《Structure Typology》课程教学大纲
一、课程基本信息
	英文名称
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	课程代码
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	授课对象
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	36

	主讲教师
	滕育梅
	修订日期
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	指定教材
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二、课程目标
（一）总体目标：
In Structural Typology, we will explore various structural forms, including beam-slab-floor system, trusses, arches, cables, space trusses, shell structures, membrane and net structures. We aim to gain an understanding of the fundamentals of structure, such as the features, material mechanics, and applications. We will also look into the relationship between architecture and structure. We will build up the ability to choose an appropriate structural form for a preliminary design with the understanding of scale of both the structural members and of the spaces that material supports.
In addition to the more prosaic issues of structural mechanics and behaviors, we will examine inspirational and innovative examples in contemporary and historical structural engineering and architecture to investigate the range of potential and possibility that an understanding of the fundamentals of structure can unlock.
（二）课程目标：
The objective of this course is to build up the ability for Architecture-majoring students to choose an appropriate structural form for a preliminary design with the understanding of scale of both the structural members and of the spaces that material supports.
课程目标1：General Introduction
1.1 Introduction to building structures
1.2 Significance:
Primary features of architecture: Aesthetic, Applicable, and Safe.
课程目标2：Beam-Slab-Floor Systems
2.1 Slab: 
Explore the definition and classifications of slab, structural mechanics of one-way slab and two-way slab. Introduce the estimation and minimum requirement of slab thickness. 
2.2 Beam:
Introduce the definition of beam, typical cross section of steel and concrete beam, and internal forces of beam.
2.3 Beam-slab-floor system:
Introduce the profile and components of ordinary beam-slab-floor system, waffle slab, flat slab, and composite slab. Learn how to estimate the depth of beams according to different building codes.
课程目标3：Trusses
3.1 Mechanics
Introduce the definition, characteristics, and basic elements of planar trusses, the assumptions of truss analysis. Explore the configurations of truss and internal forces of truss members.
3.2 Classifications
Introduce the configurations and features of various trusses including flat truss, trapezoidal truss, and triangle truss
3.3 Assemblies
Learn how to form a roof system using truss as the main load bearing elements, including typical span, space, supports, and roof bracing system.
3.4 Case studies
Examples of truss structures will be given for visual infect.
课程目标4：Arches
4.1 Brief introduction
A brief introduction of the history, configurations, and elements of arches will be given.
4.2 Mechanics
Illustrate the characteristics of internal forces of an arch by comparison of simply a supported beam and an arch under the same condition. Ideal arch axis and thrust in arches will also be introduced.
4.3 Restraints of arch thrust
Introduce different methods in resisting arch thrusts.
4.4 Classifications
Classify arches by supports, materials, and cross sections.
4.5 Preliminary design of arch
Introduce the factors to be considered in preliminary design of arches. 
课程目标5：Thin Shell Structure
5.1 Brief introduction
A brief introduction of shell structures, including definition, mechanics, features, and classifications of shell structures.
5.2 Domes
Introduce main elements of domes, features, different types of domes, applications, as well as commonly used supports used in dome structures.
5.3 Barrel Vaults
Introduce main elements and dimensions of barrel vaults, features of long span, short span, and medium span barrel vaults, and corresponding analysis theories.
5.4 Folded Plates
Introduce the definition, behaviors of folded plates, basic elements and dimensions of folded plates, as well as the folded plate system.
课程目标6：Flat Space Truss
6.1 Introduction
A brief introduction of space trusses, including definition, components, features, and materials.
6.2 Classifications
Explore different types of space trusses classified by curvature, element arrangements. Detailed introduction of Grading System and Pyramidal System will be given.
6.3 Supports
Four methods of supporting flat space trusses will be introduced in this section:
a) All sides supports
b) Nodal supports
c) Two-side supports or three-side supports
d) Combination of all sides’ supports and nodal supports
Features and appropriate employments of each type of support will also be included.
6.4 Preliminary Design
Considerations given in the preliminary design of space truss structures will be introduced 
课程目标7：Shell Trusses
7.1 Introduction
A brief introduction of shell trusses, including definition, features, and classifications.
7.2 Dome shells
Classifications of dome shells will be given and following detailed Introductions of ribbed dome, Schwedler dome, three-way grid dome, geodesic dome, Lamella dome, including their features, applications, etc.
7.3 Barrel Vault shells
Introduction will be given to barrel vault shell structure, including classifications, aspect ratios, and configurations.
课程目标8：Cable Structures
8.1 Introduction
Introduction of cable structures, including definition, features, components, and materials.
8.2 Mechanics and Deformations
Explain structural mechanics of cable structures including support reactions and internal tension forces. Deformations of cable structures under different load condition will also be included.
8.3 Classifications
Introduce different types of cable structures including single layer cable system, double layer cable system, and cable nets. Explore the features, configurations, supports, and applications of each type of cable system.
8.4 Case studies
Case studies on the applications of cable structures will be given.
课程目标9：Membrane Structures
9.1 Introduction
A brief introduction of membrane structures will be given, including definition, classifications, main features, and materials.
9.2 Pneumatic Structures
Definition, components, features, materials and applications of pneumatic structures will be introduced in this section. Working principle of air-supported and air-inflated membrane structures will be explained.
9.3 Suspension Membrane Structures
Definitions, features, and applications of suspension membrane structures will be introduced in this section. Examples will be given for illustration.
9.4 Frame-supported Membrane Structures
Definitions, features, and applications of frame-supported membrane structures will be introduced in this section.
8.5 Case studies
Case studies on the applications of membrane structures will be given.
（三）课程目标与毕业要求、课程内容的对应关系
表1：课程目标与课程内容、毕业要求的对应关系表 
	课程目标
	课程子目标
	对应课程内容
	对应毕业要求

	课程目标1
General Introduction
	1.1
	Introduction to building structures
	了解

	
	1.2
	Significance
	了解

	课程目标2
Beam-slab-floor system
	2.1
	Slab
	了解

	
	2.2
	Beam
	了解

	
	2.3
	Beam-slab-floor system
	了解

	课程目标3
Trusses
	3.1 
	Mechanics of Trusses
	了解

	
	3.2 
	Classifications of Trusses
	了解

	
	3.3 
	Assemblies of Trusses
	了解

	课程目标4
Arches
	4.1 
	Brief introduction of Arches
	了解

	
	4.2 
	Mechanics of Arches
	了解

	
	4.3 
	Restraints of arch thrust of Arches
	了解

	
	4.4 
	Classifications of Arches
	了解

	课程目标5
Thin Shell Structure 
	5.1 
	Brief introduction of Thin Shell Structures
	了解

	
	5.2 
	Domes
	了解

	
	5.3 
	Barrel Vaults
	了解

	
	5.4 
	Folded Plates
	了解

	课程目标6
Flat Space Truss
	6.1 
	Brief Introduction of Flat Space Truss
	了解

	
	6.2 
	Classifications of Flat Space Trusses
	了解

	
	6.3 
	Supports of Flat Space Trusses
	了解

	
	6.4 
	Considerations in Preliminary Design of Flat Space Trusses
	了解

	课程目标7
Shell Trusses
	7.1 
	Brief introduction of Shell Trusses
	了解

	
	7.2 
	Dome Shells
	了解

	
	7.3 
	Barrel Vault Shells
	了解

	课程目标8
Cable Structures
	8.1 
	Brief Introduction of Cable Structures
	了解

	
	8.2 
	Mechanics and Deformations
	了解

	
	8.3 
	Classifications
	了解

	课程目标9
Membrane Structures
	9.1 
	Brief Introduction of Cable Structures
	了解

	
	9.2 
	Pneumatic Structures
	了解

	
	9.3 
	Suspension Membrane Structures
	了解

	
	9.4 
	Frame-supported Membrane Structures
	了解


三、教学内容
CHAPTER 1	General Introduction
OBJECTIVES:
To gain a brief understanding of building structures. To build up the ability of determining what type of structure can be used for your design, select an appropriate structural form, and design the architecture with consideration of the selected structural form.
KEY POINTS：
Understand the primary features of architecture: Aesthetic, Applicable, and Safe.
MAIN CONTENTS：
1.1 Introduction to building structures
1.2 Significance of building structures
1.3 Basic Rules--- Considerations when selecting a structure
1.4 General Structural Forms, Classifications of structures in terms of geometry and materials.
TEACHING METHODS：
Lectures in class, reading comprehension after class
EVALUATION：
Understand the significance of building structures and the limit state design criteria.
CHAPTER 2	Beam-Slab-Floor Systems
OBJECTIVES:
To be familiar with different types of beam-slab-floor systems. To be able to estimate the size of basic structural components.
KEY POINTS：
2.4 Slab: 
2.5 Beam:
2.6 Beam-slab-floor system:
MAIN CONTENTS：
1. Explore the definition and classifications of slab, structural mechanics of one-way slab and two-way slab. Introduce the estimation and minimum requirement of slab thickness.
2. Introduce the definition of beam, typical cross section of steel and concrete beam, and internal forces of beam.
3. Introduce the profile and components of ordinary beam-slab-floor system, waffle slab, flat slab, and composite slab. Learn how to estimate the depth of beams according to different building codes.
TEACHING METHODS：
Lectures in class, reading comprehensions after class
EVALUATION：
To be able to estimate the thickness of slabs, the depth of beams in preliminary design phase.
CHAPTER 4	Trusses
OBJECTIVES:
To understand the main assumptions and mechanical features of trusses, the applications of trusses. To recognize different types of trusses.  
KEY POINTS：
4.1 Definition
4.2 Mechanics
4.3 Classifications
4.4 Assemblies
MAIN CONTENTS：
1. Introduce the definition, characteristics, and basic elements of planar trusses, the assumptions of truss analysis. Explore the configurations of truss and internal forces of truss members.
2. Introduce the configurations and features of various trusses including flat truss, trapezoidal truss, and triangle truss
3. Learn how to form a roof system using truss as the main load bearing elements, including typical span, space, supports, and roof bracing system.
TEACHING METHODS：
Lectures in class, case studies, modeling
EVALUATION：
Assignment of project practice on truss assemblage.
CHAPTER 4	Arches
OBJECTIVES:
To understand the structural mechanics of Arches, thrust in Arch, and the methods of restraining thrust.
KEY POINTS：
4.1 Brief introduction
4.2 Mechanics
4.3 Restraints of arch thrust
4.4 Classifications
MAIN CONTENTS：
1. A brief introduction of the history, configurations, and elements of arches will be given.
2. Illustrate the characteristics of internal forces of an arch by comparison of simply a supported beam and an arch under the same condition. Ideal arch axis and thrust in arches will also be introduced.
3. Introduce different methods in resisting arch thrusts.
4. Classify arches by supports, materials, and cross sections.
TEACHING METHODS：
Lectures in class, case studies, modeling
EVALUATION：
Research on various Arches.
CHAPTER 5	Thin Shell Structure
OBJECTIVES:
Understand the membrane forces in thin shell structure, main elements and dimensions of domes, barrel vaults, and folded plates, and applications of thin shell structure.
KEY POINTS：
5.1 Brief introduction
5.2 Domes
5.3 Barrel Vaults
5.4 Folded Plates
MAIN CONTENTS：
1. A brief introduction of shell structures, including definition, mechanics, features, and classifications of shell structures.
2. Introduce main elements of domes, features, different types of domes, applications, as well as commonly used supports used in dome structures.
3. Introduce main elements and dimensions of barrel vaults, features of long span, short span, and medium span barrel vaults, and corresponding analysis theories.
4. Introduce the definition, behaviors of folded plates, basic elements and dimensions of folded plates, as well as the folded plate system.
TEACHING METHODS：
Lectures in class, case studies
EVALUATION：
Case studies of group work on dome shell structure, barrel vaults, and folded plates.
CHAPTER 6	Flat Space Truss
OBJECTIVES:
To understand the structural mechanics of flat space truss, main features, classifications, supports of flat space truss. To be able to employ space truss in preliminary design.
KEY POINTS：
6.1 Introduction
6.2 Classifications
6.3 Supports
6.4 Preliminary Design
MAIN CONTENTS：
1. A brief introduction of space trusses, including definition, components, features, and materials.
2. Explore different types of space trusses classified by curvature, element arrangements. Detailed introduction of Grading System and Pyramidal System will be given.
3. Four methods of supporting flat space trusses will be introduced in this section:
e) All sides supports
f) Nodal supports
g) Two-side supports or three-side supports
h) Combination of all sides’ supports and nodal supports
Features and appropriate employments of each type of support will also be included.
4. Considerations given in the preliminary design of space truss structures will be introduced 
TEACHING METHODS：
Lectures in class, case studies
EVALUATION：
Case studies of team work on any project using flat space truss.
1、 Describe the architecture: including plan shape, scale, dimensions, etc.
2、 Describe the structure: including type of space truss, materials, main dimensions, supports, roofing system, etc.
CHAPTER 7 Shell Trusses
OBJECTIVES:
To understand the definition, features, and classifications of shell trusses. To be able to use shell truss in preliminary design phase.
KEY POINTS：
7.1 Introduction
7.2 Dome shells
7.3 Barrel Vault shells
MAIN CONTENTS：
1. A brief introduction of shell trusses, including definition, features, and classifications.
2. Classifications of dome shells will be given and following detailed Introductions of ribbed dome, Schwedler dome, three-way grid dome, geodesic dome, Lamella dome, including their features, applications, etc.
3. Introduction will be given to barrel vault shell structure, including classifications, aspect ratios, and configurations.
TEACHING METHODS：
Lectures in class, case studies
EVALUATION：
Case study of Hyperbolic Parabolic Shells, include: Definition, Types, Structural behavior
CHAPTER 8	Cable Structures
OBJECTIVES:
To understand the structural mechanics of cable structure. To be familiar with the materials of cable. To recognize different types and the applications of cable structures. 
KEY POINTS：
8.1 Introduction
8.2 Mechanics and Deformations
8.3 Classifications
MAIN CONTENTS：
1. Introduction of cable structures, including definition, features, components, and materials.
2. Explain structural mechanics of cable structures including support reactions and internal tension forces. Deformations of cable structures under different load condition will also be included.
3. Introduce different types of cable structures including single layer cable system, double layer cable system, and cable nets. Explore the features, configurations, supports, and applications of each type of cable system.
TEACHING METHODS：
Lectures in class, case studies, tensegrity modeling.
EVALUATION：
Case study of a cable structure project and complete the tasks:  
Describe:
· the type of cable net of your case
· Architectural aspects
· Structural aspects
CHAPTER 9	Membrane Structures
OBJECTIVES:
To understand the structural mechanics of cable structure, be familiar with working theory of pneumatic structures, suspension membrane structures, frame-supported membrane structures, and their applications.
KEY POINTS：
9.1 Introduction
9.2 Pneumatic Structures
9.3 Suspension Membrane Structures
9.4 Frame-supported Membrane Structures
9.5 Case studies
MAIN CONTENTS：
1. A brief introduction of membrane structures will be given, including definition, classifications, main features, and materials.
2. Definition, components, features, materials and applications of pneumatic structures will be introduced in this section. Working principle of air-supported and air-inflated membrane structures will be explained.
3. Definitions, features, and applications of suspension membrane structures will be introduced in this section. Examples will be given for illustration.
4. Definitions, features, and applications of frame-supported membrane structures will be introduced in this section.
TEACHING METHODS：
Lectures in class, case studies.
EVALUATION：
Case study of a membrane structure and complete the tasks:  
Describe:
· Definitions 
· Main features
· Classifications
· Applications
四、学时分配
表2：各章节的具体内容和学时分配表
	章节
	章节内容
	学时分配

	CHAPTER 1
	General Introduction
	2

	CHAPTER 2
	Beam-Slab-Floor Systems
	4

	CHAPTER 3
	Trusses
	4

	CHAPTER 4
	Arches
	4

	CHAPTER 5
	Thin Shell Structures
	6

	CHAPTER 6
	Flat Space Trusses
	4

	CHAPTER 7
	Shell Trusses
	4

	CHAPTER 8
	Cable Structures
	4

	CHAPTER 9
	Membrane Structures
	4





五、教学进度（四号黑体）
表3：教学进度表（五号宋体）
	周次
	日期
	章节名称
	内容提要
	授课时数
	作业及要求
	备注

	1
	
	General Introduction
	Introduction to building structures, include the primary features of architecture, limit states design, loads and load combinations
	2
	Be familiar with
	

	2-3
	
	Beam-Slab-Floor Systems
	Introduce the profile and components of ordinary beam-slab-floor system, waffle slab, flat slab, and composite slab. Learn how to estimate the depth of beams according to different building codes
	4
	Be familiar with
	

	4-5
	
	Trusses
	Introduce the definition, characteristics, and basic elements of planar trusses, the assumptions of truss analysis. Explore the configurations, classifications, and assemblies of trusses.
	4
	Be familiar with
	

	6-7
	
	Arches
	Briefly introduce the history, configurations, and elements of arches. As well as the mechanics, restraints of arch thrust, and classifications.
	4
	Be familiar with
	

	8-10
	
	Thin Shell Structures
	Briefly introduce thin shell structures, include definition, mechanics, features, and classifications of shell structures. Explore domes, barrel vaults, and folded plates.

	6
	Be familiar with
	

	11-12
	
	Flat Space Trusses
	Introduce flat space trusses, include definition, components, features, and materials, classifications, supports of flat space trusses.
	4
	Be familiar with
	

	13-14
	
	Shell Trusses
	A brief introduction of shell trusses, including definition, features, and classifications. Explore dome shell and barrel vault shell.
	4
	Be familiar with
	

	15-16
	
	Cable Structures
	Introduction of cable structures, including definition, features, components, and materials, mechanics and deformations and classifications.
	4
	Be familiar with
	

	17
	
	Membrane Structures
	A brief introduction of membrane structures will be given, including definition, classifications, main features, and materials. Explore pneumatic structures, suspension Membrane Structures, and frame-supported Membrane Structure.
	4
	Be familiar with
	





六、教材及参考书目
REFERENCE BOOKS：
1. "Structures" by Schodek, Daniel L. & Bechthold, Martin，6th edition; Publisher: Upper Saddle River, N.J. : Pearson/Prentice Hall
2. "Building structures illustrated: patterns, systems, and design", by Ching, Frank, Onouye, Barry, author. ; Zuberbuhler, Douglas, 2nd edition; Publisher: Hoboken, New Jersey: John Wiley & Sons, Inc.
七、教学方法 
1. Lectures: introduce the definitions, features, structural mechanics, materials, classifications of various structural systems through in-class lecture using PPT.
2. Practice: making models of simple structures such as truss, arch, and cable structure in class.
3. Case studies: further explore the applications of various structures through case studies.
4. Presentation: students are required to make presentations in class on their research on specified structures.
5. Videos: watching videos of lectures by English native speakers.
      八、考核方式及评定方法
（一）课程考核与课程目标的对应关系 （小四号黑体）
表4：课程考核与课程目标的对应关系表（五号宋体）
	课程目标
	考核要点
	考核方式

	课程目标1
	Understand the significance of building structures and the limit state design criteria
	Comprehensive reading

	课程目标2
	To be familiar with different types of beam-slab-floor systems. To be able to estimate the size of basic structural components.
To be able to estimate the thickness of slabs, the depth of beams in preliminary design phase.
	Comprehensive reading

	课程目标3
	To understand the main assumptions and mechanical features of trusses, the applications of trusses. To recognize different types of trusses.
	Case study
Modeling

	课程目标4
	To understand the structural mechanics of Arches, thrust in Arch, and the methods of restraining thrust.
	Assignment of research on various arches.
Modeling

	课程目标5
	Understand the membrane forces in thin shell structure, main elements and dimensions of domes, barrel vaults, and folded plates, and applications of thin shell structure
	Case study

	课程目标6
	To understand the structural mechanics of flat space truss, main features, classifications, supports of flat space truss. To be able to employ space truss in preliminary design.
	Case study

	课程目标7
	To understand the definition, features, and classifications of shell trusses. To be able to use shell truss in preliminary design phase.
	Case study

	课程目标8
	To understand the structural mechanics of cable structure. To be familiar with the materials of cable. To recognize different types and the applications of cable structures.
	Case study
Tensegrity model

	课程目标9
	To understand the structural mechanics of cable structure, be familiar with working theory of pneumatic structures, suspension membrane structures, frame-supported membrane structures, and their applications.
	Case study


（二）评定方法 （小四号黑体）
1．评定方法 （五号宋体）
平时成绩：30% （出勤、 作业、 模型制作、 课堂汇报）
期中考试：30% （开卷考试：设计作图）
期末考试：40% （开卷考试：理论认知 + 设计作图）
[bookmark: _GoBack]

2．课程目标的考核占比与达成度分析 
表5：课程目标的考核占比与达成度分析表
	       考核占比
课程目标
	平时
	期中
	期末
	总评达成度

	课程目标1
	10%
	10%
	10%
	课程目标N达成度={0.3ｘ平时目标N成绩+0.3ｘ期中目标N成绩+0.4ｘ期末目标N成绩}/目标N总分。

其中N = 课程目标1~课程目标9

	课程目标2
	10%
	10%
	10%
	

	课程目标3
	10%
	10%
	10%
	

	课程目标4
	10%
	10%
	10%
	

	课程目标5
	15%
	15%
	15%
	

	课程目标6
	15%
	15%
	15%
	

	课程目标7
	10%
	10%
	10%
	

	课程目标8
	10%
	10%
	10%
	

	课程目标9
	10%
	10%
	10%
	





（三）评分标准
	课程
目标
	评分标准

	
	90-100
	80-89
	70-79
	60-69
	＜60

	
	优
	良
	中
	合格
	不合格

	
	A
	B
	C
	D
	F

	课程
目标1
	熟练掌握
	理解掌握
	基本掌握
	部分理解
	基本没理解

	课程
目标2
	熟练掌握
	理解掌握
	基本掌握
	部分理解
	基本没理解

	课程
目标3
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解

	课程
目标4
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	
基本没理解


	课程
目标5
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解

	课程
目标6
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解

	课程
目标7
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解

	课程
目标8
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解

	课程
目标9
	熟练掌握并运用
	理解掌握，能运用
	基本掌握运用
	部分理解运用
	基本没理解



