《海洋土力学》教学大纲
 Syllabus of Offshore Soil Mechanics
	课程基本信息
Course Information

	课程名称
Course Name
	海洋土力学

	
	Offshore Soil Mechanics

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

	负责人
Leader
	王腾
	课程团队
Team Members
	

	课程编码
Course Code
	02238
	学分
Credits
	2.5

	课内学时
Course Hours
	40
	理论学时
Lecture Hours
	36
	实验学时
Experiment Hours
	4

	
	
	上机学时
Programming Hours
	0
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	36

	适用专业
Audience
	船舶与海洋工程

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、线性代数、材料力学

	课程简介
Course Description
	本课程是海洋与船舶专业本科生的专业基础课。通过本课程的学习，使学生了解海洋土的成因和分类方法，熟悉土的基本物理力学性质，掌握土的渗透性、地基沉降、地基承载力、海洋平台桩基承载力的计算方法和土坡稳定分析方法，达到能应用土力学的基本原理和方法解决海洋工程中稳定、变形和渗流等问题的目的。通过海洋土力学的学习，熟悉土的基本物理力学性质和分类方法，掌握浅基础的地基承载力、地基沉降、海洋平台桩基承载力的计算方法和土坡稳定分析方法，能应用土力学的基本原理和方法解决实际工作中的地基稳定、变形和渗流等问题。

	
	Offshore soil mechanics is a required bilingual course. This course is to provide students with basic knowledge about soil properties; the importance of water in the soil and the effects of water movement; Consolidation and consolidation settlements; stresses in soil; shear strength; bearing capacity of pile foundation; stability of slopes and Laboratory testing of soils. To teach students how to apply the principles of soil mechanics to analyze and design the stability of the foundation, deformation and seepage in offshore geotechnical design practice. The students show master the basic knowledge about soil properties and learn how to apply the principles of soil mechanics to analyze and design the stability of the foundation, deformation and seepage in offshore geotechnical design practice. 



	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：了解海洋土力学的内容、任务及研究方法
	1.2

	
	目标2：掌握土体基本特性、地基沉降、地基承载力计算的基本理论与方法
	1.2

	
	目标3：培育运用土力学基本原理分析和设计海洋岩土工程问题的能力。
	4.2

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1:  To understand the content, task and research method of offshore soil mechanics.
	1.2

	
	Outcome 2: To master the basic knowledge about soil properties and  design the deformation, stability of the foundation in offshore geotechnical.
	1.2

	
	Outcome 3: To cultivate the ability to apply the principles of soil mechanics to analyze and design the offshore geotechnical engineering.
	4.2

	教学内容
Topics
	第0章　绪论                                                         
本章的重点：了解海洋岩土工程的性质其在工程技术中的应用。
0.1海洋岩土工程的性质，土力学发展，海上能源的开发过程及海上岩土工程设计的目标和工具 
0.2了解海洋土力学的内容、任务与研究方法以及历史发展
第一章  土的物理性质及工程分类                                      
本章的重点难点：土的组成、土的物理力学性质指标及其测定方法、土颗粒分布曲线、土的工程分类。
1.1土的成因和三相组成，土的物理性质和物理状态指标
1.2无粘性土和粘性土的物理性质，土的塑性和结构性、土的工程分类 
第二章  土的渗透性与渗流                                            
重点：土的渗透规律、渗透性指标的测定方法及影响因素、渗透力与渗透破坏。
2.1土的渗透性及达西定律，渗透系数及测定方法                         
水头与水力坡降，渗透试验和达西定律，达西定律的适用范围，渗透系数的测定及影响因素，成层土的平均渗透系数
2.2 二维渗流、流网及其工程应用，渗透力与渗透破坏                      
渗流的基本微分方程，流网及其绘制，流网的应用，渗透力和临界水力坡降，渗透破坏（渗透变形）的类型和判断，渗透破坏的防治。
第三章  土体中的应力计算                                 			
重点：土中自重应力、地基附加应力、基底附加压力，土的有效应力原理。
3.1 应力状态和土体的自重应力计算                                     
3.2 基底压力和地基中的附加应力                                       
基底压力的分布规律，基底压力的简化计算，集中荷载作用下的附加应力计算，矩形面积上各种分布荷载作用下的附加应力计算，线荷载和条形分布荷载作用下的附加应力，均布圆形荷载作用时中心点下的附加应力，影响土中应力分布的因素。
3.3 有效应力原理                                                     
有效应力原理的基本概念，饱和土中孔隙水压力和有效应力的计算。
第四章  土的压缩性及地基沉降计算                                   
重点：土的压缩特性，室内、现场试验测定土的压缩性指标，太沙基一维固结理论，地基最终沉降量计算方法，地基沉降随时间变化规律。
4.1 土的压缩特性                                                     
压缩变形的本质，土的压缩试验与压缩性指标，土的变形模量，先期固结压力的确定，固结压缩试验。
实验课程: 固结压缩试验
土的压缩性主要是由于孔隙体积减少而引起的。土样在压力作用下只能在竖向产生压缩，而不可能产生侧向变形，故称为侧限压缩。测定试样在侧限与轴向排水条件下的变形与压力的关系，或孔隙比与压力的关系，变形与时间的关系。由测得的各关系曲线计算土的压缩系数、压缩模量、压缩指数、回弹指数、固结系数、及土的先期固结压力等，利用压缩试验所得的参数计算地基基础的变形量。
 4.2 地基最终沉降量计算                                               
单向分层总和法计算地基最终沉降量，考虑应力历史的地基沉降量计算，粘性土的沉降计算。
4.3 饱和土体一维固结理论                                             
一维渗透固结模型，沉降与时间的关系。
第五章  土的抗剪强度                                                
重点：莫尔-库伦抗剪强度理论，抗剪强度指标的测定方法，不同固结和排水条件下土的抗剪强度指标的意义及应用。
5.1 土的抗剪强度和破坏理论                                           
剪力作用下土体的典型响应，土抗剪强度模型。 
5.2 土的抗剪强度试验方法                                             
直接剪切试验，无侧限压缩试验，土的抗剪强度机理和影响因素。
实验课程: 直接剪切试验
直接剪切试验是测定土的抗剪强度的一种常用方法。在试样上施加垂直压力后立即快速施加水平剪切力，一般使试样在3～5min内剪破。快剪法适用于测定粘性土天然强度。通常采用四个试样为一组，分别在不同的垂直压力下，施加水平剪应力进行剪切，求得破坏时的剪应力，然后根据库仑定律确定土的抗剪强度参数内摩擦角和凝聚力 。
5.3 三轴试验                         
抗剪强度指标，三轴不固结不排水剪切试验和直剪快剪试验，三轴固结排水试验和慢剪试验，抗剪强度指标的选用。
第六章  地基承载力                                                 
重点：地基承载力计算公式，载荷试验方法，地基极限承载力。
6.1 地基的变形和失稳                                                 
 临塑荷载和极限承载力，浅基础的地基破坏模式。
6.2地基的极限承载力
第七章  导管架海洋平台                                              
重点：桩基极限承载力计算，桩的轴向响应，水平荷载下单桩的设计。
7.1 导管架平台建造和安装
[bookmark: _GoBack]7.2 单桩轴向极限承载力                                                
7.3 桩的轴向响应                                                       
7.4 水平荷载下单桩的设计
第八章  土坡稳定分析                                                
重点：土坡稳定分析，BISHOP法条分法，无粘性土坡的稳定性。
8.1 无粘性土坡、粘性土坡的稳定性
8.2 边坡稳定分析的总应力法和有效应力法
报告：查阅海洋岩土最新英文文献，翻译并汇报。

	
	Chapter 0 INTRODUCTION                                            
Focus and difficulties: understand the contents of the offshore soil mechanics and its application in engineering.
0.1 Nature of offshore geotechnical engineering, Historical development of soil mechanics
0.2 Introduction Development processes for offshore energy resources, Geotechnical design Objectives and tools, Development of Soil Mechanics, Contents of Soil Mechanics                                                       
Chapter 1 PHYSICAL PROPERTIES AND CLASSIFICATION OF SOIL
Focus and difficulties: Components of Soil, Weight–Volume Relationships, Particle-Size Distribution Curve, Soil Classification 
1.1　Formation of Soil, Soil-Particle Size; Physical Features and Indexes of Soil
1.2　Particle-Size Distribution Curve ; Plasticity and Structure of Soil; Soil Classification
Chapter 2 WATER FLOW THROUGH SOIL
Focus and difficulties: Soil Permeability, Hydraulic Conductivity Test, Seepage Force and Critical Hydraulic Gradient                                    
2.1　Soil Permeability and Darcys Law; Determination of the Coefficient of Permeability
2.2　Two-Dimensional Flow of Water through Soil and Flow Net; Seepage Force and Critical Hydraulic Gradient
Chapter 3 STRESSES IN SOIL
Focus and difficulties: In Situ Stresses, Stress Increase in the Ground, Effective Stress and Pore Water Pressure in soil                                  	   
3.1　In Situ Stresses, Effective Overburden Pressure in the Ground
3.2　Contact Pressure between the Foundation and the Ground; Stress Increase in the Ground; Stresses Caused by a Point Load, a Horizontal Line Load, a Vertical Strip Load, a Rectangularly Loaded Area
3.3　Effective Stress and Pore Water Pressure in soil
Chapter 4 COMPRESSION AND CONSOLIDATION OF SOIL 
Focus and difficulties: Compressibility of Soil                 
4.1 Soil Compressibility Characteristics, Elastic Settlement Calculation, Fundamentals of Consolidation, One-Dimensional Laboratory Consolidation Test
Experiment Course: One-Dimensional Laboratory Consolidation Test
This test is performed to determine the magnitude and rate of volume decrease that a laterally confined soil specimen undergoes when subjected to different vertical pressures. From the measured data, the consolidation curve (pressure-void ratio relationship) can be plotted. This data is useful in determining the compression index, the recompression index and the preconsolidation pressure (or maximum past pressure) of the soil. In addition, the data obtained can also be used to determine the coefficient of consolidation and the coefficient of secondary compression of the soil. 4.2 Foundation settlement calculation
Primary Consolidation Settlement of Normally Consolidated, Overconsolidated Fine-Grained Soils, effects of stress path on settlement calcualtion 
4.3 Terzaghi's Theory of One-dimensional Consolidation, Calculation of Consolidation Settlement Under a Foundation, 
Chapter 5 SHEAR STRENGTH OF SOIL
Focus and difficulties: Mohr–Coulomb Failure Criterion, Shear Strength Test, Undrained and Drained Shear Strength, Triaxial Shear Test                                       
5.1 Shear Strength and Mohr-Coulomb Failure Criterion, Typical Response of Soils to Shearing forces
5.2 Shear Strength Test
Laboratory Test for Determination of Shear Strength Parameters, Shear Box or Direct Shear Test, Undrained and Drained Shear Strength
Experiment Course: Direct Shear Test
The direct shear test is a laboratory testing methods used to determine the shear strength parameters of soil. To achieve reliable results, the test is often carried out on three or four samples of undisturbed soil. The sample is subjected to a controlled normal stress and the upper part of the sample is pulled laterally at a controlled strain rate or until the sample fails. The applied lateral load and the induced strain are recorded at given internals. These measurements are then used to plot the stress-strain curve of the sample during the loading for the given normal stress. A linear curve fitting is often made on the test result points to give the cohesion and the peak friction angle .
5.3 Triaxial Shear Test 
The shear strength characteristics of soil, Consolidated Drained, Consolidated Undrained (CU) Compression Test, Unconsolidated Undrained (UU) Test, residual strength
Chapter 6 BEARING CAPACITY OF FOUNDATIONS
Focus and difficulties: Ultimate Bearing Capacity of Shallow Foundations, Bearing Capacity Equation                           
6.1 critical pressure for plastic failure, allowable Bearing Capacity of Foundations
Collapse and Failure Loads, Failure Surface
6.2 Ultimate Bearing Capacity of Shallow Foundations
 Characteristic Value of Bearing Capacity of Shallow Foundations, Terzaghi’s Ultimate Bearing Capacity Equation, General Bearing Capacity Equation, code recommendations for bearing capacity
Chapter 7 OFSHORE JACKET PLATFORMS
Focus and difficulties: Ultimate axial pile capacity, Axial pile performance, Lateral pile design                                  
7.1 Types of Piles and Installations
Temporary on-bottom support during installation, Pile installation  
7.2 Ultimate axial pile capacity, Pile Load Test 
7.3 Axial pile performance, Procedure to Estimate Settlement of Single Piles
7.4 Lateral pile design, Ultimate lateral pile capacity  
Chapter 8 SLOPE STABILITY
Focus and difficulties: Slope Stability Analyses, Bishop's Method, Slope Stability of Cohesionless Soil                                            
8.1 Slope Stability of Cohesionless Soil and Cohesive Soil
8.2 usage of shear strength of soil, effective stress method
Report 
Search a research paper on offshore geotechnical engineering, translate it into Chinese and give a presentation.




	
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

	
	0.1
0.2
	1
	讲授
	
	
	

	
	1.1
1.2
	4
	讲授
	2
	作业
	目标1

	
	2.1 2.2
	3
	讲授
	2
	作业
	目标2

	
	3.1 3.2 3.3
	4
	讲授讨论
	2
	作业
	目标2

	
	4.1
	2
	讲授
	2
	作业
	目标2

	
	实验
	2
	实验
	2
	撰写
实验报告
	目标3

	
	4.2
	2
	讲授
	2
	作业
	目标2

	
	4.3
	2
	讲授
	2
	作业
	目标2

	
	5.1 5.2
	2
	讲授
	
	
	

	
	实验
	2
	实验
	2
	撰写
实验报告
	目标3

	
	5.3 
	2
	讲授
	
	
	

	
	6.1
	2
	讲授
	2
	作业
	目标2

	
	6.2
	2
	讲授
	2
	作业
	目标2

	
	7.1 7.2
	2
	讲授
	2
	作业
	目标3

	
	7.3
	2
	讲授
	2
	作业
	目标3

	
	7.4
	2
	讲授
	2
	作业
	目标3

	
	8.1 8.2 8.3
	2
	讲授
	2
	作业
	目标2

	
	报告
	2
	报告
	8
	报告
	目标3

	
	
	
	
	
	
	

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	0.1
0.2
	1
	Teaching
	
	
	

	
	1.1
1.2
	4
	Teaching
	2
	Homework
	Outcome1

	
	2.1 2.2
	3
	Teaching
	2
	Homework
	Outcome2

	
	3.1 3.2 3.3
	4
	Teaching Discussion
	2
	Homework
	Outcome2

	
	4.1
	2
	Teaching
	2
	Homework
	Outcome2

	
	Experiment
	2
	Experiment
	2
	Experiment Report
	Outcome3

	
	4.2
	2
	Teaching
	2
	Homework
	Outcome2

	
	4.3
	2
	Teaching
	2
	Homework
	Outcome2

	
	5.1 5.2
	2
	Teaching
	
	
	

	
	Experiment
	2
	Experiment
	2
	Experiment Report
	Outcome3

	
	5.3 5.4
	2
	Teaching
	
	
	

	
	6.1 
	2
	Teaching
	2
	Homework
	Outcome2

	
	6.2
	2
	Teaching
	2
	Homework
	Outcome2

	
	7.1 7.2
	2
	Teaching
	2
	Homework
	Outcome3

	
	7.3
	2
	Teaching
	2
	Homework
	Outcome3

	
	7.4
	2
	Teaching
	2
	Homework
	Outcome3

	
	8.1 8.2 8.3
	2
	Teaching
	2
	Homework
	Outcome2

	
	 Report
	2
	Report
	8
	Report
	Outcome3

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2作业+报告
	10%+25%

	
	环节3实验
	10%

	
	环节4 期末考试
	45%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	10%

	
	Evaluation 2：Homework and Report
	10%+25%

	
	Evaluation 3：Experiment
	10%

	
	Evaluation 4：Final Exam
	45%

	教材及参考资料
Textbooks & Other Materials
	1. 《海洋土力学》,王腾编，中国石油大学出版，2013，校内胶印;
2. 《Offshore Geotechnical Engineering》, Mark Randolph, Susan Gourvenec, Spon Press, 2011.
3. soil mechanics and foundations，Muni budhu, John wiley &sons inc.，2007; 
4. 《土力学》，东南大学，浙江大学，湖南大学，苏州城建环保学院，中国建筑工业出版社，2001；
5. 《土力学地基基础》，陈希哲编著，清华大学出版社，2000；
6. 《土力学》陈仲颐、周景星、王洪瑾，清华大学出版社, 1997.

	
	1.Liu Xiao, Structure Mechanics of Ship, South China University of Technology of press, 2010
2. Su Hengyu,Tan Linsen,Structure Mechanics of Ship, Huazhong University of Science and Technology of press, 2008
3.Chen Tieyun,Chen Bozhen, Structure Mechanics of Ship, Shanghai Jiao Tong University of press,1994
4.Chen Bozhen,Ruan Xianzheng, Ship structural mechanics problem sets, Shanghai Jiao Tong University of press,1994

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	王腾
	审核人(系/教研室主任)
Approved by
	娄敏


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

	固结试验
	船舶与海洋工程实验室
	02005601
	
	
	5
	2
	综合
	必做
	综合
	船舶与海洋工程实验室
	海洋土力学
	固结仪
	是

	土体剪切试验
	船舶与海洋工程实验室
	02005601
	
	
	5
	2
	综合
	必做
	综合
	船舶与海洋工程实验室
	海洋土力学
	直剪仪
	是




