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《中国科学技术馆馆史书系》序言

中国科学技术馆是我国唯一的国家级综合性科技馆，是实施科教兴国 战略、人才强国战略和创新驱动发展战略，提高全民科学素质的大型科普 基础设施。除了提供科学性、知识性、趣味性相结合的展览内容和科学教育， 中国科学技术馆还承担了流动科技馆、科普大篷车、数字科技馆、农村中 学科技馆等项目的管理和服务任务，自身服务于中国特色现代科技馆体系 建设与科普事业发展的职责和任务不断拓展，其促进理论研究、引领事业 发展使命光荣、任重道远。

自1988 年9 月一期工程建成开放，中国科学技术馆已走过了30 个年 头。30 年中，中国科学技术馆经历了一期、二期和新馆三个阶段的建设发展； 30 年里，中国科学技术馆事业在迎接各种发展机遇、应对各种挑战中砥砺 前行；30 年来，几代中国科学技术馆人在学术研究、实践探索和开拓前进 中积淀了宝贵的经验，积累了一批珍贵的历史文献、技术资料。

不忘初心，方得始终；以史为鉴，得失明知。中国科学技术馆策划、编 著“中国科学技术馆馆史书系”丛书，旨在真实记载中国科学技术馆的发 展历程，系统反映重要的展览展品内容，深度挖掘其不为人熟知的魅力， 客观总结建设发展的经验，让中国科学技术馆的历史焕发出勃勃生机。丛 书兼顾学术性、资料性和可读性，成熟一本，出版一本，力求质量，系列 出版，自成体系。希望不仅能帮助读者了解中国科学技术馆事业发展历史， 同时能对展览展品设计和科技教育工作提供启发、借鉴和帮助。

殷皓

中国科学技术馆馆长


Preface to History BookSeries of China



Science and Technology Museum


As the only national-level comprehensive science and technology museumin China, China Science and Technology Museum (CSTM) is a largescalescience popularization infrastructure for implementing the strategy of rejuvenating the country through science and education, the strategy of strengthening the country with talents and the strategy of innovation-drivendevelopment, and improving the scientific literacy of the whole people. In addition to providing the exhibition contents and science education that integrate scientific, informative and interesting features, CSTM also undertakes the management and service of mobile science museum, science circus wagon, digital science and technology museum, rural middle school science and technology museum projects. Its duties and tasks of serving the construction of the modern science and technology museum with Chinese characteristics and the development of sciencepopularization keep continuously expanding,and its mission of promoting the theoretical research and carrying forward thearduous and glorious career also has a long way to go.

Since the Phase I works was completed and opened in September 1988,CSTM has been in business for 30 years. In the past 30 years, CSTM has experienced three phases of construction, i.e. Phase I, II and new venue. In the past 30 years, CSTM has been forging ahead by welcoming various development opportunities and coping with various challenges. Over the past 30 years, several generations of CSTM personnel have accumulated valuable experience in academic research, practical exploration and pioneering advancing, and also deposited a large number of precious historical documents and technical materials.

Never forget why you started, and your mission can be accomplished. Learn from history, and you can be fully aware of gain and loss. The “History Book Series of China Science and Technology Museum”, plotted and compiled by CSTM, aims to truly record the development history ofCSTM,systematically reflect the important exhibition contents, deeply explore the irunknown charms, objectively summarize the experience of construction and development, and make the history of CSTM show great vitality. For these book series, with an overall consideration given to the academic, informative and readable nature, the publication frequency depends on the maturity level of each book. In this process, we will strive for the quality guarantee, and pursue the goal of serial publication and self-established system. It is hoped to help readers understand the development history of CSTM career, and to provide inspiration, reference and help for exhibition exhibits design and scientific education work.

Yin Hao

General Director of CSTM


前言

前 言

榫卯是7000 年前古代中国人的一项重大发明。它是木构件上采用的凹凸连接方式。凸的部分叫榫，凹的部分叫卯，榫头插入卯眼中，两块木头就会紧紧地连为一体，使独立的、松散的构件结合成具有荷载能力的结构体。榫卯用途广泛，它不仅是中国古典建筑和家具的核心构成元素，还被应用于舟车、造桥等其他领域。中国古代工匠创造出种类繁多、精巧无比的各式榫卯。构件之间，不用一根金属钉，就可以做到间不容发、天衣无缝，体现了古人的设计匠心与造物智慧。除了精美、实用等优点外，榫卯结构还蕴含着中国古人的阴阳互补、虚实相生的哲学思想，凝结了中国几千年的传统文化精粹。

榫卯是古代科学技术与文化艺术的美妙结晶，承载着造物领域的民族记忆，凝聚了中国人追求完美、精益求精的工匠精神。但是随着科技的发展，木材之间的榫卯连接渐渐被五金构件、化学黏合剂所取代，公众对这项传统工艺的了解越来越少。为响应习近平主席提出的“ 践行文化自信，努力展示中华文化独特魅力”的号召，中国科学技术馆自主研发了“榫卯的魅力”主题展览。展览面积为2000 平方米，展品38 件（套），共设置5 个单元：七千年前的发明、古代建筑的智慧、中式家具的灵魂、形形色色的榫卯、现代榫卯的演变。展览以榫卯为中心，通过实物、微缩模型、互动模型、多媒体、木工工坊等丰富多彩的展览与教育形式，讲述榫卯的起源，展示榫卯工艺在古代建筑、中式家具、造船造桥等不同领域以及现代生产生活中的应用。旨在传播古代科技、传承文化遗产、弘扬工匠精神，引领观众感受榫卯经久不衰的魅力。

我们特将展览内容汇编成《榫卯的魅力》展览图文集，借此让更多的人走近榫卯，了解这一中国古老的传统工艺，感受其科学精巧的设计、深厚的文化底蕴与含蓄的内在美。

展览在筹备过程中得到了许多专家学者的指导与帮助，在此表示诚挚的感谢和敬意。展览参考和引用的图书与论文，因图书体例的缘故，未能在书中一一注明，我们也在此向文献作者表示感谢。

谨以此展览与图文集致敬中国历史上的能工巧匠们。

《榫卯的魅力》编委会


Preface


Mortise and tenon, a great invention 7,000 years ago by ancient Chinese people, is a concave-convex connection method used on wooden components. The concave part is called mortise, while the convex part is called tenon. When the tenon is inserted into the mortise, the two pieces of wood will be tightly connected, so that the independent and loose components can be combined into a building with large load capacity. Mortise and tenon is widely used. It is not only the core element of Chinese classical architecture and furniture, but also used in ships, vehicles, bridge building and other fields. Ancient Chinese craftsmen created a wide variety of exquisite mortise and tenon structures. Without a metal nail between the components, those mortise and tenon structures could fit tight and seamlessly, which reflects the ingenuity and wisdom of the ancient craftsmen. In addition to the advantages of delicacy and practicality, mortise and tenon structures also embody the ancient Chinese philosophy of yin-yang complementation and the transformation of the real and the virtual, epitomizing the essence of Chinese traditional culture of thousands of years.

Mortise and tenon is the wonderful crystallization of ancient science and technology, culture and art, bearing the national memory of the field of creation and embodying the craftsman spirit of Chinese people in pursuit of perfection and excellence. However, with the development of science and technology, the mortise and tenon connections between wooden componentsare gradually replaced by metal hardwa rec om ponen ts and chemical binders,and the public are losing knowledge of this traditional technology. In response to President Xi Jinping’s call for “practicing cultural confidence and demonstrating the unique charm of Chinese culture”, China Science and Technology Museum independently developed the theme exhibition“The Charm of Mortise and Tenon”. The exhibition area is 2,000 squaremeters, with about 38 pieces (sets) of exhibits. There are five sections: The Invention from 7,000 Years Ago, The Wisdom of Ancient Architecture, The Soul of Chinese Furniture, Various Kinds of Mortise and Tenon and The Evolution of Modern Mortise and Tenon. Focusing on mortise and tenon, the exhibition tells the origin of mortise and tenon through various forms of exhibits and education programs, such as physical objects, miniatures,interactive models, multimedia, carpentry workshops, etc., and shows the application of mortise and tenon technology in different fields such as ancient architecture, Chinese furniture, ship building and bridge building, as well as in modern production and life. The exhibition aims to spread ancient science and technology, inherit cultural heritage, carry forward the craftsman spirit and lead the audience to experience the enduring charm of mortise and tenon.

It is precisely in this spirit that we have compiled The Charm of Mortise and Tenon so as to let more people approach mortise and tenon, understand this ancient Chinese traditional technology, and feel its scientific and exquisite design, profound cultural heritage and implicit inherent beauty.

The exhibition has been guided and helped by many experts and scholars in the preparatory process. We would like to express our sincere thanks and respect. And because of the style of this book, the documents referenced and quoted in the exhibition cannot be specified in the book one by one. We sincerely salute the authors of the documents.

We hereby dedicate the exhibition and book to the great scientists and

skilled artisans in ancient China.

Board of Editors for

The Charm of Mortise and Tenon
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第一章 七千年前的发明Chapter OneThe Invention from 7,000 Years Ago

中国的榫卯结构起源于新石器时代。距今7000年前，河姆渡人(生活在今天的浙江余姚地区的一个原始部落)在建造干栏式建筑时，已经使用榫卯技术。从河姆渡文化遗址出土的木构件大到柱、梁、枋、板，小至栏杆的木楞，都无一例外地采用了这种先进的密合连接方式。正因如此，榫卯被称为早于汉字历史的民族符号。

The mortise and tenon structure in China originated from the Neolithic Age. 7,000 years ago, the technology of mortise and tenon had been adopted when the people of Hemudu, who lived in Yuyao, Zhejiang Province as a primitive tribe, built stilt style houses. The wooden components unearthed from the Hemudu civilization site, such as pillars, beams, tie beams, boards, battens of railings, are all made out of the mortise and tenon structure which was more advanced than others on the compactness of connections, making it a national symbol which was earlier than the history of Chinese characters.

一、巢居 ——一种原始的居住形式



Nest Dwelling — A Living Style in Ancient Times

巢居是指上古时期，居住在地势低洼、潮湿地区的原始人类为躲避蛇、虫、野兽的侵袭，在树木上用树枝搭架而成的居所，因其形状类似于鸟巢，故名巢居。

原始的巢居是在单株大树上架巢，即在分枝开阔的树杈间铺设枝干茎叶，构成居住面，其上再将枝干相交构成避雨的棚架。后来发展为在相邻的多棵树上架巢，到新石器时代中期演变为干栏式建筑。

In ancient times, primitive humans living in low-lying and humid areas invented the nest dwelling to protect themselves from the invasion of snakes, insects and beasts. They used branches to build rooms on trees, just like the way birds build nests, hence the name.

The original form of the nest dwelling can be presumed to be a nest on a single tree: laying small branches, stems and leaves among branches to form a living platform, and then crossing branches above to form a shelter. Later it developed into nesting on many adjacent trees, and in the middle of the Neolithic Age, it evolved into the wooden stilt style building.


巢居模型

Model of Nest Dwelling





二、干栏式建筑

Wooden Stilt Style Buildings

距今7000年前，河姆渡人在巢居的基础上发明了干栏式建筑。这种建筑是用竖立的木桩构成高出地面的底架，底架上有大小梁木承托着的悬空的地板，板上立柱安梁，用芦席围墙、茅草盖顶，上面住人，下面饲养牲畜。最大单幢建筑面宽至少23米，进深约7米，前檐有宽约1.1米的走廊，其前沿设直棂木栏杆。地板高出地面0.8~1米，用木梯上下。

干栏式建筑的建造模式使其既能防水防潮，又能躲避虫兽侵袭。河姆渡干栏式建筑是中国最早的木构建筑，其梁架等构造中已采用榫卯结合工艺。

Wooden stilt style buildings were invented on the basis of nest dwelling by the Hemudu people 7,000 years ago. For this kind of building, people used erected wooden piles to form a ground frame that was higher than the ground. There was a hang floor supported by large and small beams of wood on the bottom frame, the columns on the board were installed with beams on top, and reeds and thatches were used respectively to build walls and roofs. People lived up there and kept livestock down there. The longest building had a longitudinal length of more than 23 meters. The long house was about 7 meters deep, with about 1.1-meter wide front corridor, equipped with a straight wooden railing. The floor was 0.8–1 meter above the ground, with a wooden ladder for people to walk up and down.

The construction of wooden stilt style buildings has the effect of being waterproof, moisture-proof and reptiles-proof. Wooden stilt style buildings of the Hemudu people were the earliest wooden framework buildings in China, using the mortise and tenon technology in its framework construction.


干栏式建筑模型

Model of Wooden Stilt Style Buildings





三、河姆渡木榫卯（文物）



Wooden Mortise and Tenon Found at Hemudu (Relic)

右图为河姆渡遗址出土的榫卯木构，距今约7000年。

1973年，在河姆渡遗址，人们发现了大量榫卯结构的木质构件，这是我国迄今为止已发现的最早的榫卯。这一时期金属工具尚未出现，使用石器加工木料并非易事，因此榫卯大多比较粗糙，只在原木上稍做修整。但对当时的原始生产水平而言，榫卯技术已经达到相当高的水平，多种明清时期常用的柱头柱脚榫、燕尾榫、企口榫等榫卯在当时已经出现雏形。这些榫卯结构主要应用在河姆渡干栏式房屋的建造上。

The wooden framework of the mortise and tenon unearthed from the Hemudu site (see the right figure) can be traced back to about 7,000 years ago.

In 1973, a large number of wooden mortise and tenon components were discovered in the Hemudu site, and those were the earliest mortises and tenons found in China so far. During this period, without metal tools, it was not easy to use stone tools to process wood. Therefore, most of the mortises and tenons were quite rough, only slightly processed on logs. However, in terms of the primitive production situation at that time, the technology had reached a very high level that many kinds of mortises and tenons commonly used in the Ming and Qing dynasties were formed then, such as column tenon, swallow-tail-shaped tenon and lug tenon. These mortise and tenon structures were mainly adopted in the construction of wooden stilt style buildings of Hemudu.


河姆渡木榫卯（文物）

Wooden Mortise and Tenon Found at Hemudu (Relic)





四、鲁班锁

Luban Puzzle

鲁班锁是一种古老的益智玩具，传说是由中国古代工匠鲁班发明的。鲁班锁，亦称孔明锁、难人木等，它起源于中国古代建筑中的榫卯结构，拼装时需要仔细观察，认真思考、分析，有利于开发智力，让手指变得灵活。鲁班锁具有结构巧妙、扣合严密、易拆难装的特点。随着鲁班锁的流传，民间又逐渐在六根锁的基础上派生出不同数量、不同形式的鲁班锁。可以说，鲁班锁是榫卯技术发展到一定程度的表现。








Luban puzzle is an ancient puzzle. It is said that it was invented by Luban, an ancient Chinese craftsman. Luban puzzle, also known as Kongming lock, hard wood and so on, originated from the mortise and tenon structure in ancient Chinese architecture. In assembling, it requires careful observation, thinking and analysis, which can help to develop intelligence and make the fingers more flexible. Luban puzzle has the characteristics of ingenious structure, tight closure, being easy to dismantle and difficult to assemble. With the spread of Luban puzzle, different numbers and forms of Luban puzzles were gradually derived by the folks based on the six-stick form. It can be said that Luban puzzle is a manifestation of the development of mortise and tenon technology to a certain level.


鲁班锁

Luban Puzzle






扫码有惊喜

Surprise for You






第二章 古代建筑的智慧 Chapter Two The Wisdom of Ancient Architecture

以木构架为主要结构方式的中国古代建筑，风格独特、自成体系，在世界建筑史上独树一帜，是人类建筑宝库中的一颗明珠。中国的木构架一般包括柱、梁、枋、檩、斗拱、椽子等基本构件，这些构件相互独立，需要用榫卯结构连接起来才能组成建筑。因此，榫卯结构是中国古代木构建筑系统的基本特征，也是中国建筑中最早具有科学意义的设计语言。中国古代出现过很多历经几百年不倒的建筑传奇，这些木构古建筑经受了多次地震的考验仍能安然无恙、巍然挺立，很大程度上归功于榫卯结构的巧妙设计。

Ancient Chinese architecture with wooden framework as its main structure has a unique style and self-contained system, which is distinguished in the history of world architecture as a pearl in the treasure house of human architecture. Chinese wooden framework generally includes basic components such as pillars, beams, tie beams, purlins, dougong and rafters, which are independent to each other and need to be connected in the structure of mortise and tenon to construct a building. Therefore, the mortise and tenon structure is the basic feature of the ancient Chinese wooden architectural system and also the earliest scientifically significant architectural language in China. In ancient China, there have been many legends of buildings that have not fallen for hundreds of years. The buildings have withstood many earthquakes and are still intact, which is largely attributed to the intelligent design of the mortise and tenon structure.

一、现存历代古建模型举例

Examples of Existing Ancient Architecture

1.佛光寺大殿

Hall of the Buddha Temple

中国现存规模最大、结构最复杂的唐代木构建筑，位于山西省五台县，建于唐大中十一年（857年）。大殿为单檐庑殿顶，面阔7间
❶

 ，进深4间，通长34米，总进深约17.66米。构架为殿堂型，由下层柱网层、中层铺作层和上层屋架层水平层叠而成。屋面坡度舒缓，出檐深远，檐下有雄大的斗拱，整体雄浑庄重、简洁明朗，彰显了大唐建筑的艺术风采。


佛光寺大殿模型（1︰35）

Model of Hall of the Buddha Temple（1︰35）





It is the largest and most complex wooden framework of the Tang Dynasty in China. Located in Wutai County, Shanxi Province, it was built in the 11th year of Dazhong Era of the Tang Dynasty (857). The main hall is in the form of single-eave hip roof, with a width of 7 jians
❶

 , a depth of 4 jians, a length of 34 meters, and a total depth of about 17.66 meters. The structure is palace-shaped, which consists of the horizontal layers of the lower pillar net layer, the middle layer and the upper roof truss layer. The slope of the roof is smooth, and the eaves are far-reaching. There are great dougong under the eaves. The building is, overall,magnificent and dignified, simple and clear, reflecting the artistic charm of the Tang Dynasty’s architecture.


佛光寺大殿实景图

Picture of Hall of the Buddha Temple





2.独乐寺观音阁

Guanyin Pavilion of the Dule Temple

中国现存最早的木构楼阁式建筑，位于天津市蓟州区，相传始建于唐朝，后于辽统和二年（984年）重建。它是一座三层的木构楼阁，其中第二层为暗层，通高23米，阁顶为单檐歇山顶。阁平面为长方形，面阔5间，进深4间。这座建筑的特色是中央有一个从上到下的大天井，用来容纳16米高的观音塑像，四周设两层围廊，人们可以在各层从不同角度进行观赏。

整个建筑的斗拱种类繁多，上下檐的斗拱粗大雄伟，排列疏朗，起承重作用。位于底层斗拱以上和平座楼板以下的夹层，在柱间施以斜撑，增强了结构的刚度，再加上榫卯结构“柔性构造”的减震作用，使得它1000多年来经受了28次地震的考验仍安然无恙，挺立至今。


独乐寺观音阁模型（1︰25）

Model of Guanyin Pavilion of the Dule Temple（1︰25）






独乐寺观音阁实景图

Picture of Guanyin Pavilion of the Dule Temple





It is the earliest existing wooden framework pavilion style structure in China, located in Jizhou District, Tianjin City. It is said that it was first built in the Tang Dynasty and was reconstructed in the 2nd year of Tonghe Era of the Liao Dynasty(984). It is a 23-meter three-story wooden framework pavilion, with a dark layer on the second floor and a single-eave gablet roof on the top. The plane of the pavilion is rectangular, 5 jians wide and 4 jians deep. The building features a internal courtyard from top to bottom in the center to accommodate a 16-meter-high statue of Guanyin, surrounded by two-story corridors, through which people can observe the statue in different views.

A great variety of dougong can be seen in the whole building. These dougong, arranged sparsely between the eaves, are strong and magnificent, supporting the load from top. The interlayer, which is located above the dougong of ground floor and below the floor slab of balcony, is placed with a tilt between the pillars to strengthen the stiffness of the structure. Also due to the shock-absorption effect of the “flexible structure” of the mortise and tenon, the building has withstood 28 earthquakes for more than 1,000 years. The architecture is still standing there, safe and sound.



3.晋祠圣母殿



Saint Mother’s Hall of the Jinci Temple

宋代建筑的代表作，建于北宋天圣年间（1023—1032年），崇宁元年（1102年）重修。大殿为重檐歇山顶，面阔7间，进深6间，殿高19米。屋顶覆盖黄琉璃瓦绿剪边，殿四周环绕回廊，前廊进深2间，极为宽敞。其构架采用了减柱处理，以廊柱和檐柱承托殿顶梁架，殿内不立一根柱子，从而扩大了殿内空间。大殿正面8根下檐柱上有木制雕龙缠绕，是《营造法式》中所记载的缠龙柱的现存孤例。整座建筑外形秀丽柔和，反映了北宋的建筑风格和审美意识。


晋祠圣母殿模型（1︰25）

Model of Saint Mother’s Hall of the Jinci Temple（1︰25）






晋祠圣母殿实景图

Picture of Saint Mother’s Hall of the Jinci Temple





As a masterpiece of the architecture of the Song Dynasty, it was built during Tiansheng Era of the Northern Song Dynasty (1023-1032) and rebuilt in the 1st year of Chongning Era (1102). The hall is 19 meters high, 7 jians wide and 6 jians deep. It has a double eaves gablet roof on the top, which is covered with yellow glazed tiles and green glazed cutting edge. Surrounding the hall, there is a corridor with the front extremely spacious entering the depth of two jians. The column reduction technology is adopted to support the top beam frame of the hall with the corridor columns and eaves columns, there being no pillars in the hall, which expands the space inside the hall. There are wooden dragon sculptures wrapped around the eight lower eaves column in front of the temple, which are the only existing example of the dragon column design recorded in Methods of Construction. The Saint Mother's Hall is graceful and soft, showing the architectural style and aesthetic consciousness of the Northern Song Dynasty.

4.永乐宫三清殿



The Sanqing Hall in the Yongle Palace

永乐宫为元代道观建筑的典型，位于山西省芮城县永乐镇，相传是道教祖师之一吕洞宾的故居。永乐宫建筑规模宏伟，现存的主要建筑有三大殿，包括三清殿、纯阳殿、重阳殿。其中三清殿是永乐宫的主殿，面阔7间，进深4间，单檐庑殿顶。殿内减柱，仅用8根内柱。其形制独特，立面各部分比例和谐，外观柔和秀美，是元代建筑中的精品。

The Yongle Palace is a typical Taoist construction built in the Yuan Dynasty. It is located in Yongle Town, Ruicheng County, Shanxi Province. It is said that it is the home of Lü Dongbin, one of the Taoist ancestors. The Yongle Palace is a magnificent building. The Sanqing Hall, the Chunyang Hall and the Chongyang Hall are three main existing buildings, of which the Sanqing Hall is the main temple of the Yongle Palace. The Sangqing Hall is 7 jians wide and 4 jians deep, with a single-eave hip roof. With column reduction technology, there are only 8 inner columns inside the hall. With its unique form, harmonious proportion for all the parts of facades, soft and beautiful appearance, the Sanqing Hall reflects the superb architectural level of the Yuan Dynasty.


永乐宫三清殿模型（1︰30）

Model of the Sanqing Hall in the Yongle Palace（1︰30）






永乐宫三清殿正立面图

Front Elevation of the Sanqing Hall in the Yongle Palace






永乐宫三清殿纵剖面图

Longitudinal Section of the Sanqing Hall in the Yongle Palace






永乐宫三清殿纵剖面图

Longitudinal Section of the Sanqing Hall in the Yongle Palace





5.雍和宫牌楼



Decorated Gateway of the Yonghe Lama Temple

牌楼是中国古代建筑的一个特殊类别，属于一种纪念性或标志性建筑，多建于宫苑、寺观、陵墓、祠堂、衙署和街道路口等地方，具有表彰、纪念、装饰、标识和导向等作用。

雍和宫是中国规格最高的佛教寺院之一，修建于清康熙三十三年（1694年），曾经为雍亲王府，雍正三年（1725年）上院被改为行宫，称“雍和宫”，乾隆九年（1744年）改作正式的藏传佛教的寺庙。雍和宫门前有三座木结构牌楼，是乾隆皇帝为其母祝寿而建，牌楼造型优美典雅，气势庄重雄伟。


雍和宫西牌楼模型（1︰15）

Model of West Decorated Gateway of the Yonghe Lama Temple（1︰15）





The decorated gate way is a special category of ancient Chinese architecture. As a memorial or landmark building, it was used in ancient China for recognition, commemoration, decoration, marking and guidance. It was mostly built in palaces, temples, tombs, ancestral halls, government offices, and street crossings.

The Yonghe Lama Temple is one of the highest level Buddhist monasteries in China. It was built in the 33th year of Emperor Kangxi’s reign of the Qing Dynasty(1694), and was the prince’s mansion at that time. In the 3rd year of Emperor Yongzheng’s reign (1725), it was changed into a traveling palace, called “Yonghe Palace”. In the 9th year of Emperor Qianlong’s reign (1744), it was officially changed into a Tibetan lama temple. There are three wooden decorated gateways in front of the Yonghe Lama Temple, which were built at the request of Emperor Qianlong for his mother’s birthday. These decorated gateways are elegant and magnificent.


雍和宫西牌楼侧立面图

Side Elevation of West Decorated Gatewayof the Yonghe Lama Temple






雍和宫西牌楼正立面图

Front Elevation of West Decorated Gateway of the Yonghe Lama Temple





6.紫禁城角楼



Turret of the Forbidden City

紫禁城角楼坐落在紫禁城城垣四角之上，是拱卫皇城的防御性建筑。角楼初建于明永乐十八年（1420年），高27.5米，平面呈曲尺形，结构为9梁18柱，屋顶有3层，由多个歇山式结构组成复合式屋顶，覆黄琉璃瓦，共72条屋脊。角楼各部分比例协调，檐角秀丽，造型玲珑别致，翘起的檐角层层叠叠，蔚为壮观，是中国古代建筑的杰作。

从紫禁城角楼的局部剖面模型中可以看到紫禁城角楼内部的榫卯结构。

The Forbidden City turrets are defensive buildings, located in the four corners of the wall of the Forbidden City. The construction of these turrets was started in the 18th year of Yongle Era of the Ming Dynasty (1420). A turret is a multi-angle building with a four-sided convex plane combination. It is 27.5 meters high, with 9 beams, 18 columns, 72 ridges and a complex three-story gablet roof covered by yellow glazed tiles. The design of the turrets is exquisite and well-proportioned, with various spectacular multi-level eave angles, making it a masterpiece of ancient Chinese architecture.

This model is a local profile model of the Forbidden City turret, from which we can see the mortise and tenon structure inside the turret.


紫禁城角楼立面结构图

Facade Structure of Turret of the Forbidden City






紫禁城角楼局部剖面模型（1 ︰ 20）

Local Profile Model of Turret of the Forbidden City（1 ︰ 20）






紫禁城角楼实景图

Picture of Turret of the Forbidden City






扫码有惊喜

Surprise for You





二、木构架建筑的三种类型



Three Types of Wooden Framework Construction

1.抬梁式木构架



Post-and-lintel Wooden Framework

抬梁式木构架主要由柱、梁、檩、枋等基本结构组成，其构建形式是在房基上立柱，柱上架梁，再在梁上重叠数层短柱和梁，自下而上，逐层缩短，逐层加高，至最上层梁上立脊瓜柱，构成一组木构架。在相邻两组木架间，用横向的枋和檩连接，檩间架椽，构成双坡顶房屋的空间骨架。抬梁式木构架在春秋时已出现，唐代发展成熟，多用在宫殿、庙宇、寺院等大型建筑以及北方民间建筑中。抬梁式木构架的优点在于室内柱子较少，空间开阔，缺点在于用料量较大，消耗木材较多。


抬梁式木构架模型

Model of Post-and-lintel Wooden Framework





Post-and-lintel construction consists of pillars, beams, purlins, tie beams and other basic components. In this structure, pillars are erected on the foundation, beams are set on the pillars, and then several layers of short pillars and beams are overlapped on the beams. From the bottom to the top, as the height increases, the length will be shorter layer by layer. Finally, there is a king post on the top, forming the entire wooden framework. In the spatial framework of the house with double sloping roof, the adjacent two sets of wooden frameworks are connected with transverse tie beams and purlins, and the purlins are connected with rafters. The post-and-lintel wooden framework appeared in the Spring and Autumn Period and became maturely developed in the Tang Dynasty. It was widely used in large buildings such as palaces, temples, monasteries and northern folk constructions. The advantages of the post-and-lintel wooden framework lie in fewer indoor pillars and large indoor space, while its disadvantages lie in larger material and wood consumption.


抬梁式木构架结构图

Structure of Post-and-lintel Wooden Framework






抬梁式木构架侧立面结构图

Side Structure of Post-and-lintelWooden Framework






扫码有惊喜

Surprise for You





2.穿斗式木构架



Column-and-tie Wooden Framework

穿斗式木构架主要由柱、檩、穿、挑等基本结构组成，其建构形式是沿着房屋的进深方向立柱，每根柱上架一檩，檩上布椽，屋面荷载直接由檩传至柱。每排柱子靠穿透柱身的穿枋横向贯穿起来，形成一榀构架。每两榀构架之间，用斗枋把柱子串联起来，形成一间房间的空间构架。这种木构架在汉代已经相当成熟，被中国南方民居普遍采用。穿斗式木构架的优点在于用料量较小，经济实用，缺点在于室内柱子密集，空间不够开阔。


穿斗式木构架模型

Model of Column-and-tie Wooden Framework





Column-and-tie Wooden framework consists mainly of columns, purlins, crossbeams and cantilevers. Its construction is to set up columns in the depth’s direction of the house. Each column has a purlin on the top, then rafters are set on the purlins, and the roof load will be transmitted directly from purlins to columns. Each row of the columns is transversely penetrated by the penetrating tie beams, forming a frame. Between every two frameworks, the columns are connected in series with the transverse tie beams, forming a spatial structure of a room. Column-and-tie construction became mature no later than the Han Dynasty, and was widely applied in the dwelling houses in south China. The advantages of the column-and-tie wooden framework lie in fewer material and wood consumption, while its disadvantages lie in more indoor pillars and limited indoor space.


穿斗式木构架结构图

Structure of Column-and-tie Wooden Framework






穿斗式木构架侧立面结构图

Side Structure of Column-and-tie Wooden Framework






扫码有惊喜

Surprise for You





3.井干式木构架



Log Cabin Wooden Framework

井干式木构架是一种不使用立柱和大梁的房屋结构。这种结构以圆木或横截面为矩形、六角形的木料平行向上层层叠置，在转角处木料端部交叉咬合，形成房屋四壁，形如古代水井的木围栏，再在左右两侧壁上立矮柱，承脊檩，构成房屋。商代后期的陵墓内已经使用井干式木椁，最早的井干式房屋则出现于汉代。井干式建筑的特点是：墙体除起围护作用外，也起承重作用。由于木材消耗量大，因此只适合建在木材丰盛的森林地区。


井干式木构架模型

Model of Log Cabin Wooden Framework






井干式木构架结构图

Structure of Log Cabin Wooden Framework





Log cabin wooden framework is a structure type that uses no columns or beams. This structure is in the form of stacked parallel layers of round wood or logs with rectangular and hexagonal cross-section, with the ends of the wood crossing at the corner to form the four walls of the house. It is shaped like a wooden fence of an ancient well. On the left and right sides of walls, the short columns are placed, supporting ridged tie purlins to form a house. In the late Shang Dynasty, log cabin wooden framework was used to build caskets in the tombs, and the earliest log cabin house didn’t appear until the Han Dynasty. The characteristic of log cabin wooden framework is that the wall plays both load-bearing and protective roles, but due to the large wood consumption, it is only suitable for areas with abundant forest lumber.

三、清式大木构架建筑与它的节点



The Large Wooden Framework Construction in the Qing Dynasty and Its Node Patterns

一个完整的建筑，由梁、枋、檩、椽、柱、板、斗拱等成千上万个组件构成，它们之间彼此的结合点就是一个节点，这些节点是整个建筑构架的重要关节，一旦关节失去联系，大厦即有倾覆之险。一座木构建筑主要含有四类节点：柱下节点、柱头节点、柱身节点和梁檩节点。

A complete construction consists of thousands of components including beams, tie beams, purlins, rafters, columns, boards, dougong, etc. Each joint of those components is a node. These nodes are important joints of the entire architectural framework. Once the joints lose contact, an edifice will be in danger of collapsing. The node patterns of a wooden framework construction are mainly divided into four categories: pillar-end node, pillar-head node, pillar-body node and beam-purlin node.


清式大木构建筑与它的节点组合（互动模型和多媒体）

The Large Wooden Framework Construction of the Qing Dynasty and Its Node Patterns （Interactive Model and Multimedia）





1.柱下节点



Pillar-End Node

柱脚部位的各构件相互连接，形成柱下节点。

The various parts of the pillar base connect each other, forming the pillar-end node.


柱下节点示意图

Illustration of Pillar-End Node





2.柱头节点



Pillar-Head Node

柱头节点是建筑构架最主要、最关键的节点。各方向的荷载都经此节点，传到柱础。组成这一节点的构件有柱、梁、枋、檩和斗拱等。

The pillar-head node is the most important and critical node of the architectural framework. The load in all directions is transmitted to the plinth through this node. The components that make up this node are pillars, beams, tie beams, purlins, dougong and so on.


柱头节点示意图

Illustration of Pillar-Head Node





3.柱身节点



Pillar-Body Node

柱身节点是柱与梁、枋等构件的榫卯结合点。

The pillar-body node is the mortise and tenon connection point of components such as pillars, beams and tie beams.


柱身节点示意图

Illustration of Pillar-Body Node





4.梁檩节点



Beam-Purlin Node

清代的小式建筑和民居中，桁檩直接搁置在梁头，形成梁檩节点。

In small buildings and residential buildings of the Qing Dynasty, the purlins were directly placed on the beam head to form the beam-purlin node.


梁檩节点示意图

Illustration of Beam-Purlin Node





四、中国古代建筑特有的构件——斗拱



A Unique Feature of Ancient Chinese Architecture—Dougong

斗拱是中国古代建筑上特有的、集榫卯技术大成的特殊构件。它是大型建筑物的柱与屋顶之间的过渡部分。其功用在于将屋顶的重量传递到柱子上，再由柱子传到柱础。斗拱纵横叠交，形成一层斗拱群，可以起到抗震的作用。斗拱也用于挑出屋顶的屋檐，使得建筑物出檐更加深远，造型更加优美壮观。由于它的构造精巧，造型美观，因此也是很好的装饰性构件。此外，斗拱还是封建等级制度在建筑上的主要标志之一，唐代以后规定民间建筑不得使用。

斗拱的种类很多，形制复杂。按使用部位可以分为内檐斗拱、外檐斗拱和平座斗拱。外檐斗拱又分为柱头科斗拱、角科斗拱和平身科斗拱。

Dougong is a special component which is unique in ancient Chinese architecture and demonstrates the whole set of mortise and tenon technology. It is a transitional part between the column and the roof of a large building. Its function is to transfer the roof load through columns to the plinth. The dougong crisscross in length and width, forming a complex, which has the function of being earthquake-proof. In addition, dougong can extend eaves outward, making the eaves more far-reaching and the building more beautiful and spectacular. Due to its sophisticated design and elegant shape, it is an exquisite decoration in ancient Chinese architecture. Dougong was also one of the main symbols of the feudal hierarchy expressed in architecture. Dougong was not allowed to be used in folk buildings since the Tang Dynasty.

There are many kinds of dougong with complex shapes and construction. According to its usage in the building, it can be divided into inner-eaves dougong, outer-eaves dougong and balcony dougong. The outer-eaves dougong can be divided into pillar-head dougong, eaves-corner dougong and crossbeam dougong.


扫码有惊喜

Surprise for You





1.斗拱爆炸模型

Explosion Model of Dougong

斗拱由斗、升、拱、翘、昂等部件组成。方形木块叫斗，小一点的称为升，弓形短木叫拱（横者为拱，纵者为翘），斜置长木叫昂。这些部件纵横交错层叠，逐层向外挑出，形成上大下小的托座。

Each set of dougong consists of components called “dou” “sheng” “gong” “qiao” “ang”, etc. The square wood block is called “dou”, the smaller one is called “sheng”, the bow-shaped short wood is called “gong” (The horizontal one is called “gong”, and the vertical one is called “qiao”), and the oblique long wood is called “ang”. Those components crisscross and extend outward layer by layer, forming an inverted pyramid structure.


斗拱爆炸模型

Explosion Model of Dougong





2.唐代柱头斗拱模型



Model of Pillar-Head Dougong of the Tang Dynasty

斗拱有2000多年的发展历史，从西周到南北朝晚期为斗拱的初始形成阶段。唐代至元代是斗拱的结构力学与建筑造型完美结合的成熟阶段。

此模型为唐代建筑佛光寺大殿上的柱头斗拱模型，斗拱与柱子高度比为1︰2，可以看出唐代斗拱的形制硕大。

Dougong has a history of more than 2,000 years. The period from the Western Zhou Dynasty to the late Northern and Southern Dynasties saw the initial development of dougong. In its mature stage, which is from the Tang Dynasty to the Yuan Dynasty, the structural mechanics and architectural modeling of dougong were perfectly blended.

This model is the shrinkage model of the pillar-head dougong in the main hall of the Foguang Temple of the Tang Dynasty. The ratio of height of the dougong to the pillar is 1︰2, indicating the huge shape of dougong in the Tang Dynasty.


唐代柱头斗拱模型（1︰7）

Model of Pillar-Head Dougong of the Tang Dynasty（1︰7）





3.清代柱头斗拱模型



Model of Pillar-Head Dougong of the Qing Dynasty

明清时期，斗拱的尺寸缩小，其结构功能逐渐被削弱，装饰作用愈来愈突出。

此模型为清代建筑故宫太和殿上的柱头斗拱缩比模型，斗拱与柱子高度比为1︰6，可以看出清代斗拱的用料和尺寸相较于唐代斗拱大为缩小。

During the Ming and Qing dynasties, the size of the dougong was reduced, its structural function was gradually weakened, while its ornamental function became more outstanding.

This is the shrinkage model of a pillar-head dougong of the Hall of Supreme Harmony of the Forbidden City in the Qing Dynasty. The ratio of height of the dougong to the pillar is 1︰6, indicating that the consumption and size of dougong in the Qing Dynasty were much smaller than those in the Tang Dynasty.


清代柱头斗拱模型（1︰7）

Model of Pillar-Head Dougong of the Qing Dynasty（1︰7）





4.斗拱受力互动模型



Interactive Model of Application of Force on Dougong

斗拱位于建筑的柱、梁之间，承受上部梁架、屋面的荷载，并将荷载传导到柱子上，再由柱子传到柱础，具有承上启下、传递荷载的作用。

该展品为斗拱受力互动模型，观众启动按钮，给斗拱加压，可通过偏振片观察斗拱模型受力后的色彩变化，颜色越深处，应力越集中。

The dougong is located between the column and the beam to bear the load of the upper beam frame and the roof. The load is transmitted through dougong to the column, then to the plinth. Dougong acts as a link between the upper and lower parts of the wooden frame structure.

By pressing the operating button of this interactive model to put pressure on dougong, you can observe the changes in color with application of force on the dougong model through the polarizer. The darker the color is, the more concentrated the stress is shown.


斗拱受力互动模型

Interactive Model of Application of Force on Dougong





五、建筑榫卯的种类



Types of Mortise and Tenon in Architecture

榫卯结合是中国古代建筑最主要的结构特点。一座大型的古代木构建筑，要由成千上万个木构件组合而成。除了椽子、望板这类屋面木基层构件外，其余木构件几乎全部凭榫卯结合在一起。通过榫卯，各种独立、松散的构件组合成具有荷载承受能力的结构体。

建筑榫卯种类繁多，形状各异，常用的榫卯结构有管脚榫、馒头榫、燕尾榫、箍头榫、透榫、半榫、十字刻半榫、十字卡腰榫、桁椀、趴梁阶梯榫、勾头搭掌榫、倒拖榫、鼻子榫、萧眼穿串-藕批搭掌榫和栽销等。古代工匠在选择榫卯类型时，除了功能及结合强度外，还要考虑木构件的安装位置及构件搭接顺序。

The combination of mortise and tenon is the fundamental structural feature of ancient Chinese architecture. A large wooden framework construction is made up of thousands of wooden components. Most of these independent wooden components, except for the components of wood roof decking blocks such as rafters and roof boarding, are almost entirely connected into a structure with load-bearing capacity by mortise and tenon.

There are many kinds of mortise and tenon in different shapes. The common structures of mortise and tenon in architecture include: foot tenon, steamed-bun-shaped tenon, swallow-tail-shaped tenon, hoop-shaped tenon, penetrating tenon, semi-tenon, cross-shaped semi-tenon, cross-clamped waist tenon, truss, squat beam ladder tenon, hook-tipped palmar tenon, reverse dragging tenon, nose-shaped tenon, semi-tenon xiao yan penetration and oupi dazhang tenon, semi-tenon dowel, etc. In the practical application of the mortise and tenon, ancient craftsmen should consider not only the function and bonding strength, but also the installation position of wood components and the sequence of component lapping.


建筑榫卯拼搭模型

Assembled Models of Mortise and Tenon in Architecture





1.管脚榫



Foot Tenon

固定柱脚的榫，用于各种落地柱的根部，与柱顶石的海眼咬合。其作用是防止柱脚位移。


管脚榫示意图

Illustration of Foot Tenon





Fixed at the foot of a column, it is used at the root of various columns to connect the mortise of the foundation stone to prevent the foot of the column from shifting.


管脚榫实物图

Picture of Foot Tenon





2.馒头榫与燕尾榫



Steamed-Bun-Shaped Tenon and Swallow-Tail-Shaped Tenon

馒头榫为柱头与梁头垂直相交时所用的榫，与之相对应的是梁头底面的海眼。它的作用在于柱与梁垂直结合时避免水平移位。

两块平板直角相接，为防止受到拉力时脱开，将榫头做成了梯台形，故名燕尾榫。这种榫多用于拉接联系构件，如在檐枋、额枋等水平构件与柱头相交的部位使用。


馒头榫与燕尾榫示意图

Illustration of Steamed-Bun-Shaped Tenon and Swallow-Tail-Shaped Tenon



Steamed-bun-shaped tenon is used to connect the pillar-head and beam-head vertically, and the corresponding mortise is on the bottom of the beam-head. This structure is built to avoid horizontal displacement when the pillar is vertically combined with the beam.

When two flat boards are connected at a right angle, in order to prevent the disconnection under pulling force, the head of tenon is made into ladder shape, hence it’s known as swallow-tail-shaped tenon. This type of tenon is mostly used to pull and hold the contacting components, such as the part that connects the pillar head and the horizontal components, like the eaves tie beam, forehead tie beam and so on.


馒头榫与燕尾榫实物图

Picture of Steamed-Bun-Shaped Tenon andSwallow-Tail-Shaped Tenon



3.箍头榫



Hoop-Shaped Tenon

箍头榫是枋与柱在尽端或转角部相结合时采用的一种特殊结构的榫。“箍头”是箍住柱头的意思。


箍头榫示意图

Illustration of Hoop-Shaped Tenon



Hoop-shaped tenon is a special structure that is used when the tie beam and the pillar combine at the end or corner. “Hoop” means to hoop the pillar head.


箍头榫实物图

Picture of Hoop-Shaped Tenon



4.透榫

Penetrating Tenon

又称大进小出榫。所谓大进小出是指榫的穿入部分，高按梁或枋本身高，而穿出部分则按穿入部分减半。透榫用在抱头梁后尾或穿插枋中，交于柱子上。


透榫示意图

Illustration of Penetrating Tenon



It’s also known as tenon with big entry and small exit. The so-called “big and small” refers to the fact that the penetrating part of the tenon is as high as the beam or the tie beam, while the piercing part is half size of the penetrating part. Such kind of tenon is used at the tail of the head beam or the tie beam and set on the pillar.


透榫实物图

Picture of Penetrating Tenon



5.半榫



Semi-Tenon

半榫的使用部位与透榫大致相同，但特殊需要除外。使用半榫是在无法使用透榫的情况下不得已的做法。


半榫示意图

Illustration of Semi-Tenon



The used part of the semi-tenon is generally the same as that of the penetrating tenon, except for special needs. It serves as a backup plan when the architect could not use the penetrating tenon.


半榫实物图

Picture of Semi-Tenon



6.十字刻半榫



Cross-Shaped Semi-Tenon

主要用于方形构件的十字搭交，最多见于平板枋的十字相交。


十字刻半榫示意图

Illustration of Cross-Shaped Semi-Tenon



It is mainly used for the cross connection of square components, and is most commonly found in the cross of flat tie beams.


十字刻半榫实物图

Picture of Cross-Shaped Semi-Tenon



7.十字卡腰榫



Cross-Clamped Waist Tenon

俗称马蜂腰，主要用于圆形或带有线条的构件的十字相交处，以搭交桁檩。


十字卡腰榫示意图

Illustration of Cross-Clamped Waist Tenon



Commonly known as hornet waist, it is mainly used for cross intersection of round or line components to connect the purlin.


十字卡腰榫实物图

Picture of Cross-Clamped Waist Tenon



8.桁椀



Truss

用于承托桁。凡桁檩与柁梁、脊瓜柱相交处，都需要使用桁椀。


桁椀示意图

Illustration of Truss



It is used for supporting the purlin. At the intersection of the purlin and the beam or the king post, a truss is required.


桁椀实物图

Picture of Truss



9.趴梁阶梯榫



Squat Beam Ladder Tenon

多用于趴梁、抹角梁与桁檩半叠交，以及短趴梁与长趴梁相交的部位。


趴梁阶梯榫示意图

Illustration of Squat Beam Ladder Tenon



It is mostly used for the semi-overlapping of the squat beam, the angle beam and the purlin, as well as the intersection of the short and long squat beams.


趴梁阶梯榫实物图

Picture of Squat Beam Ladder Tenon



10.勾头搭掌榫



Hook-Tipped Palmar Tenon

宋式大木建筑中用于普拍枋的连接。


勾头搭掌榫实物图

Picture of Hook-Tipped Palmar Tenon



It was used for the miter joint of pupai tie beam in the large wooden framework construction in the Song Dynasty.


勾头搭掌榫示意图

Illustration of Hook-Tipped Palmar Tenon



11.倒拖榫



Reverse Dragging Tenon

用于天花枋与柱子连接处。


倒拖榫示意图

Illustration of Reverse Dragging Tenon



It is used for the connection between the ceiling tie beam and the column.


倒拖榫实物图

Picture of Reverse Dragging Tenon



12.鼻子榫



Nose-Shaped Tenon

用于山柱与脊檩的交接处。


鼻子榫示意图

Illustration of Nose-Shaped Tenon



It’s used for joint of the mountain pillar and the ridged purlin.


鼻子榫实物图

Picture of Nose-Shaped Tenon



13.萧眼穿串-藕批搭掌榫



Semi-Tenon Xiaoyan Penetration and Oupi Dazhang Tenon

宋代建筑中用于梁与柱子的连接处，一直延续到明代。


鼻子榫示意图

Illustration of Nose-Shaped Tenon



It was used for the connection between the beam and the pillar of constructions in the Song Dynasty and its use lasted until the Ming Dynasty.


萧眼穿串- 藕批搭掌榫实物图

Picture of Semi-Tenon Xiaoyan Penetration andOupi Dazhang Tenon



14.栽销



Semi-Tenon Dowel

在两层构件相叠面的对应位置凿眼，然后把木销栽入下层构件的销子眼内。安装时，将上层构件的销子眼与已栽好的销子榫对应入卯。栽销多用于额枋与平板枋之间、老角梁与仔角梁之间以及叠摞在一起的梁与随梁之间等。


栽销示意图

Illustration of Semi-Tenon Dowel



Cut the mortise in the corresponding position of the two-tiered building block, and then insert the wood pin into the pin eye of the lower building block. When conducting the installation, set the upper part with mortise to the lower part inserted with pin tenon. The semi-tenon dowels are mostly used between the forehead tie beams and the flat tie beams, between the old beams and the cheek beams, and between the overlapping beams and the sui beams.


栽销实物图

Picture of Semi-TenonDowel



六、榫卯结构的抗震性能



Anti-Seismic Capacity of Mortise and Tenon Structure

1.应县木塔



Wooden Pagoda of Ying County

应县木塔位于山西省应县佛宫寺内，建于辽清宁二年（1056年），塔高67.31米，底层直径30.27米，为中国现存最大、最高的多层木构建筑，也是世界上现存最高的古代木构建筑。塔的平面为八角形，外观为五层六檐，第二层以上内设4个暗层，共有9个结构层。木塔明暗各层都有内外两圈柱子，所有的柱子用梁、枋连接成筒形框架，形成双层套筒结构。塔的每层由平座、柱、斗拱和屋檐组成。为避免各层重复而产生单调感，每层檐下的斗拱造型各异、丰富多彩，共计54种之多。900多年来，应县木塔经历了十余次地震，但其主体结构没有受到大的损坏，反映出中国木构建筑建造技术的高超水平。

Located in Fogong Temple, Ying County, Shanxi Province, the wooden pagoda was built in the 2nd year of Qingning Era of the Liao Dynasty (1056). With a height of 67.31 meters, the diameter of the bottom floor 30.27 meters, it is the largest and highest existing multi-story wooden framework construction in China and also the highest existing ancient wooden framework construction in the world. The octagonal pagoda has five stories (nine stories if the four mezzanines above the second floor are also included) and six levels of eaves. Inner and outer circles of pillars are set on each story and mezzanine of the pagoda. All the pillars are connected into a cylindrical frame with beams and tie beams to form a double-layer sleeve structure. Each story of the pagoda consists of balconies, columns, dougong and eaves. To avoid the monotony caused by the sameness of each story, different types of dougong were created for eaves of each layer, totaling 54 kinds. For more than 900 years, the pagoda has withstood more than ten earthquakes with its main structure intact, reflecting the superior level of Chinese wooden building technology.


应县木塔模型与AR 扫描仪

Model of Wooden Pagoda of Ying County and AR Scanner






应县木塔实景图

Chapter Two The Wisdom of Ancient ArchitecturePicture of Wooden Pagoda of Ying County





知识链接

应县木塔为什么能屹立近千年而不倒？



How could the wooden pagoda of Ying County stand for nearly one thousand years after its construction?

应县木塔抗震的关键是其由榫卯组成的特殊柔性结构体，这种结构件不但可以承受较大的荷载，而且允许产生一定的变形，通过变形吸收和消耗掉部分地震波的能量。而木塔上的斗拱在地震时也会像汽车减震器一样起到变形消能的作用。

此外，木塔的双层套筒式结构刚性很强，大大增强了木塔的抗倒伏性能。塔身暗层中设有斜撑，有效地加强了塔身的稳定性和刚性，防止其在地震时出现水平方向的位移和扭曲，强化了构架对水平冲击波反复作用的抵抗能力。

The special flexible structure composed by mortise and tenon is the key to the pagoda’s anti-seismic capacity. It can not only bear large load, but also allow certain deformation which absorbs and consumes some seismic energy. The dougong on the wooden pagoda plays the role of deformation and energy dissipation in the earthquake, just like the automobile shock absorber.

In addition, the double-layer sleeve structure of the wooden pagoda has strong rigidity, which greatly enhances the lodging-resistance of the wooden pagoda. The diagonal brace in the mezzanine effectively strengthens the stability and rigidity of the pagoda, preventing the horizontal displacement and distortion during the earthquake, reinforcing the framework’s resistance of the repeated action of horizontal shock wave.




木塔暗层内外槽柱网结构

Structure of the Inner and Outer Channel Columns in the Mezzanines of the Wooden Pagoda








木塔平面图

Plan View of the Wooden Pagoda






应县木塔剖面图

Sectional View of the Wooden Pagoda of Ying County





2.墙倒屋不塌的秘密



The Secret of “The Wall Collapsed but the Framework Stands”

用力推动震动平台，你会发现木构建筑的墙会很快倒塌，但木构框架却非常稳定。

中国的许多木结构古建筑能保存数百年甚至上千年，经历大大小小地震的考验仍能巍然矗立，足以证明其具有良好的抗震性能。之所以如此，是因为建筑结构采用了榫卯连接方式。榫与卯的相接部位并非完全密实，加上木材本身具有弹性，使得建筑的各节点都有一定的伸缩余量。每一个榫接点就像一个弹簧，能消除掉一部分地震波的能量，使得整个木构架的破坏程度减弱。当发生强烈地震时，尽管木构架由于大幅度的摇晃会产生一定的变形，但只要不折榫、不拔榫，就能“晃而不散，摇而不倒”。当地震波消失后，整个构架仍能恢复原状。即使墙体被震倒，也不会影响整个木构架的安全。这就是“墙倒屋不塌”这句谚语的由来。

Push the vibration platform hard, and you will find that the walls of the wooden framework construction collapse but the framework of the construction is standing still.

Many ancient Chinese wooden constructions have undergone earthquakes for hundreds or even thousands of years and are still able to stand upright, proving their good anti-seismic property. The reason lies in the special method of connecting the structural components with mortise and tenon. Since the joints of the mortise and tenon cannot be completely tight fit and the wood itself has a certain degree of elasticity, each node of the building has a certain range for expansion and contraction. Each mortise joint, like a spring, can eliminate certain energy of seismic wave and reduce the damage on the entire wooden framework. In big earthquakes, although the wooden framework will have deformation caused by mighty shake, as long as the tenons are not split or pulled out from the frame, it will “shake without dissipating or falling down”. When the seismic wave disappears, the whole wooden framework can still be restored to its original state. Even if the walls collapse, the safety of the entire wooden framework will not be affected. The proverb “The Wall collapsed but the framework stands” vividly illustrates the feature.


“墙倒屋不塌”互动模型

Interactive Model of “The Wall Collapsed but the Framework Stands”





七、中国古代建筑典籍

The Architectural Books in Ancient China

1.《营造法式》

Methods of Construction

《营造法式》是宋代官修的一部建筑典籍，由北宋时期主管工程的官员李诫于元符三年（1100年）奉旨编修而成，是中国第一部详细论述建筑工程做法的官方著作。它详细记录并整理了宋代建筑方面的制度、做法、用工、图样等资料，是研究宋代建筑以及我国古代建筑建造技术必不可少的参考书。

Methods of Construction is an architectural book of the Song Dynasty. It was compiled by the supervising official, Li Jie, who was in charge of the project, in the 3rd year of Yuanfu Era of the Northern Song Dynasty (1100). It is the first official book in China that discusses the practice of construction projects in detail, comprehensively recording and collating the system, practice, employment, and drawings of the construction, etc. in the Song Dynasty. It is an indispensable reference book for researching the architecture of the Song Dynasty and ancient Chinese architecture and construction technologies.


《营造法式》书影

Picture of Methods of Construction





2.《工程做法则例》



Engineering Practice Regulation

《工程做法则例》是清代官修的一部建筑法典，由清工部会同内务部主编，于清雍正十二年（1734年）刊行。全书共74卷，分为“诸作大法”和“用料用工”两大部分。书中贯穿着严格的模数制，建立了以“斗口”为模数的清式建筑模数体系。《工程做法则例》反映了高度成熟的清代官方建筑的形态，提供了一套完整的明清建筑的术语与制作和做法则例，是研究明清建筑最重要的历史文献。


《工程做法则例》书影

Picture of Engineering Practice Regulation





Engineering Practice Regulation is a building law that was officially made in the Qing Dynasty. It was edited by the Ministry of Works and the Ministry of Internal Affairs, and published in the 12th year of Emperor Yongzheng’s reign of the Qing Dynasty (1734). The book has 74 volumes, which is divided into two parts: “Methods” and “Material and Craftsmanship”. Modulus system is strictly followed in the book, which established a clear building modulus system taking “mortise width” as the modulus standard. Engineering Practice Regulation reflects the highly mature official building forms of the Qing Dynasty. It provides a complete set of terminologies, methods, and practices of architecture in the Ming and Qing dynasties. It is the most important historical document for the research of architecture in the Ming and Qing dynasties.

八、中国古代建筑学家



The Architects in Ancient China

1.《营造法式》编纂者——李诫

The Compiler of Methods of Construction — Li Jie

李诫（1035—1110），郑州管城县（今河南新郑）人，北宋建筑学家，《营造法式》一书的编纂者。他曾在将作监（古代掌管宫室建筑、器用制造的官署）供职达13年之久，历任将作监主簿、监丞、少监和将作监，亲自主持营建了许多规模巨大的建筑工程，如宫殿、王邸、太庙、辟雍、城门、寺庙等，在工程的规划、组织、管理等方面具有丰富的实践经验。他编修的《营造法式》一书是中国第一部详细论述建筑工程做法的官方著作，书中提出了一整套木构架建筑的模数制设计方法，对后世建筑建造技术的发展产生了深远的影响。


李诫画像

Portrait of Li Jie





Li Jie (1035—1110), from Guancheng County, Zhengzhou (now Xinzheng, Henan Province), was an architect in the Northern Song Dynasty, the compiler of Methods of Construction. He had worked in the construction department (the ancient official office in charge of construction and equipment) for 13 years. He served as registrar, supervisor, junior supervisor, and senior supervisor. He presided over many large-scale construction projects in person, such as palaces, prince residences, imperial ancestral temple, imperial schools, gate of the city and temples. He accumulated practical experience in the planning, organization, and management of the projects. Methods of Construction is the first official book in China that discussed the practice of construction engineering in detail. The book proposed a whole set of modulus design methods for wooden framework construction, which had a profound influence on the later development of construction technology of architecture.

2.天安门的设计者——蒯祥

The Designer of Tian’anmen — Kuai Xiang

蒯祥（1398—1481），江苏吴县（今江苏苏州）人，明代建筑匠师。蒯祥的父亲是总管建筑皇宫的“木工首”。蒯祥自幼随父学艺，成名后继承父业，也成了“木工首”，后任工部侍郎，曾主持及参加多项重大的皇室工程。1417—1421年，他负责设计和修建了作为皇城正门的承天门（今之天安门）。1436—1449年，他负责重建了紫禁城的太和、中和、保和三大殿。此外，他负责建造的主要工程还有北京隆福寺（1452年）、西苑（今北海、中海、南海）殿宇（1460年）、裕陵（1464年）等。


蒯祥画像

Portrait of Kuai Xiang





Kuai Xiang (1398—1481), from Wu County, Jiangsu Province (now Suzhou, Jiangsu Province), was a construction craftsman in the Ming Dynasty. Kuai Xiang’s father was the “Director of Carpenters”, who was in charge of the construction of the imperial palace. Kuai Xiang studied carpentry with his father since childhood, and inherited his father’s business after he became famous. He also became the “Director of Carpenters” and later served as the Assistant Minister of Construction. He had participated in and presided over a large number of major imperial projects. From 1417 to 1421, he took charge of designing and building Chengtian Gate (now called Tian’anmen) as the main gate of the Imperial City. From 1436 to 1449, he was responsible for the reconstruction of the three halls: Hall of Supreme Harmony, Hall of Central Harmony and Hall of Preserving Harmony in the Forbidden City. In addition, the main projects he was responsible for include Longfu Temple (1452), Xiyuan Halls (now Beihai, Zhonghai, and Nanhai buildings) (1460) and Yuling Mausoleum (1464) in Beijing.

3.清代建筑世家——样式雷

Family of Architects in the Qing Dynasty — Lei’s Style

“样式雷”，是对清代200多年间主持过皇家建筑设计的雷姓世家的誉称。

17世纪末，南方匠人雷发达（1619—1693）来北京参加营造宫殿的工作，因其技术高超，很快就被提升担任设计工作。自此至清代末年，雷氏家族共有七代人在样式房（清代皇家建筑的专门设计机构）任掌案职务，负责过紫禁城、圆明园、颐和园、静宜园，承德避暑山庄，清东陵和清西陵等重要工程的设计，同行称这个家族为“样式雷”。


雷发达画像

Portrait of Lei Fada





“Lei’s Style” is an honorary name for the family of Lei who presided over the design of the imperial architecture for more than 200 years in the Qing Dynasty.

In the end of the 17th century, the southern craftsman Lei Fada（1619—1693）came to Beijing to participate in the work of building a palace. Because of his superb skills, he was soon promoted to do the design work. From that time to the end of the Qing Dynasty, there were seven generations of the Lei’s family working as the supervisor in the Design and Construction Department (specialized design organization of the imperial architecture of the Qing Dynasty). They were in charge of the designs of important projects such as the Forbidden City, the Yuanmingyuan Palace, the Summer Palace, the Jingyi Garden in Beijing, the Mountain Resort in Chengde, the Eastern Qing Tombs and the Western Qing Tombs. Their peers called this family “Lei’s Style”.

九、大木作工具



Tools of Structural Carpentry

中国传统的木匠行业分工很细，大致可分为大木作、小木作、家具作等。他们所使用的工具类型基本相同，只是在规格尺寸上有所不同。

所谓大木作主要指中国古代木构架房屋建筑中结构构件的制造以及木构架的组合、安装等工作。相对于小木作或家具作的工具来说，大木作工具的尺寸更粗大。大木作工具主要包括锛、斧（砍削工具）、锯（切割工具）、刨（平木工具）、凿、铲（剔削工具）、墨斗（画线工具）、拉钻（钻孔工具）、尺等。

Chinese traditional carpentry industry has a very fine division of labor, which can be roughly divided into structural carpentry, joinery carpentry, furniture carpentry, etc. The types of tools they use are functionally the same, but different in specification and size.

The so-called structural carpentry refers to the manufacture of the framework structural components, as well as the combination and installation of wooden frames, etc. Compared with tools of joinery or tools of furniture carpentry, tools of structural carpentry are larger and more robust. Tools of structural carpentry mainly include adzes, axes (chopping tools), saws (cutting tools), planers (planing tools), chisels, shovels (carving tools), ink marker (marking tools), hand drill (drilling tools), rulers, etc.


大木作工具

Tools of Structural Carpentry






第三章 中式家具的灵魂 Chapter Three The Soul of Chinese Furniture

榫卯，是中式家具之魂。一榫一卯之间，一转一折之际，凝结着中国几千年传统家具文化的精粹，沉淀着岁月流转中经典家具款式的复合传承。隐藏于古典家具之中的榫卯结构，于微妙复杂的变化中体现着“内外兼修”的和谐，其工艺之精确、扣合之严密，若合一契、浑然一体，给人以天衣无缝之感。

The mortise and tenon is the soul of Chinese furniture. Between one mortise and one tenon, one turn and one fold, it condenses the essence of Chinese traditional furniture culture for thousands of years, and precipitates the compound inheritance of classic furniture styles in times. The mortise and tenon structure hidden in classical furniture embodies the harmony of “refining both inside and outside” in subtle and complex changes. The precision of its process and the tight combination of it give people a sense of seamlessness.

一、木材的比较

Comparison of the Woods

中国古典家具的用材类型广泛，明清家具的用材十分考究，以黄花梨、檀木、鸡翅木、铁力木、榉木为多。清代以紫檀木为最上乘用料，红木、鸡翅木、铁力木亦有；黄花梨相对较少，榉木、榆木、核桃木使用最为广泛。

The material types of Chinese classical furniture are extensive. In the Ming and Qing dynasties, furniture materials were very exquisite, as padauk wood, sandalwood, wenge, nagkassar and beech were widely used. In the Qing Dynasty, red sandalwood was the top choice, with rosewood, wenge and nagkassar also available, padauk wood relatively less used, and beech, elm and walnut wood were most commonly used.


木材的比较Comparison of the Woods





二、原木切割

Log Cutting

木材在被砍下来切割好之后，会出现收缩、膨胀、扭曲等状况，因此处理木材尤为重要。同一根木材，内部结构纹理的排列是固定的，但是不同的切法会呈现出不同的木纹，得到不一样的物理性能。匠人拿到木材之后，也会根据其特性考虑做什么样的榫卯。

常见的切割方式有顺着树干主轴或纹理方向用锯子锯开的弦切法；还有先将原木分成四瓣，再按照与年轮方向成30～60度夹角用锯子锯开的径切法；以及同样先分为四瓣，但切割线与年轮截面保持近乎垂直的刻切法。三种切割方法的经济性依次降低，出材后板的变形度也逐渐下降。

The key techniques to control the shrinkage, expansion and distortion of the log after cutting are vital. In the same wood, the arrangement of internal structural texture is fixed, but different cutting methods can result in different wood patterns and different physical properties. The craftsmen will think how to cut the wood to make the mortise and tenon based on its characteristics once they get the wood.


原木切割模型（正面）

Model of Log Cutting (Front)





Three log cutting methods are most common, namely, flat cut, which means sawing the log along the trunk spindle or wood texture; radial cut, which means cutting the log into four parts and then sawing them into smaller pieces, with an angle of 30-60 degrees between the section and the annual rings; and quarter cut, which is like the radial cut, i.e. the log is divided into four parts, with the direction of cutting almost perpendicular to the wood’s annual rings. The economy of the three cutting methods decreases in turn, but the anti-deformation capacity increases.


原木切割模型（侧面）Model of Log Cutting (Side)





三、古画中的家具

Furniture in the Ancient Paintings

中国是家具起源最早的国家之一，中国家具的发展随着社会化的进程经历了多层次的变革。

夏、商、周时期，是中国早期家具的雏形阶段，一直到春秋战国时期，都是低矮家具；汉代，胡床传入中原，带来了新的家具形制，为垂足而坐奠定了基础；南北朝时期，高型坐具陆续出现，垂足而坐开始流行；到了宋代，各种配合高坐的家具也应运而生，人们开始关注家具的设计美学；元、明、清时，对家具生产、设计的要求精益求精，尤其是明、清两代，成为传统家具的全盛时期。

古画中的家具展项，借助AR技术，通过扫描多幅古画，将不同历史时期的家具式样直观展示给观众。

Chinese furniture, as one of the earliest origins, has undergone multi-level changes with the process of socialization.

The Xia, Shang and Zhou dynasties were the embryonic stage of Chinese furniture. Until the Spring and Autumn Period and Warring States Period, the furniture was in low-rise style. During the Han Dynasty, a new kind of furniture structure, the folding rope chair in the western region entered, which laid the foundation for sitting on the high-rise style chair. During the Southern and Northern Dynasties, the high-rise sitting gear appeared and gradually prevailed. In the Song Dynasty, various kinds of high-rise furniture were created after the high-rise sitting gear and the aesthetics of furniture design began to be considered. In the Yuan, Ming and Qing dynasties, furniture craftsmen strived for perfection on production and design, bringing the traditional Chinese furniture to its peak, particularly in the Ming and Qing dynasties.

With the help of augmented reality technology, furniture styles of different historical periods can be displayed visually to the visitors by scanning many ancient paintings in the Exhibition of Furniture in the Ancient Paintings.


AR扫描仪

AR Scanner












四、明式书房陈设

Furnishings of the Ming-Style Study

明式书房的陈设讲究均匀、平衡之美，布局讲究高低错落有致。居于书房核心的是明式夹头榫画案，画案上放有精美雅致的明式提盒，画案背后居中放置的是一把高大的圈椅，再往后是贴墙摆放的一组明式架格柜。书房家具的布局摆设会随着功能需求的变化不断增加，无论是供读书小憩用的明式三屏罗汉床与明式有束腰鼓腿彭牙炕桌，还是焚香提神的明式四足八方香几与收纳置物的明式圆角柜，它们的出现与应用进一步提升了明式书房布局的和谐之美。

The furnishings of the Ming-style study are characterized by uniformity, balance and good high-low proportion. At the center of the study we can see a Ming-style clamp tenon drawing table with an elegant tiered handle-box on the top, a large circular chair behind in the middle and a line of Ming-style rack cabinets behind against the wall. The furnishings of the study will increase with the demand of functions. For example, the three-screen arhat bed and the waist-drum-legged pengya bed table for reading and resting, the four-legged octagonal incense table for burning refreshing incense and the round-corner cabinet for storage, these creations have improved the harmonious beauty of the study.


明式书房陈设

Furnishings of the Ming-Style Study





五、传统榫卯家具拼装

Assembly of Traditional Tenon-Mortise Furniture

1.闷户橱

Drawer Closet with Hidden Cassette

闷户橱因抽屉下设闷仓而得名，又因是民间嫁女之家必备的嫁妆之一，故民间又名嫁底。它多采用案式结构，是一种具备承置物品和储藏物品双重功能的家具，外形如条案，但腿足采用了侧脚做法。

The closet, mostly adopting table structure, is named because of its cassette setting under the drawer. Since it is one of the necessary dowries for folk people, it’s also known as “the bottom line of dowry”. The closet is a kind of furniture with dual functions of shelving and storing items. It is shaped like a long table, but the legs and feet are made in the way like the side foot.


闷户橱爆炸模型

Explosion Model of Drawer Closet with Hidden Cassette






闷户橱实物图

icture of Drawer Closet with Hidden Cassette





2.四出头官帽椅

Official Cap Chair with Four Handles

四出头官帽椅是一种搭脑和扶手都探出头的椅式家具，背板多用一块整板制成“S”形，两侧扶手各安一根“连帮棍”。此种形式的椅具最早出现在宋朝，是我国明式家具中椅子造型的一种典型款式。

It is a kind of chair with both handrails and the headrest reaching out, an S-shaped backrest made by one piece of wood and the handrail installed with “Lianbang Gun” on each side. The chair originated in the Song Dynasty and became a typical style of chair modeling in the Ming-style furniture.


四出头官帽椅爆炸模型

Explosion Model of Official Cap Chair with Four Handles






四出头官帽椅实物图

Picture of Official Cap Chair with Four Handles





3.明式有束腰罗锅枨方凳

The Ming-Style Arch-Jamb Square Stool with Beam Waist

有束腰罗锅枨方凳是一种具有浓厚明式风格的家具。束腰是指在其面框和腿足牙条之间的收窄结构；罗锅枨则是指面框之下连接腿柱的横枨，因为中间高拱、两头低，形似罗锅而得名。这件模型由木材与有机玻璃两种材料制作而成，可以更为直观地看到家具中榫卯构件之间的结合方式。


明式有束腰罗锅枨方凳

The Ming-Style Arch-Jamb Square Stool with BeamWaist





This stool is typical Ming-style furniture. The beam waist refers to the narrowing structure between the threaded rods of the top frame and the leg racks. The arch-jamb refers to the heng cheng, connecting the leg racks under the top frame. It has got the name became it is in the shape of a humpback, high arch in the middle and low at both ends. This model is made of wood and plexiglass, which gives the visitors a clear view of the connections of mortise and tenon components of the stool.

4.明式无束腰小方凳

The Ming-Style Square Stool Without Beam Waist

该凳为明式无束腰小方凳仿制品，其用材粗硕，线脚简练，比例适当，显示出明代家具的神韵。腿足直落地面，无马蹄，侧脚显著，可以看到家具与大木梁架之间的关系。此模型可供观众手动拆装。

As a duplicate, this typical Ming-style stool’s robust lumber has a concise architrave and proper proportion, unfolding the unique charm of the Ming-style furniture. The legs of the stool touch the ground directly, without horseshoes. The side foot is notable, which indicates the close ties between the furniture and large wooden house framework. This model can be manually disassembled and assembled by the visitors.


明式无束腰小方凳

The Ming-Style Square Stool Without Beam Waist





六、常见的家具榫卯结构

Common Structures of Mortise and Tenon in Furniture

中国传统家具的最大特点就是采用榫卯结构，榫卯结构既是家具木构件中的节点，也是中式家具的一种造型手段。一件家具中，多个榫卯组合在一起时，互相支撑，会出现极其复杂精妙的平衡，不仅使家具牢固、坚韧，还体现了中国人含而不露的传统美学。榫卯的种类繁多，木工会根据家具的不同部位采用不同榫卯结构。

家具的榫卯按结构和作用来归类，大致可分为三大类型。第一类是作为面与面的接合的构造方法。也可以是两条边的拼合，还可以是面与边的交接拼合。如槽口榫、企口榫、燕尾榫、穿带榫、扎榫、格角榫等。第二类是作为“点”的构造方法。主要用于横竖材的丁字接合、成角接合、交叉接合，以及直材和弧形材的伸延接合。如格肩榫、双榫、双夹榫、勾挂榫、楔钉榫、明榫、暗榫、挖烟袋锅榫、裹腿枨等。第三类是将三个构件组合在一起并相互连接的构造方法。这种方法除运用以上的一些榫卯联合结构外，还有一些更为复杂和特殊的做法。常见的有托角榫、长短榫、插肩榫、抱肩榫、粽角榫等。

The most significant feature of traditional Chinese furniture is the application of mortise and tenon structure, which is not only a node in the wooden components of furniture, but also a modeling approach of Chinese furniture. In a piece of furniture, several sets of mortise and tenon connect and support each other, creating an extremely complex and delicate balance, which not only makes the furniture firm and tough, but also embodies the traditional implicit aesthetics of the Chinese people. There are many kinds of mortise and tenon, and carpenters will use different mortise and tenon structures for different parts of the furniture.

According to the structure and function, mortise and tenon of furniture can be roughly divided into three types. The first type is the construction method of joining two surfaces, two edges or the joint of the surface and the edge, such as groove tenon, lug tenon, swallow-tail-shaped tenon, belt tenon, pin tenon, lattice corner tenon and so on. The second type is the construction method as “point”. It is mainly used for T-shaped connection of horizontal and vertical materials, angular connection, cross connection and extension connection of straight and arc materials, such as lattice shoulder tenon, double tenon, double clamp tenon, hook tenon, wedge tenon, visual tenon, hidden tenon, tobacco pipe tenon, legging and so on. The third types is the construction method of combining three components together and connecting each other. This method is more complicated and special than the types mentioned above, and common ones include corner supporting tenon, long and short tenon, shoulder-inserting tenon, shoulder-holding tenon, zongzi angle tenon and so on.


扫码有惊喜

Surprise for You





1.明榫

Visual Tenon

榫头从眼中穿出，与外边齐平，在外侧面可明显看到榫头，榫头中间还可见到木销的痕迹，其优点是榫头深而实。可在榫头中间加木销，这样即使木材收缩，榫也不会脱落，弥补了古代加工技术、加工工具和黏合剂的不足。明榫多用在桌案板面的四框和柜子的门框处。


明榫示意图

Illustration of Visual Tenon





The tenon pierces through the mortise and is at the same level with the outer end, so it can be seen clearly. The wood pin can also be seen in the middle of the tenon. The advantage of this type lies in the depth and tightness of the tenon. The wood pin can be added in the middle of the tenon, and even if the wood shrinks, the connection will not get loose. It makes up for the deficiencies of ancient processing technology, processing tools and adhesives. It is mostly used in the frame of the table board and the door frame of the cabinet.


明榫实物图

Picture of Visual Tenon





2.暗榫

Hidden Tenon

又叫半榫、闷榫。卯眼不贯通方木，眼深一般为方木宽度的2/3。榫头较短，结合强度较低，配制时除了用胶黏合外，还可采用暗埋楔加固。


暗榫示意图

Illustration of Hidden Tenon





Also known as half tenon or stuffy tenon. The tenon does not penetrate the wood block, and the depth of the mortise is generally 2/3 of the width of the wood block. Due to the relatively short tenon, the bonding strength is low, so it needs the adhesive and hidden wedge to reinforce the connection.


暗榫实物图

Picture of Hidden Tenon





3.燕尾榫

Swallow-Tail-Shaped Tenon

此榫卯结构多用在两块平板直角的相接处，为了防止受拉力时脱开，故将榫头做成梯台形，形似燕尾，故名燕尾榫。常用于抽屉箱柜。


燕尾榫示意图

Illustration of Swallow-Tail-Shaped Tenon





This structure is mostly used at the right-angle junction of two flat boards. In order to prevent disconnection under pulling force, the tenon is made into a trapezoidal shape, similar to the swallow tail and hence the name. It is commonly used in cabinets with drawers.


燕尾榫实物图

Picture of Swallow-Tail-Shaped Tenon





4.龙凤榫加穿带

Dragon and Phoenix Belt Tenon

这是依靠燕尾凹凸结构对家具木材进行对接以保持平面稳定的一种榫卯结构，常用于案面芯板、柜门、床面、板子头部等需要拼接或加固的部位。


龙凤榫加穿带示意图

Illustration of Dragon and Phoenix Belt Tenon





This structure relies on the swallow-tail concave-convex structure to butt furniture wood and stabilize the plane. It is commonly used in the core board, cabinet door, bed surface, board head and other parts which need splicing or strengthening.


龙凤榫加穿带实物图

Picture of Dragon and Phoenix Belt Tenon





5.攒边打槽装板（四方边框）

Sided-Groove Board (Quadrangular Frame)

板系四方形边框，一般用格角榫的造法来攒框。边框内侧打槽，容纳板心四周的榫舌，即“边簧”。大边在槽口下凿眼，被板心的穿带纳入。




攒边打槽装板（四方边框）示意

Illustration of Sided-Groove Board (Quadrangular Frame)



To build the quadrangular frame, the method of making lattice corner tenon is used to assemble the frame. The inside of the frame is grooved to accommodate the “bian huang”, which refers to the tenons around the center board. Mortise is chiseled through under the groove of the large edge of the frame and fixed by the belt tenon of the center board.


攒边打槽装板（四方边框）实物图

Picture of Sided-Groove Board (Quadrangular Frame)





6.楔钉榫

Wedge Tenon

弧形材经截割后，用上下两片出榫嵌接，再在中部插入断面为矩形的楔钉，能使连接材上下、左右不错移并紧密接合。常用于连接弧形材，如圈椅的扶手。


楔钉榫实物图

Picture of Wedge Tenon



Cutting arc wood into upper and lower pieces, connecting them by the mortise and tenon structure, and inserting a wedge nail with rectangular cross-section in the middle to make the whole structure tightly assembled. It is often used to connect arc-shaped materials, such as armrests of circular chairs.


楔钉榫示意图

Illustration of Wedge Tenon



7.抱肩榫

Shoulder-Holding Tenon

此榫结构多用于有束腰家具的腿足与束腰、牙条的接合处，多见于有束腰的方桌、条桌、方几、长条几中。


抱肩榫示意图

Illustration of Shoulder-Holding Tenon



This structure is mostly used in the furniture with beam waist as the joint of the legs with beam waist and tooth stick. The waist-binding tables, bar tables, square tables and long tables normally have this structure.


抱肩榫实物图

Picture of Shoulder-Holding Tenon



8.裹腿枨

Legging

裹腿枨表面高出腿足，两枨在转角处相交，因其将腿足缠裹起来，故名裹腿枨。此榫的优点是榫头嵌入榫眼，与腿足更紧密地接合在一起。常用于圆腿柜案类家具的底枨接合。


裹腿枨示意图

Illustration of Legging



The legging is higher than the foot and the two leggings are spliced at the corner. Because of the legs wrapped together, it is called legging. The advantage of this structure is that the tenon is embedded in the mortise, closely integrated with the legs, making the whole furniture more stable. It is often used in the bottom connection of legs in the round-legged cabinet and table furniture.


裹腿枨实物图

Picture of Legging



9.霸王枨

Bawang Cheng

霸王枨上端托着桌面的穿带，并用销钉固定，其下端则与腿足靠上的部分接合在一起。形似一臂擎物，它可使桌面承受的重量产生分力，均衡地传递到腿足上来。常用于方桌、方凳中。


霸王枨示意图

Illustration of Bawang Cheng



The upper end of bawang cheng holds the belt tenon of the table board and is fixed with a wood pin. Its lower end is combined with the upper part of the table leg. Like a strong arm holding the table, it can help provide support for the table and disperse the force to the legs in a balanced way. It is usually used in square tables and benches.


霸王枨实物图

Picture of Bawang Cheng



10.夹头榫

Clamp Tenon

此榫结构能使四条足腿将牙条夹住，并连接成方框，使案面和足腿的角度不易改变，四足均匀地承受案面重量。常用在案形结体家具中。


夹头榫示意图

Illustration of Clamp Tenon



This structure enables four legs to clamp the teeth stick and connect them into a square frame. It can make the angle between the table board and the legs fixed, and make the weight of the table evenly transmitted to the legs. It is usually used in table-shaped furniture.


夹头榫实物图

Picture of Clamp Tenon



11.插肩榫

Shoulder-Inserting Tenon

腿子在肩部开口并将外皮削出八字斜肩，用来和牙子相交。这种榫卯叫插肩榫，是案类家具的桌腿与案板结合处常用的一种榫卯结构。


插肩榫示意图

Illustration of Shoulder-Inserting Tenon



The husk of the leg’s shoulder is chiseled, forming a splayed shoulder, to intersect the teeth. It is called shoulder-inserting tenon and commonly used in the connection of legs and board of table-shaped furniture.


插肩榫实物图

Picture of Shoulder-Inserting Tenon



12.走马销

Zouma Pin

走马销是栽销的一种，常对两个可移动的部件进行固定，因榫头和榫眼结合后需要平移一下才可以起到销合作用，故称为走马销。常用于座椅的座面与扶手的连接。


走马销示意图

Illustration of Zouma Pin



It is a kind of Semi-tenon dowel, which is often used to fix two movable parts. It is called zouma pin, because the mortise and tenon need to be moved horizontally after combination to achieve the latching function. It is often used to connect the seat surface with the armrest.


走马销实物图

Picture of Zouma Pin



13.大格肩榫

Large Lattice Shoulder Tenon

在横材两端榫头的外侧做出等腰直角三角形斜肩，使三角形斜肩紧贴榫头，然后在竖材上凿出榫窝，并在外侧开出与榫头上三角形斜肩相等的豁口，正好与榫头上的斜肩拍合。其作用一是辅助榫头承担一部分压力，二是打破接口处平直呆板的气氛。常用于桌子、椅子及凳子的横枨处，以及柜身或柜门的横带与腿足的接合处。


大格肩榫示意图

Illustration of Large Lattice Shoulder Tenon



Two isosceles triangles with right angles, as oblique shoulders, are made at both sides of the transverse component, tight with the tenon. Then cut out the mortise sockets and triangular notch on the vertical component for both oblique shoulders and tenon of the transverse component. Its function is to assist the tenon to bear part of the pressure and it can reduce the flatness and rigidity in design of the interface. It is often used in the heng cheng structure in tables, chairs and stools and in the connection structure between transverse belts and legs in cabinet furniture.


大格肩榫实物图

Picture of Large Lattice Shoulder Tenon



14.小格肩榫

Small Lattice Shoulder Tenon

通常在家具交接处表面起涡线时使用，把紧贴榫头的斜肩抹去一节，只留一小部分，其目的是少剔去一些竖材木料，以增加竖材的承重能力，一般用在柜子的前后横梁或横带上。


小格肩榫示意图

Illustration of Small Lattice Shoulder Tenon



Usually used at the junction parts of the furniture, where there is the vortex line. It wipes off part of the oblique shoulder close to the tenon, leaving only a small part. The purpose is to remove less wood of the vertical component, which increases the load-bearing capacity of the vertical component. This structure is generally used in the front and back crossbeams or the transverse belts of cabinets.


小格肩榫实物图

Picture of Small Lattice Shoulder Tenon



15.圆柱丁字接合榫

Cylinder Tenon in T-Shape Connection

此榫结构多用在椅子扶手与座面或与后腿的连接处，如椅凳或桌案的矮老与直枨的接合处、床围子攒接处的品字栏杆或井字栏杆上。


圆柱丁字接合榫示意图

Illustration of Cylinder Tenon in T-Shape Connection



This structure is mostly used in the connection between the armrest and the seat surface or the hind leg, for example, in the connection of the ailao and zhicheng of chairs, benches or tables, or in the connection of bed railings.


圆柱丁字接合榫实物图 Picture of Cylinder Tenon in T-Shape Connection





16.粽角榫

Zongzi Angle Tenon

因其外形像粽子角而得名。从三面看，集中到角线的都是45度的斜线。常用于柜、桌等无缩腰结构的家具，是面板与腿连接的常用榫。


粽角榫示意图

Illustration of Zongzi Angle Tenon



It got its name because of its regular triangular pyramid frame, which looks like the traditional Chinese food zongzi. From three sides, the lines are pointing to the corner with 45 degree intervals. Usually used in cabinets, tables and other furniture without waist-binding, it is a common structure to connect the panel and the leg.


粽角榫实物图

Picture of Zongzi Angle Tenon



17.挖烟袋锅榫（套榫）

Tobacco Pipe Tenon (Cover Tenon)

椅子搭脑与腿料连接时，将腿料做成方形出榫，搭脑也相应地挖成方形榫眼，然后将二者套接，这类榫卯结构称为套榫，北方木工称之为挖烟袋锅榫。多用于椅子的扶手、椅腿及靠背各木件的接合部位。


挖烟袋锅榫（套榫）示意图

Illustration of Tobacco Pipe Tenon (Cover Tenon)



Connecting the headrest with the leg in a chair needs to set the square tenon on the top of the leg and the square mortise slot on the headrest, and then connect the two parts. This kind of structure is called cover tenon. Carpenters from north China call it tobacco pipe tenon. It is mostly used in the joints of armrests, legs and backrests of chairs.


挖烟袋锅榫（套榫）实物图

Picture of Tobacco Pipe Tenon (Cover Tenon)



七、木工的手艺

Craftsmanship of Carpenter

1.木工工具

Tools of Carpenter

木工是传统家具制作的一个很重要的工种，涉及开料、选料、开榫做卯以及组装等，无不体现着技工师傅的技术。中式家具的灵魂——榫卯结构便是木工环节完成的。木工过程中用到斧、凿、刨、铲、墨斗等传统木工工具，这些工具大多是工匠自己制作的，看似简单粗陋，但是能轻松解决一些很实际但并不简单的问题，折射出中国传统的匠人智慧。

Carpenter is very important in the production processes of traditional furniture, which involves material cutting, selection, mortise and tenon making and assembly, etc., and all the work depends on the skill of the craftsman. Mortise and tenon structure, the soul of Chinese furniture, is the production of carpentry. Most of the traditional carpentry tools like axes, chisels, planers, shovels and ink markers etc. are made by the carpenters themselves. These tools may seem simple and ugly, but they can help easily solve practical and complex problems, which reflects the wisdom of Chinese traditional craftsmen.

2.木工工坊

The Carpentry Workshop

木工工坊是展览的特色教育活动区。在这里，观众可以学习使用刨、锯、钻等传统木工工具，亲手制作一双筷子或一件木制玩具，还可以使用锯床、钻床等现代木工工具制作榫卯拼插玩具。

The carpentry workshop is a special educational activity area of the exhibition. The visitor can learn to use traditional carpentry tools such as planers, saws and drills to make chopsticks or a wooden toy, as well as using modern tools like the sawing machine and drilling machine to make mortise and tenon assembled toys.

3.木工的手

The Hands of Carpenter

木工的手虽然粗糙，但却灵巧。正是这双手创造出了各显神通的木工工具：标记画线的墨斗，切割木料的锯，平整木料的刨，铲削挖空的凿子，开孔打眼的拉钻，劈砍木料的斧子。看上去简单朴素的工具，在这双手中变得灵活精准。也正是这双手使用工具创造出了美轮美奂的木器作品。

The carpenter’s hands are rough and full of vicissitudes, but they are diligent and dexterous. It is these hands that have created all kinds of magical carpentry tools: ink markers for marking lines, saws for cutting wood, planers for shaving wood, chisels for shoveling and hollowing, hand drills for drilling holes and axes for felling. In the carpenter’s hands, those simple and plain tools become flexible and accurate. It is also these hands that create magnificent wooden works by using tools.

4.传承

Inheritance

若从鲁班算起，木匠手艺已在中华大地上传承了2000余年，木匠传统技艺的代代相传离不开师徒关系的构建。在中国传统文化中，师徒关系是最重要的非血缘关系之一。师徒之间包含着太多情愫，在彼此付出的过程中进行着手艺的传承。经历了时间的打磨，徒弟在学会木匠技艺的同时，也在感受着工匠精神。而工匠精神的核心要素就是对自己所从事的职业和所制造的产品有真挚的爱心。一师一徒，代代传承，中国工匠们以自己的扎实创造赋予文明以实体形态，他们的劳动源源不断地充实着中华文明的宝库，不断印证着工匠精神的浩然活力。

From Luban, the river of the carpenter's craftsmanship runs a long course in China from over 2,000 years ago. Due to the master-apprentice relationship, the traditional carpentry skill has been passed down through generations. In traditional Chinese culture, master-apprentice relationship is one of the most important non-blood relationships. The skill was passed down from the master to the apprentice, as a result of the sincerity and hard work constantly put in the teaching practice. Over time, the hands of the apprentices are mastering the carpentry skill while their hearts are feeling the spirit of craftsmanship, the core of which is to have ardent love for one's profession and creation. From generation to generation, Chinese craftsmen endow civilization with substantial form via their creation. Their works constantly enrich the treasure house of Chinese civilization, corroborating the magnificent vitality of craftsmen's spirit.

七、木工的手艺

Craftsmanship of Carpenter

1. 木工工具

Tools of Carpenter

木工是传统家具制作的一个很重要的工种，涉及开料、选料、开榫做卯以及组装等，无不体现着技工师傅的技术。中式家具的灵魂——榫卯结构便是木工环节完成的。木工过程中用到斧、凿、刨、铲、墨斗等传统木工工具，这些工具大多是工匠自己制作的，看似简单粗陋，但是能轻松解决一些很实际但并不简单的问题，折射出中国传统的匠人智慧。


木工工具

Tools of Carpenter





Carpenter is very important in the production processes oftraditionalfurniture,whichinvolvesmaterialcutting,selection, mortise and tenon making and assembly, etc., and allthe work dependson the skill of the craftsman. Mortiseandtenon structure, the soul of Chinese furniture, is theproduction of carpentry. Most of the traditional carpentry tools like axes, chisels, planers, shovelsand ink markers etc. are made by the carpenters themselves. These tools may seem simple and ugly,but they can help easily solve practical and complex problems, which reflects the wisdom of Chinese traditional craftsmen.

2. 木工工坊

The Carpentry Workshop

木工工坊是展览的特色教育活动区。在这里，观众可以学习使用刨、锯、钻等传统木工工具，亲手制作一双筷子或一件木制玩具，还可以使用锯床、钻床等现代木工工具制作榫卯拼插玩具。

The carpentry workshop is a special educational activity area of the exhibition. Thevisitorcanlearntousetraditional carpentry tools such as planers, saws and drills to make chopsticks or a woodentoy, as well as using modern tools like the sawing machine and drilling machine to make mortise andtenon assembled toys.


利用电动线锯床制作拼插玩具

Using the Electric Sawing Machine to Make Assembled Toys












3. 木工的手

The Hands of Carpenter

木工的手虽然粗糙，但却灵巧。正是这双手创造出了各显神通的木工工具：标记画线的墨斗，切割木料的锯，平整木料的刨，铲削挖空的凿子，开孔打眼的拉钻，劈砍木料的斧子。

看上去简单朴素的工具，在这双手中变得灵活精准。也正是这双手使用工具创造出了美轮美奂的木器作品。

The carpenter’s hands are rough and full of vicissitudes, but they are diligent and dexterous. It is thesehands that have created all kinds of magical carpentry tools: ink markers for marking lines, saws forcutting wood, planers for shaving wood, chisels for shoveling and hollowing, hand drills for drillingholes and axes for felling. In the carpenter’s hands, those simple and plain tools become flexible andaccurate. It is also these hands that create magnificent wooden works by using tools.


展览通过视频展示木工工具的使用方式

The Exhibition Uses Video to Show the Use of Tools of Carpenter












1 0 24. 传承

Inheritance

若从鲁班算起，木匠手艺已在中华大地上传承了2000 余年，木匠传统技艺的代代相传离不开师徒关系的构建。在中国传统文化中，师徒关系是最重要的非血缘关系之一。师徒之间包含着太多情愫，在彼此付出的过程中进行着手艺的传承。经历了时间的打磨，徒弟在学会木匠技艺的同时，也在感受着工匠精神。而工匠精神的核心要素就是对自己所从事的职业和所制造的产品有真挚的爱心。一师一徒，代代传承，中国工匠们以自己的扎实创造赋予文明以实体形态，他们的劳动源源不断地充实着中华文明的宝库，不断印证着工匠精神的浩然活力。

From Luban, the river of the carpenter's craftsmanship runs a long course in China from over 2,000years ago. Due to the master-apprentice relationship, the traditional carpentry skill has been passeddown through generations. In traditional Chineseculture,masterapprenticerelationship is one of themost important non-blood relationships. The skill was passed down from the master to the apprentice, as a result of the sincerity and hard work constantly put in the teaching practice. Over time, the hands of the apprentices are mastering the carpentry skill while their hearts are feeling the spirit of craftsmanship, the core of which is to have ardent love for one's profession and creation. From generation to generation, Chinese craftsmen endow civilization with substantial form via their creation. Their works constantlyenrich the treasure house of Chinese civilization, corroborating the magnificent vitality of craftsmen'sspirit.


展览视频讲述师徒传承的故事

The Exhibition Video Tells the Story of Apprentice Inheritance













第四章形形色色的榫卯 Chapter Four Various Kinds of Mortise and Tenon

除了在建筑和家具领域有着登峰造极的应用之外，榫卯还在古人生产生活中的其他许多领域扮演着重要的角色。在农具、车船、生活用品、乐器、铸范等方面，榫卯结构随处可见。与此同时，除了木榫卯之外，古人还将榫卯技术应用于铁、石等材料之中，体现了强大的技术惯性，也从不同角度展示了榫卯的独特魅力。

Besides its incomparable application in building and furniture fields, the mortise and tenon played an important role in many other areas of ancient production and life. Mortise and tenon structure can be found widely among agricultural tools, vehicles, daily necessities, musical instruments, molds, etc. In addition to wood, the ancient people applied the mortise and tenon technology to materials such as iron and stone, which reflects the strong technical inertia and demonstrates the unique charm of the mortise and tenon from a different perspective.

一、榫卯与古车

Mortise and Tenon in Ancient Carts

中国是世界上最早发明和使用车的国家之一。我国已出土的最古老的车辆来自河南安阳，年代为商代中期（约公元前13世纪）。该车为双轮独辕，轮辐18根，车舆为长方形。除个别饰件外，全车均为木质结构，构件之间均采用榫卯连接，可见榫卯技术在古车制造领域中有着悠久的历史。

车轮是车辆最关键的部件，多用坚木制成，轮径多在1.4米左右，由辋、毂、辐等部件组成。车轮的外圆框叫辋，用数根直木经过火烤后弯成弧形拼接而成。两根弯木的结合处凿成齿状，称为牙。车轮中心有孔的圆木叫毂，辋和毂成为两个同心圆，其上均有榫眼，用以安辐。辐是一根根木条，一端接辋，一端接毂，四周的辐条都向毂集中。轴是一根横梁，上面架车舆，两端套车轮。轴的两端露在毂外，上面插着一个三四寸长（长约10厘米）的销子，称为辖。露在毂外的车轴末端，称为軎。辐与辋和毂的衔接以及牙与牙的衔接，均采用榫卯结构。

China is one of the first countries in the world that invented and used carts. The oldest cart unearthed in China comes from Anyang, Henan Province, which originated in the middle Shang Dynasty (about the 13th century B.C.). The cart has two wheels and a single shaft, with 18 spokes and a rectangular shape. Except for some ornaments, the whole cart is made of wood structure, and the components are all connected by mortise and tenon. It can be seen that the mortise and tenon technology has a long history in the field of ancient cart building.


商代战车车轮模型

Model of Wheel of Chariot of the Shang Dynasty






商代战车模型

Model of Chariot of the Shang Dynasty





The wheel is the most critical part of the cart. It is mostly made of hardwood and has a diameter of about 1.4 meters. It is composed of rims, hubs, spokes, etc. The outer frame of the wheel is called the rim, and it is formed by several pieces of wood which have been roasted and bent into arc pieces. The junction of the two curved wood pieces is called the teeth due to the shape. The round wood with a hole in the center of the wheel is called the hub. The rim and the hub are concentric, contacted by spokes with mortise and tenon. The spokes are wood bars, one end connected with the rim, the other end connected with the hub, and all the spokes are concentrated toward the hub. The shaft is a beam, with a carriage on top and wheels at both ends. The two ends of the shaft are exposed outside the hub, fixed by a pin of about 10 centimeters long called lynchpin. The end of the shaft exposed outside the hub is called the lynchpin cap. The joints between the spokes and the rim,between the spokes and the hub, as well as the connections between the teeth, are all of the mortise and tenon structure.


古代车轮爆炸模型

Explosion Model of Ancient Wheel






古代车轮示意图

Illustration of Ancient Wheel






古代轮牙榫示意图

Illustration of Teeth Mortiseand Tenon of Ancient Wheel





二、榫卯与古船

Mortise and Tenon in Ancient Boats

中国古代造船技术在相当长的历史时期内一直处于世界领先地位，并在郑和下西洋时达到了顶峰。从最古老的独木舟，到技术逐渐成熟的福船、沙船，榫卯技术始终应用于古代船舶的各个部位，并为水密舱壁、船尾舵等重大发明提供了技术保障。

右图为南宋海船缩比模型。此船为尖底造型，底部有贯通的龙骨，船内12道隔板分割出13个水密隔舱。

The shipbuilding technology in ancient China had been in the leading position in the world for a long period, reaching its peak during Zheng He’s voyages to the West. From the oldest canoes to the more technologically mature fu ships and sand boats, the mortise and tenon technology had always been applied to all parts of ancient boats. This technology also provided support for the major inventions in ancient Chinese shipbuilding such as watertight compartments and stern rudders.

The right image is a miniature of the marine vessel of the Southern Song Dynasty. The original vessel has a sharp bottom with a keel that runs through. The entire ship is divided into 13 watertight compartments by 12 bulkheads.


南宋海船缩比模型

Miniature of Marine Vessel of the Southern Song Dynasty






扫码有惊喜

Surprise for You






南宋海船水密隔舱结构缩比模型

Details of Xin’an Shipwreck of the Yuan Dynasty






元代新安沉船细节图

Details of Xin’an Shipwreck of the Yuan Dynasty






板列纵向连接方式

Types of Strakes Vertical Connection





三、榫卯与古桥

Mortise and Tenon in Ancient Bridges

在相当长的历史时期内，中国古代桥梁自成体系，成为古代文明的重要标志之一。榫卯应用于古代桥梁，主要见于梁桥和拱桥。

For a long period of history, the ancient Chinese bridges had their own styles and became one of the important symbols of the ancient civilization. The mortise and tenon structures were used in ancient bridges, mainly in beam bridges and arch bridges.

1.汴水虹桥

Bianshui Hongqiao Bridge

汴水虹桥见于北宋画师张择端绘制的《清明上河图》中。作为中国木拱桥的起源，汴水虹桥采用的是木构件间相互穿插别压并在节点处绑扎绳索的编木结构。这种结构搭建简单且异常坚固，在一定范围内，属于受压越大越稳固的典型结构。


《清明上河图》中的汴水虹桥

The Bianshui Hongqiao Bridge in the Painting Riverside Scene at Qingming Festival





The Bianshui Hongqiao Bridge is found in the painting Riverside Scene at Qingming Festival by Zhang Zeduan, a painter in the Northern Song Dynasty. As the origin of the Chinese wooden arch bridge, it adopted a woven lumber structure formed by crossing wood components loading on each other and tying ropes at the joints. The structure is simple but very strong. Within a certain weight range, it is a typical structure that becomes more stable with more load.

2.达·芬奇木拱桥

The Wooden Arch Bridge of Da Vinci

无独有偶，文艺复兴时期，意大利发明家、画家莱昂纳多·达·芬奇于1502年在写给友人的信中绘制出了同样为编木结构的木拱桥草图。

下图为达·芬奇木拱桥拼搭件，观众可以自己用木棍拼搭一座木拱桥。

Incidentally, during the Renaissance, the Italian inventor and painter Leonardo da Vinci drew the wooden arch bridge design of the same lumber structure in a letter to a friend in 1502.

This picture shows the assembled pieces of Da Vinci wooden arch bridge. The visitors can assemble a bridge like this with the wooden sticks.


木拱桥拼搭件

Assembled Pieces of Wooden Arch Bridge






达·芬奇木拱桥手稿图

Manuscript of the Wooden Arch Bridge of Da Vinci






达·芬奇木拱桥结构示意图

Schematic Illustration of the Wooden Arch Bridge of Da Vinci





3.浙闽廊桥

Gallery Bridges in provincial boundary areas between Zhejiang and Fujian

张择端的《清明上河图》虽流传至今，但真实的汴水虹桥却已消失在历史的长河中。虽无实物留存，但这种编木结构的造桥技术却并未失传，并以新的结构形制得以延续。20世纪70年代，桥梁专家茅以升在《中国古桥技术史》中提出浙闽廊桥起源于汴水虹桥。二者的不同之处在于，汴水虹桥采用编木结构，而浙闽廊桥则采用更有利于力传递的榫卯结构。浙闽廊桥与汴水虹桥具有传承关系，并以其结构力学方面的科学造诣，在世界桥梁史上占有重要地位。

下图为浙闽廊桥1∶40模型，观众可通过设置在模型下方的镜子，观察浙闽廊桥的榫卯结构。


浙闽廊桥模型（1∶40）

Model of Gallery Bridge in Provincial Boundary Areas Between Zhejiang and Fujian（1∶40）





The image of the Bianshui Hongqiao Bridge was conserved by Zhang Zeduan in the painting Riverside Scene at Qingming Festival, while the original had disappeared in history. Although the real bridge does not exist, the construction technology of woven wooden structure bridge has not been lost but developed in a new structural form. In the 1970s, the bridge expert Mao Yisheng proposed in The History of Ancient Bridge Technology in China that gallery bridges in provincial boundary areas between Zhejiang and Fujian originated from the Bianshui Hongqiao Bridge. The difference between the two is that the Bianshui Hongqiao Bridge adopted a woven lumber structure, while the gallery bridges adopt a mortise and tenon structure that is more conducive to the load transfer. As an inheritance from the Bianshui Hongqiao Bridge, the gallery bridges, with their scientific achievements in structural mechanics, have occupied an important position in the history of bridges in the world.This is a model of a gallery bridge in Zhejiang-Fujian Provinces (1:40). The visitors can observe the mortise and tenon structure of the bridge through the mirror under the model.


浙闽廊桥桥身榫卯结构示意图

Schematic Illustration of Mortise and Tenon Structure of Gallery Bridge in Provincial Boundary Areas Between Zhejiang and Fujian





4.仙居桥

Xianju Bridge

上廊下桥为廊桥。廊桥采用榫卯工艺相互连接，其榫头为大燕尾形，卯口的横木两头加箍铁条，相互之间由开孔插入或用燕尾榫连接，衔接牢固，结构稳定。这里展示的是位于浙江省泰顺县的仙居桥，该桥始建于明代，现桥为清代重建，距今已有300多年的历史。桥屋共18间，柱80根，单檐，长42.83米，宽5.3米，距水面12.6米，净跨34.5米。凌空高架，工艺精湛。

The structure composed by an upper gallery on a bridge is all called gallery bridge. The components of the bridge are connected with each other by mortise and tenon. The tenon is shaped like a large swallow tail, and both sides of the horizontal wood of the mortise are bound with iron hoops. The mortise and the tenon are connected in the form of interlocked latch or swallow-tail-shaped tenon. The connection is firm and the structure is stable. Shown here is the Xianju Bridge located in Taishun County, Zhejiang Province. The bridge was originally built in the Ming Dynasty, reconstructed in the Qing Dynasty and has a history of more than 300 years. The bridge is 42.83 meters long, 5.3 meters wide, 12.6 meters high from the water surface, with a net span of 34.5 meters, 18 single-eave bridge houses and 80 pillars. The bridge spans the river up in the air, representing superb workmanship.


仙居桥实景图

Picture of the Xianju Bridge






扫码有惊喜

Surprise for You





四、榫卯与古矿井

Mortise and Tenon in Ancient Mines

位于湖北大冶的铜绿山古矿井是从西周到汉代持续开采的古铜矿遗址，遗址出土的井壁木支护采用榫卯技术构建。除极少数用藤条圈支护以及晚期竖井无支护外，绝大多数井巷均采用榫卯技术连接的木框架结构进行井壁支护，形成竖井与盲井、平巷与斜巷，以实现提升、通风、排水等功能。

The ancient mine in Tonglushan site in Daye, Hubei Province is a site of ancient copper mine which was in use from the Western Zhou Dynasty to the Han Dynasty. The wooden support of the shaft wall excavated from the site was constructed by the mortise and tenon technology. At the site, except for few rattan circles and supportless vertical wells in later time, most of the mine roadways were supported by wooden frameworks connected by the mortise and tenon, forming vertical wells and blind wells, straight lanes and sloping lanes to perform the functions of lifting, ventilation, drainage, etc.


铜绿山古矿井遗址实景图

Picture of the Ancient Mine in Tonglushan Site





1.竖井木支护框架

Wooden Support Framework of the Vertical Well

竖井是指在地面上有直接出口的垂直巷道。竖井支护框架类型包括尖头剑状单榫单卯、尖头矛状单榫单卯、尖头双榫双卯、平头双榫双卯和搭口式支护。

The vertical well is a vertical passageway with a direct exit to the ground. The types of wooden support framework of the vertical well include sword-shaped single tenon, spear-shaped single tenon, double tenon with pointed head, double tenon with flat head and mouth opening lap support.


竖井木支护框架模型

Model of Wooden Support Framework of the Vertical Well





2. 马头门支护框架

Wooden Support Framework of the Horsehead Gate

马头门是竖井与平巷的连接通道。古代矿井采用单榫立柱马头门、双榫立柱马头门或上叉立柱马头门的形式。


马头门支护框架模型

Model of Wooden Support Framework of the Horsehead Gate





The horsehead gate is the connecting tunnel between the vertical well and the horizontal driftway. The horsehead gates in ancient mines have three forms, i.e.single tenon post, double tenon post and upper fork post.

五、榫卯与古水井

Mortise and Tenon in Ancient Wells

中国已知最早的水井是浙江余姚的河姆渡遗址水井，距今约5600年。该水井由内外两部分组成，外围是一圈圆形栅栏桩，中心为一个方形竖井。竖井的木构件可见榫头和卯眼，出土时榫卯接合而成的方框还紧密咬合在一起。

新石器时代，在良渚文化一处临水而居的村落遗址中出土了井壁为榫卯结构的木水井。在龙山文化遗址中出土了井壁高11米、井栏高2.65米的木水井，整个水井全部由木板榫接而成。

The earliest known well in China is at the Hemudu site in Yuyao, Zhejiang Province, dating back to about 5‚600 years ago. The well consists of two parts: interior and exterior. The periphery is a circle of circular fence piles with a square shaft in the center. Mortise and tenon components can be found in the wooden parts of the vertical well. When they were unearthed, the frameworks formed by the mortise and tenon were still tightly connected .

As for the Neolithic Age, a wooden well with a mortise and tenon structure as its wall was unearthed from a village near the water where the Liangzhu civilization site is located. A wooden well was unearthed at the Longshan civilization site, with a wall of 11 meters high and a fence of 2.65 meters high. The entire well was connected by the wooden mortise and tenon.


河姆渡遗址水井实景图

Picture of Well of Hemudu Site






良渚文化遗址木水井实景图

Picture of Wooden Well of Liangzhu Civilization Site








龙山文化遗址木水井示意图

Illustration of Wooden Well of Longshan Civilization Site





六、榫卯与古农具

Mortise and Tenon in Ancient Agricultural Tools

中国自古以农立国，创造了灿烂的农业文明。在农业生产过程中，中国人发明了各种各样的农业工具，而这些种类繁多的农具与榫卯有着千丝万缕的联系。无论是早在新石器时期的石斧等原始农具，还是后世的犁、耧车、龙骨水车、扇车等先进农具，在制作过程中都运用了榫卯工艺。

Since ancient times, China was an agricultural country and has created a splendid agricultural civilization. In the process of agricultural production, the Chinese people have invented a wide variety of agricultural tools, which are inextricably linked with the mortise and tenon structures. Whether primitive agricultural tools such as stone axes in the Neolithic Age, or more advanced agricultural tools such as ploughs, seed ploughs, dragon-bone water lifts and winnowing machines in later times, the mortise and tenon structures have been used without exception.








七、榫卯与青铜器

Mortise and Tenon in Bronze Vessels Casting

早在公元前3000多年，中国就有了青铜冶铸生产活动。商代中期，青铜泥范铸造技术达到鼎盛，形成了独具特色的以多块泥范组合成复合范的铸型工艺，创造出了后母戊鼎、四羊方尊等旷世珍品。

在泥范铸造工艺中，相邻两块泥范之间以及外范与内芯之间采用榫卯拼接固定。另外，在使用铸焊技术连接附件与器身时，也需要提前预留榫头和卯眼，再通过焊料进行连接。

Earlier than 3000 B.C., the bronze metallurgy production activities appeared in China. The clay mold casting technology reached its peak in the mid-Shang Dynasty, developing a unique compound-molds casting process with multiple clay molds and creating the Houmuwu Caldron, Four-Ram Zun and other treasures.

In the clay mold casting process, the mortises and tenons were used for positioning between two adjacent clay molds, and between the outer mold and the inner core. In addition, when people used the cast welding technology to connect accessories and the vessel, the mortises and tenons were also needed to be set in advance. Then they were connected with the solder.


西周时期青铜饮酒器父庚觯及其泥铸范模型

Fugeng Drinking Vessel of the Western Zhou Dynasty and Its Clay Mold Casting Model






榫卯结构在青铜铸造过程中的应用

The Application of Mortise and Tenon Structure in Bronze Casting





八、榫卯与汉砖

Mortise and Tenon in the Bricks of the Han Dynasty

砖是最早的人造建筑材料。在中国，砖出现于西周时期，榫卯结构砖则出现于汉代，被称为企口砖。榫卯结构加强了砖块之间的拉结，使建筑更加坚固。

Bricks were the earliest artificial building material. In China, bricks appeared in the Western Zhou Dynasty, and bricks of mortise and tenon structure appeared in the Han Dynasty, called lug bricks, which strengthened the connection between the bricks and made the building stronger.


企口砖搭建拱券模型

Arch Model of Lug Bricks






东汉石砌大墓实景图

Picture of Stone Tomb of the Eastern Han Dynasty






双马纹汉砖

Bricks with Double Horse Image of the Han Dynasty






企口砖榫卯结构示意图

Schematic Illustration of Mortise and Tenon Structure of the Lug Brick





九、铁榫卯

Iron Mortise and Tenon

铁榫卯是指用铁质材料制成的榫卯结构或构件。

Iron mortise and tenon refers to forged mortise and tenon structures or components of iron material.


元代铁锭榫模型

Models of the Iron Ingot Tenon of the Yuan Dynasty





1.黄河蒲津渡遗址桥头地锚

Bridgehead Anchor of Pu jindu Site Along the Yellow River

蒲津渡是黄河流域最大的古渡口，始建于春秋战国时期。从蒲津渡遗址出土的黄河大铁牛为蒲津渡曲浮桥的桥头地锚，铸造于唐开元十二年（724年）。铁牛尾部立有七星铁柱7根，其中，方形铁柱与圆形铁柱之间采用榫卯工艺连接形成地锚，以固定用铁链串连船只形成的浮桥，牢固异常。

The Pu jindu ferry is the largest ancient ferry in the Yellow River Basin and was built during the Spring and Autumn Period and the Warring States Period. The Yellow River Iron Bull unearthed from the Pu jindu site was a bridgehead anchor of the Pu jindu pontoon bridge, and it was cast in the 12th year of Kaiyuan Era of the Tang Dynasty (724). The iron bull had 7 seven-star iron pillars around its tail, among which the square iron pillars and the circular iron pillars were connected by the mortise and tenon to form an extremely stable ground anchor, which fixed the pontoon bridge formed by connecting boats with iron chains.


黄河蒲津渡遗址铁牛实景图

Picture of the Iron Bull of Pu jindu Site Along the Yellow River






七星铁柱实景图

Picture of the Seven-Star Iron Pillar





2.赵州桥

Zhaozhou Bridge

赵州桥是中国古代四大名桥之一，建于隋代，位于河北省赵县洨河之上，是世界上现存最早的单孔敞肩式石拱桥。为了使桥身相邻的拱石紧密贴合在一起，在两侧外券相邻拱石之间以及各道券相邻石块拱背之上都嵌有“腰铁”，即铁榫卯，大大增强了整座桥的稳定性。

As one of the four famous bridges in ancient China, the Zhaozhou Bridge was built in the Sui Dynasty, located on the Xiaohe River, Zhaoxian County, Hebei Province, the first of its kind in the world to have adopted the open spandrelled arch design. In order to make adjacent stones of the bridge bind together, the waist irons, also called iron tenons, were embedded into adjacent stones of the external arches on both sides and on the arch back of each side, which greatly enhanced the stability of the whole bridge.


赵州桥上镶嵌在拱石间的“腰铁”

The “Waist Irons” Embedded in the Arches of the Zhaozhou Bridge






赵州桥模型

Model of the Zhaozhou Bridge





十、石榫卯

Stone Mortise and Tenon

石榫卯是将榫卯技术应用于石材所形成的构件或者结构。石榫卯构件通常用于连接铺于地面的石板，石榫卯结构通常应用于牌坊、房屋等石制建筑当中。

基于木材受拉、受弯特性良好而具有较高合理性的榫卯结构，其损坏形式主要是榫头折断或卯口松脱。通常，榫头的断面比较小，只有在抗弯性能良好的时候才能承受一定的扭矩。而石材的抗弯性能较差，做成榫卯结构便容易断裂。因此，从力学角度分析，石材并不适合做成榫卯结构。

The stone mortise and tenon is a component or structure formed by applying the mortise and tenon technology to stone. Such component is usually used to connect the stone slabs laid on the ground, and the stone mortise and tenon structure is usually used in stone buildings such as stone memorial gates and stone houses.

Characterized with the rationality of good tensile and bending features, the mortise and tenon can be damaged mainly due to breakage of the tenon or loosening of the mortise. Usually, the tenon head is relatively small, so only when it is of good bending ability, can it withstand some torque. The stone is a brittle material, which has poor bending ability, and is easy to break. Therefore, from the perspective of mechanics, stone is not suitable for mortise and tenon structures.


几种石榫卯结构

Several Kinds of Stone Mortise and Tenon Structures





1.石房子

The Stone House

石房子又名张公祠，位于贵州绥阳，建于清道光二十五年（1845年）。石房子共有落地柱22根，软柱7根，穿坊落檐21根，全部采用石榫卯结构建成，堪称石头奇观。

The Stone House, also known as Zhang Gong Memorial Temple, is located in Suiyang, Guizhou Province and was built in the 25th year of Emperor Daoguang’s reign of the Qing Dynasty (1845). The Stone House has 22 columns, 7 soft pillars, 21 crossbeams with eave-holders. The whole house was built with stone mortise and tenon structures, which is regarded as a stone wonder.


石房子实景全貌及细节图

Panorama and Details of the Stone House





2.石牌坊

Stone Memorial Gateway

牌坊是中国古代为表彰功勋、科第、德政以及忠孝节义所立的建筑物。石牌坊出现于元末明初，其结构完全仿照木牌坊，同样采用全榫卯结构建造。石牌坊整体稳定性较强，与木牌坊相比，前后不用戗柱支撑，每根柱下也不用夹杆石，而采用抱鼓石，坚固耐用，应用更加广泛。


“状元及第”石牌坊模型

Model of the Stone Memorial Gateway Titled “Zhuangyuan Jidi”





The memorial gateway was built in ancient China to honor meritorious deeds, achievement of imperial examinations, benevolent rule, loyalty and filial duty, etc. Stone gateways appeared in the late Yuan and the early Ming dynasties and were constructed with mortise and tenon structures, the same as the wooden gateways in structure. The overall stability of stone memorial gateways is remarkable. Unlike the wooden memorial gateways using inclined pillars for front and rear support and clamping stones to insure the stability of each pillar, the stone memorial gateways use drum-shaped bearing stones, which are more sturdy, durable and more widely used.


明代石牌坊实景图

Picture of Stone Gateways of the Ming Dynasty






第五章 现代榫卯的演变 Chapter Five The Evolution of Modern Mortise and Tenon

曾几何时，时代的发展、科学的进步和技术的革新，使榫卯渐渐淡出了人们的视线，但它却未曾消亡。如今，作为继承传统文化、弘扬工匠精神的载体，榫卯不断以崭新的面貌和丰富的内涵出现在人们的生产与生活之中，展现了它经久不衰、历久弥新的无限魅力。

With historical development, scientific progress and technological innovation, the mortise and tenon has gradually faded out of people’s sight, but it has not disappeared. Nowadays, the mortise and tenon acting as a carrier to carry on traditional culture and the spirit of craftsmanship, constantly appears in modern production and life with new faces and rich meanings, showing its enduring and infinite charm.

一、现代榫卯建筑

Mortise and Tenon in Modern Architecture

1.上海世博会中国馆

China Pavilion of the Shanghai World Expo

2010年，作为现代斗拱概念建筑的典型代表，上海世博会中国馆以一个巨大的红色斗拱造型呈现于世，雄伟庄严，气势非凡。中国馆采用现代仿木钢结构，以四根巨型立柱承托起体量庞大的多层次巨梁空间。层层出挑、挑战重力的斗拱造型显示出现代工程技术的力度与美感，传达出精巧与力量、振奋与向上的精神气韵，向世界展示了中国建筑悠久的历史积淀和丰富的文化内涵。


2010 年上海世博会中国馆模型（1 ∶ 150）

Model of China Pavilion in 2010 Shanghai World Expo（1 ∶ 150）






2010年上海世博会中国馆模型（1∶150）

Model of China Pavilion in 2010 Shanghai World Expo（1∶150）





In 2010, as a typical example of the conceptual architecture of modern dougong, the Shanghai World Expo China Pavilion was presented to the world as a huge red dougong structure, stately and imposing. It adopted modern wood-like steel structure, with four giant columns supporting a huge multi-level giant beam framework. The stacking and overhanging dougong structures, which challenge gravity, show the force and aesthetic of modern engineering technologies with an air of exquisiteness and strength, inspiration and positiveness, and present the world with China's cultural heritage in architecture and its rich meanings.

2.中国科技馆新馆

The New China Science and Technology Museum

在北京奥林匹克公园内，有一座外形为单体立方体的大型建筑，其整体构造为积木般的块体相互拼插咬合而成，呈现出一个巨大的鲁班锁造型，这就是荣获“中国建设工程鲁班奖”的中国科技馆新馆。鲁班锁蕴含的解锁探秘的含义，很好地传达了中国科技馆体验科学、启迪创新的建馆理念，使建筑本身形成了外在形式与内在精神的完美结合。

In the Beijing Olympic Park, there is a large cubic building, the whole structure like wooden blocks spliced and intertwined with each other, presenting a huge Luban puzzle shape. It is the new China Science and Technology Museum, which has been honored with the China Construction Engineering Luban Prize. The meaning of unlocking the unknown contained in the Luban puzzle well conveys the values of the museum, which is to experience science and enlighten innovation. The building itself is a perfect combination of external form and internal spirit.


中国科技馆新馆模型（1∶300）

Model of the New China Science and Technology Museum（1∶300）






中国科技馆新馆实景图

Picture of the New China Science and Technology Museum






中国科技馆新馆模型拼插步骤示意图

Installation Diagram of the New China Science and Technology Museum Model





3.米兰世博会中国馆

China Pavilion of the Milan World Expo

在当代建筑语境下，传统的木结构榫卯受制于结构跨度、原木材料、防火性能、建造周期等问题，逐渐退出了历史舞台。随着胶合木技术的日渐成熟，建造师开始重新思考木结构在当代建筑中的应用。与原木相比，胶合木强度大、结构均匀、内应力小、不易开裂和变形，同时具有耐火性强、可降解的优点。

2015年米兰世博会中国馆采用胶合木为主材，以中国传统建筑中具有民族性和高辨识度的抬梁式梁架结构为灵感设计而成，整体结构由立柱、横梁等构件组成，东西向有49条木梁架，南北向有37条椽子。构件之间采用含有现代材质的榫卯构建连接，在胶合木节点中暗置了钢结构节点，由传统木结构的“木榫木卯”变成了“钢榫木卯”，构成了富有弹性的构架，形成了具有强烈中国传统建筑意象的中国馆形象，成为榫卯技术在现代建筑中巧妙应用的典范。


2015年米兰世博会中国馆模型（1∶24）

Model of China Pavilion in 2015 Milan World Expo






2015年米兰世博会中国馆实景图

Picture of China Pavilion in 2015 Milan World Expo





In the context of contemporary architecture, the traditional wooden mortise and tenon structures, due to their limitations of structural span, lumber material, fire resistance, construction period, etc., gradually disappear from the historical stage. With the development of the glued wood technology, architects begin to reconsider the application of wood structures in contemporary architecture. Compared with raw lumber, the glued wood has the advantages of high intensity, uniform structure, lower internal stress, anti-split and anti-deformation, as well as strong fire resistance and better degradability.

The China Pavilion of the 2015 Milan World Expo adopts the glued wood as its main material and is designed with the inspiration of the national and highly recognizable beam-lifting structure in traditional Chinese architecture. The whole structure was composed of pillars, beams and other components. There are 49 wooden beams in the east-west direction, and 37 rafters in the north-south direction. Mortises and tenons with modern materials are used to connect components. The steel structure joins are hidden in the glued wood joint, and the traditional “wooden mortise and tenon” is changed to the “steel tenon and wooden mortise”, which effectively help form a flexible framework that made China Pavilion a strong image of traditional Chinese architecture and make it become an ingenious application of the mortise and tenon technology in modern architecture.

4.瑞士苏黎世塔梅地亚大楼

The Tamedia Building, Zurich, Switzerland

此建筑为日本设计师坂茂的作品。整座大厦由相互独立的梁、柱、檩等木构件拼搭而成，摆脱了金属连接或胶水黏合，完全采用传统榫卯工艺建成。

It is designed by the Japanese architect Shigeru Ban. The whole building is assembled of independent beams, pillars, purlins and other wooden components. Free from metal connections or glue bonds, the building is completely built with the traditional mortise and tenon technology.


瑞士苏黎世塔梅地亚大楼实景图

Picture of the Tamedia Building, Zurich, Switzerland






瑞士苏黎世塔梅地亚大楼实景细节图

Details of the Tamedia Building, Zurich, Switzerland





二、现代榫卯家具

Mortise and Tenon in Modern Furniture

中国人讲究含蓄美，中国传统家具把榫卯当作结构部件，尽量把榫卯的咬合关系藏于内部，而把平整光滑的外观呈现于人。现代榫卯家具则恰恰相反，它往往将榫卯结构外化，甚至通过夸张、放大的方式将榫卯作为家具的亮点凸显出来，不藏反露，突出展示榫卯结构的精巧之美。

现代家具设计师将传统榫卯结构与现代设计理念相结合，通过现代生产工艺，打造出古朴又时尚、灵巧又耐用的现代榫卯家具，既满足了消费者对传统工艺文化的欣赏，又符合现代人的生活需求和审美追求。它是时代的产物，体现出了古老榫卯工艺世代相传、历久弥新的生命力。现代榫卯家具以榫卯结构连接为主，以胶合与五金件加固为辅，采用机器辅助开料，经传统手工工艺深加工而成，具有明显的手工痕迹。


榫卯拼装小圆凳

Round Stool Assembled by Mortise and Tenon






现代榫卯家具实物图

Picture of Modern Mortise and Tenon Furniture






现代榫卯家具《满月屏风》《箱椅》（刘铁军作品）

Modern Mortise and Tenon Furniture Named Full Moon Screen and Box Chair by Liu Tiejun





The Chinese culture stresses implicit beauty. Traditional Chinese furniture adopted mortise and tenon as structural components, striving to hide the joints of mortise and tenon inside and present a smooth appearance instead. As for modern furniture, on the contrary, the mortise and tenon structure is often shown explicitly, and even becomes a highlight of the furniture through exaggeration and enlargement, showing the delicate charms of mortise and tenon.

Contemporary furniture designers combine the traditional mortise and tenon structure with modern design concepts. With advanced manufacturing technology, modern mortise and tenon furniture enjoys the reputation of being both simple and stylish, both portable and durable. These features not only meet the needs of consumers for the appreciation of culture of traditional technology, but also conform to the daily needs and aesthetic standards of modern people. Modern mortise and tenon furniture is the production of our times and reflects the revived vitality of traditional craftsmanship which is passed down from generation to generation. Modern mortise and tenon furniture is mainly produced with mortise and tenon structures, supplemented with glued and hardware reinforcement. With machine-aided rough cutting and a fine process of traditional handicraft, the product has obvious features of being handmade.

三、现代榫卯艺术品

Mortise and Tenon in Modern Artworks

科学与艺术，犹如一枚硬币的两面，二者之间具有彼此依托、相互成就的重要联系。随着时代的发展，越来越多的艺术家回望中国传统文化，将古老的榫卯作为艺术创作的主题，以现代人的视角和思考赋予了榫卯新的时代内涵，创作出了大量优秀的榫卯艺术品，将榫卯的科学精粹与艺术魅力同时展现出来，给公众以强烈的视觉震撼和情感冲击，形成了具有传统文化价值的当代中国艺术。

Science and art, interdependent and inseparable like two sides of a coin. With the development of the times, more and more artists look back at Chinese cultural traditions. They choose the ancient mortise and tenon as the theme of artistic creation, give new meanings to it and enrich it with new thoughts from the perspective of modern people, and create a large number of excellent art works. The mortise and tenon artworks show the scientific spirit and artistic charm at the same time, giving the public a strong visual shock and emotional impact as an illustration of Chinese contemporary art with traditional cultural value.

1.榫卯立体字

The Three-Dimensional Characters of Mortise and Tenon

榫卯立体字是将榫卯与汉字结合而成的装置。远远望去，两个用实木制作的榫卯大字悬挂于展墙之上，走近之后却会发现其中的玄机：榫卯两个字的所有笔画都是由各种不同的榫卯构件组成的，而这些榫卯构件或取自建筑、家具，或源于农具、车船，体现出榫卯在古代用途之广泛。观众在破解笔画奥秘的同时，能够感受榫卯的千变万化与创造者的奇思妙想（此展品位于序厅）。

The three-dimensional characters of mortise and tenon is an exhibit which adopts mortise and tenon technique in building the two Chinese characters. Seen from a distance, the two large characters of Sun Mao made of pure wood are hanging on the exhibition wall. But when approaching, we will find that all the strokes of the two characters are made of various mortise and tenon components, which are taken either from buildings and furniture, or from agricultural tools and vehicles. This design is meant to show that the mortise and tenon technology was widely used in ancient people’s lives. While discovering the mystery of the strokes, the visitors can also feel the ever-changing of mortise and tenon and the fantastic idea of the creator ( this exhibit located in the preface hall ).


榫卯立体字

The Three-Dimensional Characters of Mortise and Tenon





2.LED鲁班锁雕塑

LED Luban Puzzle Sculpture


LED鲁班锁雕塑

LED Luban Puzzle Sculpture





这是一件以中国古代传统的“六子联方”鲁班锁为造型的异形LED装置。以鲁班锁为造型是因为它是榫卯的一个代表性符号，可以完美地体现榫卯结构巧妙、扣合严密的特点。整个装置将传统文化、现代科技与当代艺术语言巧妙地融为一体。鲁班锁雕塑的每一个面都由LED拼接而成，伴随着舒缓的音乐，LED屏幕上循环播放着从宇宙星空、地球家园、树木生长、四季轮回的自然之景到古代建筑、家具、车船、桥梁等榫卯杰作的优美画面。精心设计的画面传达给观众的是榫卯所蕴含的“天人合一”的自然观与“道法自然”的哲学意蕴（此展品位于序厅）。

This is a special-shaped LED device modeled on a traditional type of Luban puzzle which has “six components”. Luban puzzle is a representative symbol of mortise and tenon and can perfectly reflect the subtle structure and tight fastening of mortise and tenon. That is why the device is modeled on Luban puzzle. This exhibit is an ingenious integration of traditional culture, modern science and technology, and contemporary art language. The surface of this sculpture is spliced by LED screens. Along with soothing music, the LED screens are showing beautiful pictures in a loop ranging from natural scenes like cosmic stars, Earth homes, growing trees and the changing of four seasons to the mortise and tenon masterpieces such as ancient buildings, furniture, vehicles, bridges and so on. The elaborate design of the pictures is meant to convey to the visitors the natural concept of “harmony between human and nature” and the philosophical implication of “Dao operates naturally” contained in the mortise and tenon (this exhibit located in the preface hall).

3.现代榫卯艺术品


现代榫卯艺术品《瓶合2#》 （傅中望作品）

Modern Mortise and Tenon ArtworkBottles No.2 by Fu Zhongwang现






现代榫卯艺术品《种子3#》 （傅中望作品）

Modern Mortise and Tenon Artwork Seed No.3 by Fu Zhongwang






现代榫卯艺术品《联盒》 （陈康作品）

Modern Mortise and Tenon Artwork Mortise-Tenon Chest by Chen Kang






现代榫卯艺术品《昨天和今天的形式》 （傅中望作品）

Modern Mortise and Tenon ArtworkForms of Yesterday and Today by Fu Zhongwang





四、现代榫卯机械连接

Modern Mechanical Connection of Mortise and Tenon

在古代的中国，榫卯连接就曾应用于金属构件中。到了现代，榫卯工艺在机械连接中的应用更加广泛，尤其在燕尾导轨、键连接、花键连接、止口结构中特征明显。

In ancient China, mortise and tenon joints were used in metal components. In modern times, the mortise and tenon technology is more widely used in mechanical connections, and the mortise and tenon structure can be seen more in the swallow tail rail, key connection, spline connection and rabbet structure.

1.燕尾导轨

Swallow Tail Rail

燕尾导轨是机床上的一种导轨，由丝杠带动工作台在导轨上滑动。

Swallow tail rail is a kind of guide rail on the machine tool, and the lead screw drives the operating bench to slide along the guide rail.


燕尾导轨模型

Model of Swallow Tail Rail





2.键连接与花键连接

Key Connection and Spline Connection

键连接通过键轴和轴上零件间的周向固定，以传递运动和转矩。花键连接是由轴和轮毂孔上的多个键齿和键槽组成的。键齿侧面是工作面，依靠工作面的挤压来传递转矩。花键连接具有较高的承载能力，定心精度高，导向性能好，可实现静连接或动连接。

The key connection is fixed in the circumferential direction between the key shaft and the parts on the shaft to transmit the motion and torque.The spline connection is made up of a plurality of key teeth and keyways on the shaft and hub hole. The side of the key teeth is the working plane, which transfers torque by the extrusion from the key side. Spline connection has larger bearing capacity, higher centering precision and better guiding performance, which can realize static connection or dynamic connection.


键连接模型

Model of Key Connection






花键连接模型

Model of Spline Connection



3.止口结构

Rabbet Structure

止口结构是用于定心、连接的结构。分为凸止口和凹止口，二者成对出现。

Rabbet structure is used for centering and connecting, and it can be divided into convex rabbet and concave rabbet. They usually appear in pairs.


止口结构模型

Model of Rabbet Structure



五、榫卯结构在新型材料中的应用

The Application of Mortise and Tenon Structure in New Materials

在工业化、机械化、自动化程度越来越高的时代背景下，榫卯不再是解决连接问题的唯一或最佳方案，而是成为一种文化和精神的载体。

为了将传统智慧更好地融入现代生活，人们设计和制作出了多种新型环保的榫卯作品。采用具有优异性能和特殊功能的新材料，同时将榫卯结构进行简化和外露处理，使榫卯以一种全新的形式进入人们的视野，让这种古老的技艺焕发出新的活力。


再生混凝土榫卯造型公共座椅

Mortise and TenonShapePublicSeatMadeofRegeneratedConcrete






可回收材料榫卯结构公共座椅

Mortise and Tenon Structure Public Seat Made of Recyclable Material





In the context of industrialization, mechanization and automation, the mortise and tenon structure is no longer the only or the best solution to the problem of connection, but it becomes a cultural and spiritual carrier.

In order to better integrate traditional wisdom into modern life, people have designed and produced a variety of new environment-friendly mortises and tenons, adopting new materials with excellent properties and special functions. At the same time, the structure of the mortise and tenon is simplified and exposed to become a new form coming into people’s sight, rejuvenating the ancient skill into a new life.

六、榫卯乐园

The Paradise of Mortise and Tenon

Modern Luban Puzzle

中国古代工匠以榫卯为基础发明了鲁班锁，使其成为深受人们喜爱的智力玩具。经过历代工匠的不断探索和苦心钻研，从最早的六子联方逐渐派生出了复杂多变、难度各异的鲁班锁类型。它们形式新颖、造型别致，适合不同年龄段的人群操作，已经成为现代人开发智力、娱乐身心的重要益智玩具。

作为河北省秦皇岛市鲁班锁制作技艺非物质文化遗产传承人，张兴久先生自2002年退休以来一直致力于鲁班锁的研究，截至2018年共设计研制出了86种鲁班锁创新款式。张兴久先生将鲁班锁开发成系列化产品，最小的由3根组成，最大的由90根组成，并在传统锁口方法的基础上创新开发了转动法、移动法和推拉开裂法3种新型锁口方法，大大丰富了鲁班锁的类型及玩法。


现代鲁班锁

Modern Luban Puzzles






现代鲁班锁（张兴久捐赠）

Modern Luban Puzzles Donated by Zhang Xingjiu





Ancient Chinese craftsmen invented the Luban puzzle based on the mortise and tenon, making it a popular puzzle. Due to continuous exploration and painstaking study by generations of craftsmen, complex and difficult types of Luban puzzles have gradually been derived from the original Luban puzzle which has six components. Being novel in form and unique in shape, they are suitable for people of different ages and have become an important puzzle for modern people to develop intelligence and entertain themselves.

As the inheritor of the intangible cultural heritage of Luban puzzle workmanship in Qinhuangdao, Hebei Province, Mr. Zhang Xingjiu has been devoting himself to the research of Luban puzzle since his retirement in 2002. Until 2018, 86 innovative styles of Luban puzzle have been designed and developed by Mr. Zhang. Luban puzzle has been developed into a series of products. The smallest one consists of three parts while the largest one consists of 90. On the basis of the traditional lock method, three new lock methods, namely rotation method, moving method and push-pull cracking method, have been invented, which has greatly enriched the types and playing methods of Luban puzzle.

2.拼插积木

Building Blocks

组合式积木经过不断的发展演变，由原来相互独立、没有结构上的咬合、一触即倒的拼搭形式，演变为以榫卯形式为核心、构件之间彼此咬合拼接的拼插模式，连接牢固、易于拆装，深受儿童欢迎。

Through continuous development and evolution, the modular building blocks have evolved from the original form of independent parts with no structural interlocking and more likely to fall off, to a new form which adopts the mortise and tenon as the core with interlocked components. These building blocks are firmly connected and easy to disassemble and assemble, and become very popular among children.


拼插积木

Building Blocks





3.拼图玩具

Picture Puzzle

拼图是一种广受欢迎的智力玩具，它变化多样、难度不一，令人百玩不厌。拼图零片间的互锁通过其边缘凸起的“榫头”和凹陷的“卯眼”来实现，精巧牢固。

Picture puzzle is a popular puzzle toy. Varied in form and difficulty, this toy never bores the players. The interlocking between pieces of the puzzle is accomplished by the raised “tenon” and the sunken “mortise” on the edge, which is exquisite and firm.


拼图玩具

Picture Puzzles







❶
 四根柱子围合的一个空间叫一间。


❶
 A space enclosed by four pillars is called “Jian”.
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