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台湾集集地震九份二山滑坡发生机制的三维数值模拟分析
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摘要 台湾九份二山滑坡体积约4×107m3,是1999年集集地震所诱发的大型滑坡之一。该滑坡造成了巨大的生命财产损失,引起了众

多研究者的关注,但由于地质地貌条件等多因素的影响,对该滑坡的研究特别是有关滑行机制问题等还有许多争议。本文作者基于颗粒

体离散元素法,对九份二山滑坡的传送与堆积过程进行了仿真模拟,并由此分析探讨了滑坡的崩滑机制。模拟分析结果表明:滑坡体滑

动时的摩擦系数为0.05,其最快速度可达50m·s-1; 由于受地貌地形的影响,滑坡体滑行距离并不长,最大为1148m。滑坡过程模拟同

时显示:该滑坡由于受滑坡前缘和滑坡面的几何形状影响,滑坡的崩滑机制并非单一的剪出破坏或拱曲作用,而是在滑坡体西南部区域

以拱曲作用为主,在滑坡块体的东北部以剪出作用为主,并非二维模拟结果所显示的那样仅仅是拱曲破坏机制。本实例研究表明在分析

大型山崩滑坡的崩滑机制时,除了要考虑崩塌物的特性及构造特征外,还需要考虑滑坡体周边的地形地貌特征和滑动面的几何特征。
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Abstract： The Jiufengershan landslide with the volume of 4107m3 is one of the huge landslides induced by the 

1999 Taiwan Chi-Chi Earthquake. The collapse mechanism of this landslide may be shear out or buckling, which is 

an argument need to be further. This paper demonstrates that there might be different failure mechanisms that 

could happen in the landslide block at a reasonable friction coefficient of 0.05 by the 3-D models. Taking toe 

particles into account, the collapse mechanism is dominated by buckling with short run-out distance in the 

southern section. On the other hand, the mechanism is dominated by shear out with long run-out distance in the 

northern section. Thus, the mechanisms of large landslides are probably not unitary, and complex failure 

mechanisms might be existed due to the complex topographic features. Our result suggests that, in addition to 

the property of the landslide and the tectonics, the geomorphologic conditions and the geometric features of the 

landslide face can also play an important role in the occurrence and landsliding process of earthquake-triggered 

landslide. 

Key words： Jiufengershan landslide   Sliding process and depositing behavior   Mechanism   Numerical Simulation   

收稿日期: 2012-05-20; 

基金资助:

国家自然科学基金资助项目(41172193和40821160550),台湾国科会项目(99-2116-M-002-020) 

通讯作者: 袁仁茂.Email:yuanrm@googlemail.com     E-mail: yuanrm@googlemail.com 

作者简介: 唐昭荣,主要从事地质灾害方面的研究工作.Email:d92224002@ntu.edu.tw

引用本文:   

. 台湾集集地震九份二山滑坡发生机制的三维数值模拟分析[J]. 工程地质学报, 2012, 20(6): 940-954. 

. 3-D DISTINCT ELEMENT MODELING OF SLIDING PROCESS AND DEPOSITING BEHAVIOR IN JIUFENGERSHAN LANDSLIDE INDUCED BY 1999 TAIWAN CHI-CHI 

EARTHQUAKE[J]. Journal of Engineering Geology, 2012, 20(6): 940-954. 



  

[1] Tang C-L,J-C Hu, C-M Lo, M-L Lin. The catastrophic 1999 Tsaoling and 2009 Hsiaoling landslides: Preliminary study from 3-D distinct 

element modeling. Sino-Geotechnics in Chinese, 2009, 122 : 143~152. 

[2] Chang K-J,A Taboada, Y-C Chan. Geological and morphological study of the Jiufengershan landslide triggered by the Chi-Chi Taiwan 
earthquake. Geomprphology, 2005, 71 : 293~309.  

[3] Chang K.-J,A Taboada, M-L Lin and R-F Chen. Analysis of landslide by earthquake shaking using a block-on-slope thermo-mechanical 

model: Example of Jiufengershan landslide, central Taiwan. Engineering Geology, 2005, 80 : 151~163. 

[4] 吴秋雅. 九份二山山崩前后构造地形特征及坡体破坏机制探讨 .台北: 国立台湾大学地质科学研究所, 2007, 117. 

[5] Wu Chiuya. The Structural and Geomorphic Characteristics before and after the Chiufenerhshan Landslide and Possible Mechanisms of the 

Slope Failure. Taipei: Department of Geosciences, National Taiwan University, 2007, 117. 

[6] 彭健豪. 九份二山地滑区滑动历程与积行为之研究 .台北: 国立台湾大学地质科学研究所, 2008, 84. 

[7] Peng Jianhao. A Study on Sliding Process and Depositing Behavior in Chiufengershan Landslide. Taipei: Department of Geosciences, National 

Taiwan University, 2008, 84. 

[8] Chang K-J,A Taboada. Discrete element simulation of the Jiufengershan rock-and-soil avalanche triggered by the 1999 Chi-Chi earthquake, 
Taiwan. Journal of Geophysics Research, 2009, 114,F03003,doi: 10.1029/2008JF001075.  

[9] 陈智豪. 南投县九份二山地区岩石材料之工程地质特性研究 .台北: 国立台湾大学地质科学研究所, 2001, 147. 

[10] Chen Chihhao. The Study of the Engineering Geological Characteristics of Rock Material in Juo-Feng-Err-Shan of the Nantou Area. Taipei: 

Department of Geosciences, National Taiwan University, 2001, 147. 

[11] 周明德. 九份二山潜在崩塌地特性之研究 .台北: 国立台湾大学森林学研究所, 2003, 70. 

[12] Chow Ming-Te. Study on the Characteristics of the Potential Landslide at Joe-fen-er-shan Area. Taipei: School of Forestry and Resource 

Conservation, National Taiwan University, 2003, 70. 

[13] Shou K-J,C-F Wang. Analysis of the Chiufengershan landslide triggered by the 1999 Chi-Chi earthquake in Taiwan. Engineering Geology, 
2003, 68 : 237~250.  

[14] Jia-Jyun Dong,Wang-Ru Lee, et al. Effects of seismic anisotropy and geological characteristics on the kinematics of the neighboring 
Jiufengershan and Hungtsaiping landslides during Chi-Chi earthquake. Tectonophysics, 2009, 466 : 438~457.  

[15] 曾俊伟. 九份二山崩塌地稳定性观测及地下水流动特定之研究 .台北: 国立台湾大学森林学研究所, 2004, 92. 

[16] Tseng Chun-Wei. Study on the Observation of Slope Stability and Characteristics of Groundwater Flow at Joe-Fen-Er-Shan Landslide Area, 

Taipei: School of Forestry and Resource Conservation, National Taiwan University, 2004, 92. 

[17] Wang W-N,M Chigiram, T Furuya. Geological and geomorphological precursors of the Jiu-Fen-Erh-Shan landslide triggered by the Chi-Chi 
earthquake in central Taiwan. Engineering Geology, 2003, 69 : 1~13.  

[18] Huang C-C,Y-H Lee, H-P Liu, et al. Influence of surface-normal ground acceleration on the Initiation of the Jiu-Feng-Erh-Shan Landslide 

during the 1999 Chi-Chi, Taiwan, earthquake. Bull. Seismol.Soc. Am. ,, 2001, 91 (5): 953~958. 

[19] Wu J-H,W-N Wang, C-S Chang, et al. Effects of strength properties of discontinuities on the unstable lower slope in the Chiu-Fen-Erh-
Shan landslide, Taiwan. Engineering Geology, 2005, 78 : 173~186.  

[20] Poisel R,W Roth. Run out models of rock slope failures. Felsbau, 2004, 22 (2): 46~50. 

[21] Poisel R,M Bendarik, et al. Geomechanics of geohazardous landslides. J.Mountain Sci. ,, 2005, 2 (3): 211~217.  

[22] Cho N,C D Martin, D C Sego. A clumped particle model for rock, Int. J.Rock Mech.& Min. Sci. ,, 2007, 44 : 997~1010.  

[23] Itasca,Consulting Group Inc. PFC2D Particle Flow Code in 3 Dimensions. User's Guide, Minneapolis, 2006. 

[24] Marone C.Laboratory-derived friction laws and their application to seismic faulting. Annual Review of Earth and Planetary Sciences, 1998, 
26 : 643~696.  

[25] Lin A,A Chen, C-F Liau, et al. Frictional fusion due to coseismic landsliding during the 1999 Chi‐Chi(Taiwan) ML 7.3 earthquake. Geophysics 

Research Letter, 2001, 28 : 4011~4014,doi: 10.1029/2001GL013253. 

[26] Han R,T Shimamoto, T Hirose, et al. Ultralow friction of carbonate faults cause by thermal decomposition. Science, 2007, 316 : 878~881. 
 

[27] DiToro G,DL Goldsby, TE Tullis. Friction falls towards zero in quartz rock as slip velocity approaches seismic rates, Nature, 2004, 427 : 

436~439. 

[28] Hirose T,M Bystricky. Extreme dynamic weakening of faults during dehydration by coseiemic shear heating, Geophysics Research Letter, 

2007, 34,L14311,doi: 10.1029/2007GL030049. 

[29] Togo T,T Shimamoto, SL Ma, et al. High-velocity friction of faults: A review and implication for landslide studies. The Next Generation of 

Research on Earthquske-induces landslides, an Int. Conf. Comm.10th Anni. of the Chi-Chi Earthquake, 2009, 205~216. 

[1] 苏生瑞, 王琦, 李鹏. 汶川地震前后龙门山地区区域构造应力场演化的数值模拟[J]. 工程地质学报, 2012, 20(5): 715-722.



[2] 李天斌, 刘吉, 任洋, 薛德敏, 陈明东. 预加固高填方边坡的滑动机制:攀枝花机场12#滑坡[J]. 工程地质学报, 2012, 20(5): 723-731.

[3] 鲁功达, 晏鄂川, 赵建军, 姜胜来. 优势结构面控制的岩质边坡强震破坏机制研究[J]. 工程地质学报, 2012, 20(3): 305-310.

[4] 齐超, 邢爱国, 殷跃平, 李滨. 东河口高速远程滑坡-碎屑流全程动力特性模拟[J]. 工程地质学报, 2012, 20(3): 334-339.

[5] 胡静, 黄凯湘, 洪念明. 龙王坪滑坡变形模式及稳定性评价[J]. 工程地质学报, 2012, 20(3): 362-368.

[6] 王根龙, 张茂省, 伍法权, 常中华. 液化型路堤边坡动力数值模拟分析[J]. 工程地质学报, 2012, (2): 234-241.

[7] 彭宁波, 言志信, 刘子振, 蔡汉成. 地震作用下锚固边坡稳定性数值分析[J]. 工程地质学报, 2012, 20(1): 44-50.

[8] 刘朝安, 高文龙, 阙金声. 多种采动影响区杆塔地基稳定性数值分析[J]. 工程地质学报, 2011, 19(6): 922-927.

[9] 汤斌, 曾哲, 汪洪星, 汪稔. 软黏土卸荷变形特性室内试验研究与数值模拟[J]. 工程地质学报, 2011, 19(4): 455-459.

[10] 王根龙, 张茂省, 苏天明, 曾庆铭. 黄土崩塌破坏模式及离散元数值模拟分析[J]. 工程地质学报, 2011, 19(4): 541-549.

[11] 杨根兰, 黄润秋. 西南某水电站坝肩抗力体长期稳定性分析[J]. 工程地质学报, 2011, 19(4): 626-632.

[12] 许英姿, 韦万正, 卢玉南. 竖向预应力锚索抗滑桩的优化研究[J]. 工程地质学报, 2011, 19(1): 83-87.

[13] 徐佩华, 黄润秋, 邓辉, 杨爱平. 高烈度区浸水高填石路堤变形和稳定性的数值模拟研究[J]. 工程地质学报, 2011, 19(1): 109-115.

[14] 吴慧蕾. 山间邦男法在深基坑支护设计中的应用[J]. 工程地质学报, 2010, 18(S1): 311-314.

[15] 胡瑾, 聂德新, 郭涵宇, 刘汉超. 黄河黑山峡大柳树坝坝址岩体渗漏量及灌浆量数值模拟研究[J]. 工程地质学报, 2010, 18(6): 926-932.

版权所有 © 2009 《工程地质学报》编辑部 

地址：北京9825信箱  邮政编码：100029

电话：010－82998121 ，82998124   传真：010－82998121 Email：gcdz@mail.igcas.ac.cn 


