(kN) | Defl.(mm) | Force(kN) | Defl.(mm)
RC 3,515 6.20 456 32.96
Bow-Tie PC 2,693 4.34 336 21.63
Rotating
Bow-Tie PC 2,803 4.53 518 32.29

Figuration of (left) curvature and (right)
straight members (a) RC (b) Bow-Tie PC (c)
Rotating Bow-Tie PC
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Table 2. Maximum concrete effective plastic strain

Curvature type
Straight type
Tension Comp.
RC 0.000105 0.00207 0.00378
Bow-Tie PC 0.000214 0.00168 0.00620
ROtati“‘%CBOW'Tie 0.000176 | 0.00171 0.00213

Fig. 14. Concrete plastic strain of (left) curvature
and (right) straight types (a) RC (b) Bow-Tie
PC (c) Rotating Bow-Tie PC
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Fig. 15. Rebars von-Mises stress of (left) curvature
and (right) straight types (a) RC (b) Bow-Tie
PC (c) Rotating Bow-Tie PC

Table 3. Maximum von-Misese stress of rebar

Curvature type
(unit : MPa) Straight type
Tension Comp.

RC 84.7 223.4 400

Bow-Tie PC 111.8 199.2 462.3
Rotating

Bow-Tie PC 157.5 210.4 419.8
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Fig. 16. Rebars strain of (left) curvature and (right)
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