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I 

摘要  

城市供水管线作为生命线工程系统的重要组成部分，维系着现代城市的基本

功能。大量震害经验表明，管线接口作为管线系统的薄弱环节，在地震中极易遭

到破坏。因此，有必要研究供水管线接口的地震反应。本文从供水管线接口试验

出发，探讨了管线接口的地震反应，并进行了供水管线接口可靠性的研究。 

首先，针对球墨铸铁管 T 型接口，进行了埋土的三管段两接口变形试验，试

验采用拟静力的类正弦加载方式，明确了管线接口不均匀变形的情况，分析了管

土相对滑移的信息。之后，设计研发了智能防渗漏供水管线接口，在此基础上对

该接口进行不埋土渗漏试验研究，验证了该接口的防渗漏性能，试验同时获得了

供水管线的接口极限变形数据。 

其次，根据应用共同变位法和反应位移法的中国、日本和美国管线抗震规范

分别计算了典型埋地管线的地震反应，通过工程算例比较了三国规范的异同，对

照试验结果进行了简要分析。 

再次，研究了供水管线接口抗震可靠度计算方法，分别采用验算点法和随机

模拟方法计算管线接口的抗震可靠度，对比了中国、日本和美国三国规范的管线

接口变形可靠度，深入讨论了影响接口抗震可靠性的因素，在此基础上给出了基

于可靠性的管线接口设计方法。 

最后，关于进一步工作的方向进行了简要的讨论。 

 

 

 

关键词：埋地供水管线，接口变形试验，接口不均匀变形，智能防渗漏供水

管线接口，地震反应，规范对比，抗震可靠性 
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ABSTRACT 

Being a fundamental component of lifeline engineering system, urban water 

supply pipeline sustains the basic function of a modern city. Many historical 

earthquake experiences indicate that, as weak links of pipeline system, pipeline joints 

can be easily destroyed in the earthquakes. Therefore, it is necessary to study the 

seismic response of water supply pipeline joints. In this paper, based on the water 

supply pipeline joint experiments, seismic response of pipeline joints is discussed, and 

seismic reliability of pipeline joints is studied. 

Firstly, buried T-joint ductile iron pipelines with three segments, two joints are 

tested in the displacement experiment. The experiment has been done under 

quasi-static loading, using displacement loading similar to sinusoidal wave. The 

inhomogeneous displacement of multi-joints has been made clear, and the information 

of pipe-soil interaction has been analyzed. Then an intelligent anti- leakage water 

pipeline joint is designed. The function of the joint has been studied in the not-buried 

leakage experiment, the result of which proves the anti- leakage performance of the 

newly-designed joint. Also, ultimate displacement data is acquired in the experiment. 

Secondly, based on equivalent static method and response displacement method, 

which has been applied in China, Japan and the United States pipeline seismic design 

codes, seismic response of typical buried pipeline has been calculated, and similarities 

and differences of these three codes are compared through engineering examples. A 

brief analysis of the experiments above has also been achieved. 

Thirdly, the seismic reliability calculation methods of water supply pipeline 

joints are discussed. Both the JC method and the Monte-Carlo method have been 

applied separately in the joint seismic reliability calculation. The contrast of joint 

seismic reliability based on China, Japan and the United States pipeline seismic 

design codes are clarified. Seismic reliability factors of pipeline joint are further 

discussed, and the reliability-based pipeline joint design method is approached. 

In the finality, the problems requiring further studies are discussed. 
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