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	课程基本信息
Course Information

	课程名称
Course Name
	岩石力学

	
	Fundamentals of rock mechanics

	开课院部
School
	石油工程学院
	院部代码
School Code
	02

	负责人
Leader
	程远方
	课程团队
Team Members
	程远方，林英松，朱丽红，黄勇，韩忠英，闫传梁，王子振

	课程编码
Course Code
	02112
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	28
	实验学时
Experiment Hours
	4

	
	
	上机学时
Programming Hours
	
	实践学时
Practice Hours
	

	课外学时
Home Hours
	

	适用专业
Audience
	石油工程、石油工程（卓越班）、海洋油气工程
Petroleum Engineering, Petroleum Engineering(excellent engineer project), Offshore Oil and Gas Engineering

	授课语言
Language of Instruction
	中文
Chinese

	先修课程
Prerequisite
	工程力学、地质学基础
Engineering Mechanics, Fundamental of geology

	课程简介
Course Description
	本课程是石油工程专业（含卓越工程师班）学生必修课。通过本课程的学习，使学生掌握岩石材料的基本组构特点、岩石的变形及破坏特性、常用岩石力学破坏准则、地应力的概念及确定方法等，结合油气工程井眼失稳破坏、水力压裂及油井出砂等岩石力学问题，建立油气工程岩石力学的分析方法，以提升学生分析和解决复杂工程问题的能力。

	
	This course is a compulsory course for undergraduate students of petroleum engineering (including excellent engineer class). Through the study of this course, students are able to grasp the basic fabric characteristics of rock materials, master the feature of deformation and failure of rock, the common failure criteria of rock, the concept of In-situ stress and its determination method. Combined with the problems of rock mechanics in oil and gas engineering, such as borehole instability, hydraulic fracturing and sand production, let students to establish the analysis method of rock mechanics in oil and gas engineering and enhance the ability to analyze and solve the complex engineering problems in oil and gas engineering. 



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	目标1：了解石油工程地质对象地层的力学属性的独特性和定义方法、掌握地层的变性特征与强度特征、掌握常见岩石强度破坏准则、原地应力的定义和确定。
	1.1，1.3

	
	目标2：，通过岩石力学基本原理的学习，提升分析复杂科学和工程问题的能力；通过室内实验学会测定岩石的应力应变曲线，学会计算试样的弹性参数和强度参数，提升学生的动手能力。
	2.2

	
	目标3：通过井壁失稳破坏分析、水力压裂力学分析和生产出砂机理分析，培育认识和发现问题的能力和团队协作解决工程问题的能力。
	4.1，4.2，5.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome1: To understand the uniqueness and definition of mechanical properties of formation (geological objects for petroleum engineering), master the characteristics of the deformation and strength of the strata, master common rock strength failure criteria, The definition and determination of the in-situ stress.
	1.1, 1.3

	
	Outcome2: To improve the ability to analyze complex scientific and engineering problems through the study of fundamental principles of rock mechanics; The stress strain curve of rocks is measured by the laboratory experiments, and the elastic parameters and strength parameters of the test samples are calculated to improve the students' working ability.
	2.2

	
	Outcome3: Through the analysis of borehole instability, hydraulic fracturing mechanics and the mechanism of sand production, cultivating awareness and ability to find problems and the team cooperation ability to solve engineering problems.
	4.1, 4.2, 5.2

	教学内容
Topics
	第一章  绪论			   		                                             
了解岩石力学的定义、研究内容、研究方法，明确岩石力学与材料力学、弹塑性力学的关系与区别，了解岩石力学的发展史。从岩石成因、组织结构特征等方面掌握岩石材料的基本特征。介绍岩石力学在石油工程中的应用，明确岩石力学在油气工程中的地位。

第二章  应力分析                                                                                                                                                                                    
本章重点难点：掌握 应力和应变的概念，岩石力学应力正负号规定，单轴、双轴和三轴应力状态的概念。
2.1应力和应变状态，岩石力学对应力符号和应力大小的规定。任意斜截面应力表征方法、应力的坐标变换。                                                                                                                                                                                               
2.2主应力的概念及确定方法，单轴、双轴和三轴应力状态的定义，应力平衡方程。
2.3 应变和应变状态，明确正应变和剪应变的定义。

第三章  岩石的强度与变形特征                                                                                                                                                                  
本章重点难点：掌握岩石在常温常压下的变形规律，掌握温度、围压、孔隙压力、加载速率对岩石变形规律的影响。
3.1常温常压下岩石力学性质                                                                                                                             
常温常压下岩石的全应力应变曲线，弹性模量、泊松比、单轴抗压强度的确定方法，六类典型的应力应变曲线。 
3.2围压对岩石性质的影响，介绍围压的定义，围压对岩石变形和强度的影响规律。
3.3温度对岩石力学性质的影响，介绍地温随深度的变化规律、温度对岩石变形和强度的影响规律。
3.4孔隙压力对岩石力学性质的影响，介绍孔隙压力、有效应力的概念，孔隙、孔隙压力对岩石变形和强度的影响规律。

第四章  岩石的强度表征与室内实验
本章重点难点：掌握岩石力学三轴实验的基本方法和各种岩石强度的基本概念。
    4.1岩样的准备，掌握试样制备的标准。                                                                                                                                                       
    4.2岩石单轴抗压强度，掌握单轴抗压强度试验方法，明确影响因素。
4.3 岩石单轴抗拉强度，掌握单轴抗拉强度试验方法，明确影响因素。
4.4岩石的抗剪强度，掌握三轴强度试验方法，学会内聚力、内摩擦角的计算方法。
岩石单轴抗压强度实验与全应力-应变实验。掌握一定围压下岩石应力-应变实验方法，获取全应力-应变曲线，弹性模量、泊松比、峰值强度、残余强度的数值。

第五章  岩石的破坏准则                                                                                                                                                                     
本章重点难点：掌握岩石在压应力和拉应力状态下的破坏类型，岩石库伦-纳摩尔准则、平面Griffith准则。
    5.1岩石破坏类型
掌握岩石变形和破坏类型随埋堔的变化规律，岩石脆性破坏、和塑性破坏的定义。
    5.2常用的岩石破坏准则                                                                                                                               
建立一般应力状态下岩石破坏的准则，包括库伦-纳维尔准则、摩尔准则和Griffith准则。给出准则的推导过程。
包含岩石抗剪强度实验（内聚力、内摩擦角测试），通过1组（3块）岩心不同围压下的三轴强度实验，得到不同围压下的应力应变曲线，并通过做图法求取岩石的内聚力内摩擦角。

第六章  原地应力及其测试技术 
本章重点难点：掌握岩石原地应力的概念、形成机理及确定方法。
6.1地应力的基本概念和描述方法                                                                                                                    
    6.2地应力纵向、横向分布规律                                                                                                                                                      
    6.3地应力测试技术（以小型水力压裂法为主）                                                                                                                     
    6.4地应力计算（重点讲解黄氏分层地应力模型）
                                                                                                                
    第七章  井壁稳定力学原理
本章重点难点：掌握井壁失稳破坏的主要原因、地层坍塌压力、破裂压力的概念、直井地层坍塌压力和破裂压力的计算方法。
    7.1井壁失稳破坏的类型，重点介绍井壁稳定的基本原理，地层坍塌压力、地层破裂压力的定义和工程上井眼破坏类型。
7.2直井井眼周围岩石的应力分析及地层坍塌压力、地层破裂压力预测模型，建立直井井眼围岩力学模型，给出应力分布规律，明确井壁发生坍塌和破裂的位置，推导出直井坍塌压力和破裂压力计算模型。
    7.3井壁稳定性的影响因素，介绍井眼稳定的主要影响因素及保持井眼稳定的工程措施。

    第八章  水力压裂力学原理                                                                                                                                         
本章重点难点：掌握水力压裂的基本原理及与岩石力学的关系，直井垂直裂缝和水平裂缝的起裂特征。
    8.1水力压裂力学简介，PKN模型、KGD模型的定义及缝宽、缝长等裂缝几何特性参数和导流能力参数的表征。                                                                                                                                                              
    8.2裂缝类型与地应力的关系分析，常规直井压裂裂缝形态判别。                                                                                                                                   
    8.3压裂施工曲线的解释，解剖典型直井压裂施工曲线，明确净压力、最小水平地应力的确定方法。

第九章  油井生产出砂
本章重点难点：掌握油井出砂的机理及危害，学会分析计算油井临界生产压差的方法。
    9.1出砂的危害，介绍油井出砂的过程及危害。
    9.2出砂机理，根据岩石力学原理分析油井出砂的机理，推导出直井临界生产压差公式。
    9.3防砂措施，介绍现场主要的防砂工艺及适应对象。
                                                                                                                                                               

	
	Chapter1 Introduction
Understand the definition of rock mechanics, study content, research method; Understand the relationship and distinction between rock mechanics and material mechanics, elastic-plastic mechanics; Understand the history of rock mechanics, the basic characteristics of rock materials are obtained from the aspects of rock formation and structural characteristics; Introduce the application of rock mechanics in petroleum engineering, and makes clear the position of rock mechanics in oil and gas engineering.

Chaper2 Stress and Strain
The main points of this chapter are: the concept of stress and strain, the regulation of the stress for rock mechanics, the concept of uniaxial, biaxial and triaxial stresses.
2.1 Stress and strain states, rules of stress state for rock mechanics, the coordinate transformation of the stress state and the stresses in any oblique cross section.
2.2 The concept and determination of the main stress, the definition of the stress state of the uniaxial, biaxial and triaxial stress states, and the stress balance equation.
2.3 The concept of strain and strain state, define the definition of normal strain and shear strain.

Chapter3 Strength and Deformation Feature of Rock
The main points of this chapter are: master the deformation law of rock under atmospheric pressure, Know the influence of the temperature, confining pressure, and pore pressure on the rock deformation.
3.1 The properties of rock mechanics under room temperature and pressure
The stress strain curve of rock under room temperature and pressure, elastic modulus, poisson’s ratio and uniaxial compressive strength are determined, and six types of typical stress strain curve of rock.
3.2 The effect of confining pressure on rock mechanical properties
Introduce the definition of confining pressure, the influence of the confining pressure on the deformation and strength of rock.
3.3 The effect of temperature on rock mechanical properties
Introduce the influence of temperature on rock deformation and strength.
3.4 The effect of pore pressure on rock mechanical properties
Introduce the concept of pore pressure and effective stress, and the influence of pore and pore pressure on rock deformation and strength.                                                                                                                           

Chapter 4 The Strength Test of Rock
The main points of this chapter are: to grasp the basic method of the triaxial experiment of rock mechanics and the basic concept of various rock strengths, such as uniaxial compressional strength, uniaxial tensile strength, shear strength.
4.1 Preparation of rock sample, master the standard of sample preparation for different test types.
4.2 The uniaxial compressive strength of rock, grasp the test method of uniaxial compressive strength, introduce the influence factors of it.
4.3 The uniaxial tensile strength of rock, grasp the test method of uniaxial tensile strength, introduce the influence factors of it.
4.4 The shear strength of rock, master the method of triaxial strength test, and the calculation method of cohesion and internal friction Angle.
The uniaxial compressive experiment and the full stress-strain experiment. To master stress and strain experiment method for a certain rock under confining pressure, to obtain the stress-strain curve, elastic modulus, poisson's ratio, peak strength and residual strength.

Chapter5 The Strength Failure Criteria of Rock
The main points of this chapter are: the damage type of rock under compressive stress and tensile stress, Coulomb criterion, Mohr criterion, Griffith criterion.
5.1 Rock Failure Type
Master the rock deformation and failure types , along with the bury depth, the definition of brittle failure and plastic failure of rock.
5.2 Common Rock Failure Criteria
Establish the principles of rock failure under general stress conditions, including Coulomb criterion, Mohr criterion and Griffith criterion. The derivation of the criteria is given.
Contains rock shear strength experiment (cohesion, internal friction Angle testing), by the set of triaxial strength experiments (3 sample) under different confining pressure, gain the stress strain curves under different confining pressure, and by doing graph method to calculate the cohesion and internal friction angle of the rock.

Chaper6 The Concept of In-situ Stress and Its determination technology
The main points of this chapter are: grasp the concept of In-situ stress and its determination method.
6.1 The basic concept of In-situ stress and its representational method.
6.2 The vertical and horizontal distribution of In-situ stress.
6.3 In-situ stress testing techniques  (focus on mini hydraulic fracturing methods)
6.4 In-situ stress calculation (emphasis on the model of stratification by Huang)

Chapter7 The principle of borehole instability
The main points of this chapter: grasp the main cause of borehole instability, the concept of collapse pressure and fracture pressure, master the calculation method of collapse pressure and fracture pressure for vertical well.
7.1 Borehole instability damage type, with emphasis on the basic principle of the borehole instability, the definition of formation collapse pressure, formation fracture pressure and the borehole damage types in drilling engineering.
7.2 Wellbore failure analysis for vertical well, Stress analysis of borehole surrounding rock for vertical well and master the rupture points of vertical Well and the prediction model of formation collapse pressure and fracture pressure for vertical well is deduced.
7.3 The influence factors of wellbore stability, introduce the influence factors and engineering technique for wellbore instability.

Chapter8 The Mechanical Principle of Hydraulic Fracturing
The main points of this chapter are: mastering the basic mechanical principle of hydraulic fracturing and its relationship with rock mechanics, the feature of vertical fracture and horizontal fracture.
8.1 The description of hydraulic fracturing mechanics, include: the definition of the PKN model, the definition of the KGD model and the parameters of the fracture geometry properties and the parameters of the fracture conductivity are described.
8.2 The analysis of the relationship between the type of fracture and the In-situ stress, the fracture morphology of the conventional vertical well is determined.
8.3 The treatment curve of fracturing is explained, the typical treatment curve of the fracturing for vertical well is dissected, and the method of determination of the net pressure and the minimum horizontal stress is clearly defined.

Chapter9 Sand Production of oil and gas well
 The main points of this chapter are: to grasp the mechanism of sand production and its harm, to analyze the calculation method of the critical pressure difference of the well.
9.1 The damage of the sand production, the process and the damage of the sand production of well are introduced.
9.2 sand production mechanism, According to the principle of rock mechanics, the mechanism of the sand production of the oil Wells is analyzed and the formula of the critical differential pressure equation is deduced.
9.3 Sand control measures are introduced,  to introduce the main sand control technology and the suitable object.

	教学进度及要求
Class Schedule & Requirements
	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1
	2
	讲授
	
	
	目标1

	
	2.1-2.2
	2
	讲授
	
	作业
	目标1

	
	2.2-2.3
	2
	讲授
	
	作业
	目标1

	
	3.1
	1
	讲授
	
	自学
	目标1

	
	3.2
	1
	讲授
	
	自学
	目标1

	
	3.3
	1
	讲授
	
	自学
	目标1

	
	3.4
	1
	讲授
	
	自学
	目标1

	
	4.1
	0.5
	讲授
	
	自学
	目标1

	
	4.2
	0.5
	讲授
	
	自学
	目标1

	
	4.3
	0.5
	讲授
	
	自学
	目标1

	
	4.4
	0.5
	讲授
	
	作业
	目标1

	
	实验1
	2
	实验
	2
	撰写
实验报告
	目标2

	
	5.1
	0.5
	讲授
	
	自学
	目标1

	
	5.2
	1.5
	讲授
	
	作业
	目标1

	
	实验2
	2
	实验
	2
	撰写
实验报告
	目标2

	
	6.1
	1
	讲授
	
	自学
	目标1

	
	6.2
	1
	讲授
	
	自学
	目标1

	
	6.3
	1
	讲授
	
	自学
	目标1

	
	6.4
	1
	讲授
	
	作业
	目标1

	
	7.1
	1
	讲授
	
	自学
	目标3

	
	7.2
	2
	讲授
	
	自学
	目标3

	
	7.3
	1
	讲授
	
	作业
	目标3

	
	8.1
	1
	讲授
	
	自学
	目标3

	
	8.2
	1
	讲授
	
	自学
	目标3

	
	8.3
	1
	讲授
	
	作业
	目标3

	
	9.1
	1
	讲授
	
	自学
	目标3

	
	9.2
	1
	讲授
	
	自学
	目标3

	
	9.3
	1
	讲授
	
	作业
	目标3

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	2
	Teaching
	
	
	Outcome1

	
	2.1-2.2
	2
	Teaching
	
	Homework
	Outcome1

	
	2.2-2.3
	2
	Teaching
	
	Homework
	Outcome1

	
	3.1
	1
	Teaching
	
	Reading
	Outcome1

	
	3.2
	1
	Teaching
	
	Reading
	Outcome1

	
	3.3
	1
	Teaching
	
	Reading
	Outcome1

	
	3.4
	1
	Teaching
	
	Reading
	Outcome1

	
	4.1
	0.5
	Teaching
	
	Reading
	Outcome1

	
	4.2
	0.5
	Teaching
	
	Reading
	Outcome1

	
	4.3
	0.5
	Teaching
	
	Reading
	Outcome1

	
	4.4
	0.5
	Teaching
	
	Homework
	Outcome1

	
	Test 1
	2
	experiment
	2
	Report
	Outcome2

	
	5.1
	0.5
	Teaching
	
	Reading
	Outcome1

	
	5.2
	1.5
	Teaching
	
	Homework
	Outcome1

	
	Test 2
	2
	experiment
	2
	Report
	Outcome2

	
	6.1
	1
	Teaching
	
	Reading
	Outcome1

	
	6.2
	1
	Teaching
	
	Reading
	Outcome1

	
	6.3
	1
	Teaching
	
	Reading
	Outcome1

	
	6.4
	1
	Teaching
	
	Reading
	Outcome1

	
	7.1
	1
	Teaching
	
	Reading
	Outcome3

	
	7.2
	2
	Teaching
	
	Reading
	Outcome3

	
	7.3
	1
	Teaching
	
	Homework
	Outcome3

	
	8.1
	1
	Teaching
	
	Reading
	Outcome3

	
	8.2
	1
	Teaching
	
	Reading
	Outcome3

	
	8.3
	1
	Teaching
	
	Homework
	Outcome3

	
	9.1
	1
	Teaching
	
	Reading
	Outcome3

	
	9.2
	1
	Teaching
	
	Reading
	Outcome3

	
	9.3
	1
	Teaching
	
	Homework
	Outcome3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2 实验
	10%

	
	环节3 作业
	10%

	
	环节4 期末考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 1 Attendance and Performance
	10%

	
	Evaluation 2 Experiment
	10%

	
	Evaluation 3 Assignment
	10%

	
	Evaluation 4 Final Exam
	70 %

	教材及参考资料
Textbooks & Other Materials
	1．《油气工程岩石力学》，程远方，中国石油大学出版社，2015，第1版；
2．《Petroleum Related Rock Mechanics》，E. Fjaer et al，Elsevier，1992；
3．《岩石力学基础》，J.C. 耶格等，中国科学院工程力学所译，科学出版社，1981；
4．《岩石力学与工程》，蔡美峰，科学出版社，2005。

	
	1．Rock Mechanics in Petroleum Engineering，Cheng Yuanfang, China University of Petroleum Press，2015，First edition；
2．Petroleum Related Rock Mechanics，E. Fjaer et al，Elsevier，1992；
3．Fundamentals of rock mechanics，J.C. Jaeger, N. G. W. Cook, Chapman and Hall，1981, Third edition；
4．Rock Mechanics and Engineering, Cai Meifeng, Science Press，2005 First edition。

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	程远方
	审核人(系/教研室主任)
Approved by
	步玉环


注：
1. 表格中红色为示例，绿色为说明。
2. 考核方式包括作业（Assignment）、实验（Experiment）、平时表现（Attendance and Performance）、期中考试（Midterm Exam）、期末考试（Final Exam）等。
3. 院部代码：地学院01，石工学院02，化工学院03，机电学院04，信控学院05，储建学院06，计通学院07，经管学院08，理学院09，文学院10，马克思主义学院11，体育教学部12，工训中心及其他20。
4. 如有实验内容，须完善对附表中实验项目信息进行完善。
附表：
	实验项目信息

	实验项目名称
	所在实验室名称
	实验室编号
	实验中心名称
	项目编号
	每组人数
	项目学时
	实验类别
	实验要求
	实验类型
	面向专业
	实验室分室
	仪器设备名称
	是否开出

	实验1
岩石单轴抗压强度实验与全应力-应变实验
	钻井实验室
	（院部代码基础上加3位）
	石油工程实验中心
	（实验室代码基础上加3位）
	6
	2
	专业基础
	必做
	综合性
	石油工程
	岩石力学实验室
	岩石三轴实验系统
	暂无设备

	实验2
岩石抗剪强度实验
	钻井实验室
	
	石油工程实验中心
	
	6
	2
	专业基础
	必做
	综合性
	石油工程
	岩石力学实验室
	岩石三轴实验系统
	暂无设备




