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摘要 

混凝土是一种典型的多孔介质材料,孔隙分布错综复杂,孔径尺寸跨越微观尺度和宏观尺度,对混凝土弹性模量及强度等力学参数产生巨大

影响.认为混凝土是由骨料、孔隙及砂浆基质组成的三相复合材料,采用Monte Carlo 法将孔隙、微裂纹及微缺陷与骨料颗粒随机投放在

砂浆基质中.根据三相球模型及中空圆柱形杆件模型得到含孔材料的有效力学性质,并推导得到含孔材料的等效本构模型.建立含孔隙混凝

土试件的细观单元等效化力学模型,对二级配含孔隙混凝土试件在单轴拉伸及压缩条件下的反应进行了非线性分析.结果表明:孔隙、微裂

纹的存在对混凝土宏观弹性模量、强度及残余强度等力学性质都有很大影响,在对混凝土宏观力学特性分析及研究混凝土损伤断裂时不应

忽略其影响. 
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Abstract： 

Concrete is a typical porous medium permeated by an interconnected network of pores which have great influences 

on elastic modulus, strength and other mechanical parameters of concrete across both micro and macro scale. 

Concrete was considered as a three-phase composite with aggregates, pores and mortar matrix. Pores, micro crack, 

micro flaw and aggregates were put into the mortar matrix randomly by the Monte Carlo simulation method, and the 

effective mechanical properties of porous material was derived according to the three-phase sphere model and 

hollow cylindrical rod model. Then the effective constitutive model of porous material was established, and finally 

the meso element equivalent model of porous concrete specimen was built. Thus two-grade porous concrete 

specimen in uniaxial tensile and compression was analyzed by means of nonlinear method. The results indicated that 

the existence of pores and micro cracks had great influence on macro elastic modulus, strength and residual 

strength of concrete, which should not be neglected when analyzing the macro-mechanical properties and damage 

fracture of concrete.

Key words： concrete   pores   micro-crack   mechanical properties   meso element equivalent model   

收稿日期: 2010-10-15; 出版日期: 2012-05-23 

PACS: TU528.1   

  TB333   

基金资助:

国家自然科学基金重点项目(90715041,50838001);973 项目计划(2011CB013600);北京市重大项目(8100001);北京工业大学博士

生创新基金(YB201207) 



  

通讯作者: 杜修力(1963―),男,四川广安人,教授,博士,博导,主要从事结构抗震及抗爆领域研究(E-mail: duxiuli@bjut.edu.cn).    

 E-mail: duxiuli@bjut.edu.cn 

作者简介: 金 浏(1985―),男,江苏泗阳人,博士生,主要从事混凝土结构领域研究(E-mail: kinglew2007@163.com).

引用本文:   

杜修力,金浏. 考虑孔隙及微裂纹影响的混凝土宏观力学特性研究[J]. 工程力学, 2012, 29(8): 101-107. 

DU Xiu-li,JIN Liu. RESEARCH ON THE INFLUENCE OF PORES AND MICRO-CRACKS ON THE MACRO-MECHANICAL PROPERTIES OF CONCRETE[J]. Engineering 

Mechanics, 2012, 29(8): 101-107. 

链接本文:  

http://gclx.tsinghua.edu.cn/CN/10.6052/j.issn.1000-4750.2010.10.0742

没有找到本文相关图表信息

[1] 

[1] Bazant Z P, Tabbara M R, Kazemi M T. Random particle models for fracture of aggregate or fiber composites [J]. Journal of Engineering Mechanics, 

ASCE, 1990, 116(8): 1686-1705.  

[2] 

[2] De Schutter G, Taerwe L. Random particle model for concrete based on delaunay triangulation [J]. Material Structures, 1993, 26(156): 67-73. 

[3] 

[3] Schlangen E, Garbocai E J. Fracture simulation of concrete using lattice models: Computational aspects [J]. Engineering Fracture Mechanics, 1997, 57

(2/3): 319- 322. 

[4] 

[4] Mohamed A R, Hansen W. Micromechanical modeling of crack-aggregate interaction in concrete materials [J]. Cement & Concrete Composites, 1999, 21
(5/6): 349- 359.  

[5] 

[5] Lilliu G, Van Mier J G M. 3D lattice type fracture model for concrete [J]. Engineering Fracture Mechanics, 2003, 70(7/8): 927-941. 

[6] 

[6] Wriggers P, Moftah S O. Mesoscale models for concrete: Homogenisation and damage behavior [J]. Finite Element in Analysis and Design, 2006, 42(7): 

623-636.  

[7] 

[7] 唐春安, 朱万成. 混凝土损伤与断裂-数值试验[M]. 北京: 科学出版社, 2003. Tang Chun’an, Zhu Wancheng. Numerical Simulation tests of concrete damnification 

and fracture [M]. Beijing: Science Press, 2003. (in Chinese) 

[8] 

[8] 杜成斌, 尚岩. 三级配混凝土静、动载下力学细观破坏 机制研究[J]. 工程力学, 2006, 23(3): 141-146, 125. Du Chengbin, Shang Yan. Study on micro-mechanical 

failure mechanism of the three-gradation concrete under static and dynamic loadings [J]. Engineering Mechanics, 2006, 23(3): 141-146, 125. (in 

Chinese) 浏览 

[9] 

[9] 赵吉坤. 混凝土四相复合模型的三维细观破坏模拟[J]. 土木建筑与环境工程, 2009, 31(4): 37-43. Zhao Jikun. 3D meso-scale failure simulation of four-phase 

composite concrete [J]. Journal of Civil, Architechural & Environmental Engineering, 2009, 31(4): 37-43. (in Chinese) 

[10] 

[10] Zheng Jianjun, Li Chunqing, Zhou Xinzhu. An analytical method for prediction of the elastic modulus of concrete [J]. Magazine of Concrete Research, 

2006, 58(10): 665- 673.  

[11] 

[11] 唐欣薇, 张楚汉. 基于均匀化理论的混凝土宏细观力 学特性研究[J]. 计算力学学报, 2009, 26(6): 876-881. Tang Xinwei, Zhang Chuhan. Study on concrete in macro-

and-meso-scale mechanical properties based on homogenization theory [J]. Chinese Journal of Computational Mechanics, 2009, 26(6): 876-881. (in 

Chinese) 

[12] 

[12] 杜修力, 金浏. 基于随机多尺度力学模型的混凝土力 学特性研究[J]. 工程力学, 2011, 28(增刊I): 151-155. Du Xiuli, Jin Liu. Mechanical property research on concrete 

based on random multi-scale mechanical model [J]. Engineering Mechanics, 2011, 28(Suppl I): 151- 155. (in Chinese) 浏览 

[13] 



[13] Budiansky B, O’Connell R J. Elastic moduli of a cracked solid [J]. International Journal of Solids and Structures, 1976, 12(2): 81-92.  

[14] 

[14] Hashin Z. The differential scheme and its application to cracked materials [J]. Journal of the Mechanics and Physics of Solids, 1988, 36(6): 719-734. 

 

[15] 

[15] Kemeny J, Cook N G W. Effective moduli, nonlinear deformation and strength of a cracked elastic solid [J]. International Journal of Rock Mechanics and 

Mining Sciences & Geomechanics Abstracts, 1986, 23(2): 107- 124.   

[16] 

[16] Park Young H, Morqan Wesley. Effective elastic moduli of cracked solid and application to functionally graded material [J]. Pressure Vessels and Piping 

Oivision, ASME, 2004, 482: 207-213. 

[17] 

[17] Feng X Q, Gross D. An approximate scheme for considering effects of microcrack interaction on overall constitutive relation of brittle solids under 

complex loading [J]. Acta Mechanica, 2000, 139: 143-159.  

[18] 

[18] Spatschek R, Guqenberqer C, Brener E A. Effective elastic moduli in solids with high density of cracks [J]. Physical Review B (Condensed Matter and 

Materials Physics), 2009, 80(14): 144106-1-144106-8.  

[19] 

[19] 杜修力, 金浏. 含孔隙混凝土复合材料有效力学性能 研究[J]. 工程力学, 2012, 29(6): 70-77. Du Xiuli, Jin Liu. Research on the effective mechanical properties of 

concrete composite material with pores [J]. Engineering Mechanics, 2012, 29(6): 70 - 77. (in Chinese) 浏览 

[20] 

[20] DLPT 5150, 水工混凝土试验规程[S]. 北京: 中国电 力出版社, 2001. DLPT 5150, Test code of hydraulic concrete [S]. Beijing: China Electric Power Press, 2001. 

(in Chinese) 

[1] 沈峰, 章青, 黄丹, 赵晶晶. 冲击荷载作用下混凝土结构破坏过程的近场动力学模拟[J]. 工程力学, 2012, 29(增刊I): 12-15.

[2] 孙筠, 蔡可键. 深层混凝土过渡板的弹性地基梁(板)分析[J]. 工程力学, 2012, 29(增刊I): 35-40.

[3] 黄景华, 陈朝晖, 马东升, 李观宇. 简支矩形深受弯箱梁静力性能试验研究[J]. 工程力学, 2012, 29(增刊I): 46-52.

[4] 张邵峰, 陆春华, 陈妤, 刘荣桂, 崔钊玮. 裂缝对混凝土内氯离子扩散和钢筋锈蚀的影响[J]. 工程力学, 2012, 29(增刊I): 97-100.

[5] 张建伟, 丹姗, 曹万林, 池彦忠. 带暗支撑再生混凝土中高剪力墙振动台试验研究[J]. 工程力学, 2012, 29(增刊I): 101-106.

[6] 李俊华, 赵银海, 唐跃锋, 刘明哲. 火灾后型钢混凝土轴压柱剩余承载力试验[J]. 工程力学, 2012, 29(增刊I): 86-91.

[7] 侯川川, 王蕊, 韩林海. 低速横向冲击下钢管混凝土构件的力学性能研究[J]. 工程力学, 2012, 29(增刊I): 107-110.

[8] 安钰丰, 李威. 钢管混凝土柱-钢梁多层平面框架倒塌分析研究[J]. 工程力学, 2012, 29(增刊I): 115-118.

[9] 王文达, 王军. 远场地震作用下钢管混凝土组合框架的地震反应分析[J]. 工程力学, 2012, 29(增刊I): 124-129.

[10] 牛琪瑛, 李如凯, 徐增杰, 申俊敏. 水泥土桩加固不同干密度液化土孔隙水压力分析[J]. 工程力学, 2012, 29(增刊I): 141-144,161.

[11] 何珊瑚, 窦超. 拱形钢管混凝土结构实用计算方法[J]. 工程力学, 2012, 29(增刊I): 162-165.

[12] 宋福春, 陈宝春. 钢管混凝土标准桁肋拱面外弹性稳定分析[J]. 工程力学, 2012, 29(9): 125-132.

[13] 卿龙邦, 李庆斌, 管俊峰, 王娟. 基于虚拟裂缝模型的混凝土断裂过程区研究[J]. 工程力学, 2012, 29(9): 112-116,132.

[14] 屠永清, 严敏杰, 刘林林. 多室式钢管混凝土形构件纯弯力学性能研究[J]. 工程力学, 2012, 29(9): 185-192.

[15] 刘远东, 尹益辉, 郭中泽. 考虑静动力学特性的材料结构一体化多目标优化设计[J]. 工程力学, 2012, 29(9): 37-41,49.

Copyright © 2012 工程力学 All Rights Reserved. 

地址：北京清华大学新水利馆114室 邮政编码：100084 

电话：(010)62788648 传真：(010)62788648 电子信箱：gclxbjb@tsinghua.edu.cn 

本系统由北京玛格泰克科技发展有限公司设计开发 技术支持：support@magtech.com.cn


