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Abstract When both bending and torsional moments subject to RC members, the strength and rigidity 

of the members decrease compared to those for pure bending or torsional load condition. However, in 

non-linear dynamic analysis, interactions between bending and torsional moments are not considered 

generally, because there are few previous studies on the non-linear characteristics for torsional moments. 

In this study, firstly, the interaction curves between torsional moments and bending moments of RC piers 

with hollow section were proposed from the experimental results. Secondly, investigating the non-linear 

characteristics of RC piers with hollow section from the hysteresis loops, the skeleton curves and 

unloading stiffness for torsional moments were evaluated. Finally, non-linear dynamic analyses for RC 

arch bridges using the non-linear characteristics of RC piers with hollow section were conducted. 

Key words RC piers with hollow section, Interaction between bending and torsional moments, Non-

linear dynamic analysis, RC arch bridge 

 

１．はじめに 
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２．ねじりと曲げの複合載荷試験の概要
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３．ねじりと曲げの相関とねじりの非線形特性

3.1 ねじりと曲げの相関曲線
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図－1 供試体概要（単位：mm） 

ctc(mm)
帯鉄筋間隔

ρs(%)
帯鉄筋比

φ(°) 載荷タイプ

1 90 純ねじり

2 83 ねじり卓越型

3 55 曲げ卓越型

4 0 純曲げ

No.
軸応力

(N/mm
2
)

帯鉄筋 載荷比率

8.0 60 1.24

表－1 検討ケース一覧 
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図－2 相関曲線（実験値） 
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図－3 相関曲線のイメージ図 
(a) ひび割れ相関         (b) 降伏相関 
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(2)

図-4  

3.2 複合載荷時のねじり骨格曲線 

図-5, 図-6
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(a) ねじり卓越           (b) 曲げ卓越 

図－5 ねじりの骨格曲線と履歴曲線 

(c) ねじり卓越            (d) 曲げ卓越 
図－6 曲げの骨格曲線と履歴曲線 
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図－4 定式化された相関曲線と実験値
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対象橋梁

α0＝0.193217 α1＝0.001121

数値計算法 ニューマークβ法 β＝0.25
積分時間間隔
出力時間間隔

減衰

RCアーチ橋
レイリー減衰

0.005 (sec)
0.05 (sec)

表－2 解析条件 

図－7 武田モデルと実験値の比較 

（曲げ卓越型） 

図－8 アーチリブ断面形状 4) 
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3.3 ねじりの履歴復元力特性 
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図-7

４．RCアーチ橋の非線形動的解析と等価線形解析 

4.1 解析手法 
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4.2 解析条件 

RESP-T version5.1.0
表-2

図-8 図-9
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図－9 解析モデル図 
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図－10 等価線形解析との比較 
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図－11 ねじりと曲げの相関曲線と履歴曲線 
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５．結論 

表－4  Mtc/Mtc0 と Mbc/Mbc0 の値 

部材 Mtc/Mtc0 Mbc/Mbc0
5 0.200 0.907
10 0.136 1.000

表－3 θmax/θc の値 

部材 max/ ｃ

5 2.086
10 8.678
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