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Bridge is a very important human invention. It is essential to our daily life and it facilitates a convenient transport. Mankind has learned how to cross rivers and valleys by bridges since the ancient time. Early bridges were made by trees, ropes or rocks, etc. The main function of a bridge is to improve our transportation to facilitate the travel. A bridge is like an aerial road that let our traffic be capable of striding across natural obstacles such as straits, rivers, valleys… In some big cities, bridges are used frequently as a crossover to reduce traffic jam and raise transportation efficiency.

The construction of a bridge focuses on bearing the weight (or gravity) of vehicles and humans on it. The load acts directly on the desk and then passes to the base. How can the load be passed to the ground efficiently? In the following, we are going to introduce different designs of bridges under different conditions.

Arch Bridge

Arch bridge is one of most ancient types of bridge design. Arcuate architectures were common in medieval time. By examining the arch bridge structure, we find that the vertical force acted on the desk would pass to the supporting points on both sides of the bridge through the designed arch-shaped curve. The following experiment simulates an arch bridge under pressure:

Hold the ends of a long ruler with two hands and then put a book on the middle of the ruler. You will notice that the ruler deforms obviously. Then hold the ends of the long ruler again but haunch it up to simulate an arch bridge. Put a book on the middle of the ruler again. You will observe that the ruler has no obvious deformation.

As a result, the capacity on bearing the vertical force acting on a structure would increase if the structure is in an arch shape. The famous Sydney Harbour Bridge in Australia is a typical example of arch bridge structure. Think carefully what happens when an arch bridge is under pressure! You may discover that the entire arch bridge structure is under pressure. Therefore, materials that can bear high pressure, such as natural rocks, are the best materials for building arch bridges. Many old bridges are arch in shape for increasing the spans between the bridge piers. Anji Bridge, built at Zhaozhou in China in the 7th century, was once the bridge with the longest arch span in the world. This record had been kept for more than six hundred years until the 13th century.


(Sydney Harbour Bridge) 
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(Anji Bridge) 
Continuous Bridge

Continuous bridge is another common type of bridges. Continuous bridge is usually built over shallow water areas or places where large ships cannot pass through. The Island Eastern Corridor in Hong Kong is a well-known example of continuous bridge design. If you observe its structure carefully, you may discover that the bridge desk was supported by many bridge piers.
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(The Island Eastern Corridor) 
Cable-Stayed Bridge

Cable-stayed bridge also is one of the common types of bridges. Its special structural feature is that there are pylon/bridge towers built on the bridge pier with cables on both sides of tower. To construct a cable-Stayed Bridge, we have to build a pylon/bridge tower on the bridge pier, and then suspend cables from both sides of the pylon/bridge tower to the bridge desk. The load acting on the bridge is passed to the pylon/bridge tower through the cables and then to the ground through the pylon/bridge tower, so as to reduce the deformation extent of the bridge and the stress on the bridge. Steel cables with high tensile intensity are chosen as they have to sustain strong tension over a long period of time. For examples, Kap Shui Mun Bridge and Ting Kau Bridge
 in Hong Kong are designed in cable-stayed style using steel for making the bridge cables. The length of the cable-stayed bridge is usually between 160 and 900 meters.
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(Kap Shui Mun Bridge) 
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(Ting Kau Bridge) 

Suspension Bridge

The last kind of bridge we like to introduce is the suspension bridge. This type of bridge design is commonly used for striding across straits. The structural features of the suspension bridge are similar to those of the cable-stayed bridge: both designs are making use of the pylon/bridge tower. The bridge piers are connected to the bridge desk with a huge suspending cable and vertical steel cables. To construct a suspension bridge, we have to first build pylon/bridge towers on both sides of the bridge pier. Then the main suspending cables are hung on the towers. Then connections are made between the main cables and the bridge desk with vertical steel cables. The ends of the main cables are anchored to the ground by concrete to hold against the great tension acting on it. Golden Gate Bridge, located at San Francisco in California, is a famous suspension bridge. The recently constructed Tsing Ma Bridge, which connects between Tsing Yi and Lantau Island in Hong Kong, is also designed in suspension style with a surprisingly large span. In general, it is a very good bridge design in practice as the span of the suspension bridge can reach to more than 2000 metres.

We have summarized a lot of information on bridges in this article. Is it helpful to you? Try to pay attention to the bridges around you in daily life and observe their structural features to see whether it matches what you have learnt in the above passages.
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(Golden Gate Bridge) 
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(Tsing Ma Bridge) 
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Related Topics in the syllabus: 
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Extensions (from the syllabus):
Bring out the following ideas: Loads from different objects acted on a structure can be passed to other load-bearing parts by different components. In fact, there should be forces in different components of a structure. Let’s take the cable in the suspension bridge as an example. There is a tension, which is a pair of forces of same magnitude but in opposite directions, acted on the cable.

Warm-up discussion:
· What are the functions of bridges? 


a. cross river and valleys;
b. improve our transportation to facilitate the travel;
c. let our traffic be capable of striding across natural obstacles such as straits, rivers, valleys;
d. in big cities, they are used as an crossover to reduce traffic jam and raise efficiency.

· In your experience, how do the bridges look like? 

· What were the bridges made of in ancient times and how about in modern days? 

· Try to find out the details of some famous bridges in Hong Kong. 

· How many types of bridges are there in the world? Write down their important characteristics. 

Points for further discussion:
· In fact, there are many types of bridges in the world. Can we use one type of bridge all around the world? What are the factors affecting the choice of construction? 

· The article states, “in some big cities, bridges are used frequently as an crossover to reduce traffic jam and raise transportation efficiency.” Are there other ways to reduce traffic jam and raise transportation efficiency? 

· The article states, “Anji Bridge, built at Zhaozhou in China in the seventh century, was once the bridge with the longest arch span in the world. This record had been kept for more than six hundred years until the thirteenth century.” During the six hundred years, how was the engineering technology progress in Western world? 

· In Hong Kong, there are many continuous bridges. What are the advantages and importances of such bridge construction? 

· Try to give some examples on famous bridges in the world, and decide what type of bridge designs do they belong to. What are their structural features? Why are they well known in the world? 

· Draw a force diagram of an arch bridge when there is a car on it. Try to label all the forces. 

· Repeat the above question with a suspension bridge. 

· Can you design a distinctive and safe bridge with great load-bearing power across the Victoria Habour with the help of the force diagram? 

· How are the cracks formed? Suggest a method to investigate whether cracks are found in the structure of bridge. If a damage is found in the bridge, how do engineers repair the damage? 

· In this article, we have learnt quite a lot of bridge designs. Summarize and compare their characteristics, advantages and disadvantages. 

Activities:
· Try to hold a “mini bridge design” competition for students. Teachers decide the materials and constraints for bridge construction. 
- Suggested material: spaghetti 
- Suggested assessment criteria: appearance, feasibility in use, the maximum load-bearing 

· HKSAR government has held a competition “Stonecutters Bridge”. (http://www.arup.com.hk/stonecutters/) Try to study and discuss the designs of the winners. 

· Straw Bridge Construction 
- This activity not only fosters students’ interest in physics but also their critical thinking skills, creativity, communication skills and other generic skills.Students also experience the four key tasks: moral and civic education, reading to learn, project learning and information technology. 
- Before the construction, students are divided into several teams. Students of each team have their roles, such as project manager, architects, civil engineers, surveyors….etc. They are required to do research on straw bridge design and suggest several alternative designs in their own project meetings. They are expected to suggest pros and cons for each alternative solution. The project manager is also expected to lead the meeting in order to have final decision with consent from majority. They submit proposal with formal presentation. Meeting minutes are also submitted for teachers’ reference. In the construction day, the bridge must be made of soda straws and string. Adhesive materials are not allowed to use. 
- This teaching and learning idea is totally different from typical straw bridge construction. It emphasizes on the whole process from students’ group brain storming to the construction. Obviously, the final straw bridge product is assessed. The communication process of the whole project should be highly appreciated. For the criteria of the straw bridge construction, teachers should design their own rules. 

· From your experiences, discuss the ways for the maintenance of bridge. 

· From your experiences, discuss the ways to examine the structure of bridge. 

· Civil engineers are one of the professional in bridge construction. Discuss the role of Civil engineers. 

· Investigate the different roles among Civil engineers, Structural engineers, Building Surveyors, Quantity Surveyors, Builders, Building Services Engineers and Architect in construction industry in the construction of bridges. To what extent, you would like to devote yourself into construction industry. 

· Develop several experiments to investigate the deformation of structures with three or more sides. Besides, investigate the reason for necessity for parts of a bridge to form triangles in design. 

Related Web Sites:

· The Bridge Site Home Page
Contains various information and links of Bridge Engineering, including learning materials and links for beginners. 
http://www.bridgesite.com/ 

· NOVA Online Super Bridge 
On this Web site, you can test your engineering skills by trying to match the right bridge to the right location. Teaching guide are also available for teachers. 
http://www.pbs.org/wgbh/nova/bridge/ 

· Bridge Engineering Home Page 
Contains links to all bridge engineering related subject matter on the net. More information for education purpose can be found at the section “Exhibits”. 
http://www.scsolutions.com/bridge.html 

· National Building Museum 
This site explores the broad scope of U.S. achievement in architecture, design, engineering, construction, planning, and landscape architecture. An educator resource packet is also included for teachers and students. 
http://64.23.60.218?public/bridge.swf
http://www.nbm.org/Education/Educator/guides.html 
· BUILDING BIG All About Bridges
In this site, one can explore large bridges and what it takes to build them. It contains nice flash animations in explaining various fundamental principles in building bridges. 
http://www.pbs.org/wgbh/buildingbig/bridge/index.html 

· Minnesota Historic Bridges
The site provides photos and historic information of some famous bridges in Minnesota. 
http://www.mnmodel.dot.state.mn.us/mn_arch/bridges
/history/history.html 
· Highways Department-Ting Kau Bridge and Approach Viaduct
Provides details on the project of Ting Kau Bridge. 
http://www.hyd.gov.hk/chinese/major/index.htm 

· DiscoverHongKong-Tsing Ma Bridge
Provide information of Tsing Ma Bridge for tourists. 
http://www.discoverhongkong.com/tc/touring/hkiidistricts/
ta_dist_kwai1.html 

· Tsing Ma Management Limited
Tsing Ma Management Limited offers the motorists and users of the Tsing Ma Control Area a smooth and safe passage. This site also contains details information of Kap Shiu Mun Bridge, Tsing Ma Bridge and Ting Kau Bridge. 
http://www.tsingma.com.hk/Web_pages/Home_pages/
frame_company_profile_c.htm 

· HK Airport Core Programme
10 Core Project includes Lantau links which comprise the Tsing Ma Bridge, the Kap Shui Mun Bridge and the Ma Wan Viaduct. 
http://www.info.gov.hk/napco/ 

· Route 9 between Tsing Yi and Cheung Sha Wan
Project details of Route 9. 
http://www.hyd.gov.hk/road/projects/HTML/e_6711_info.htm 
· BBC NEWS - England New award for 'Blinking' bridge
A report that the Gateshead Millennium Bridge has won a prestigious engineering award. 
http://news.bbc.co.uk/1/hi/england/2821977.stm 
· BBC News - In Depth Millennium Bridge
The Millennium Bridge at London was designed to take the weight but suddenly developed a very worrying and obvious wobble. So what went wrong? And what have the engineers done to prevent the Millennium Bridge from becoming a millennium flop?
http://news.bbc.co.uk/hi/english/static/in_depth/uk/2000/
millennium_bridge/default.stm 
· New Scientist - World's longest suspension bridge gets go-ahead
Italy's government has given the go-ahead to build the world's longest suspension bridge, linking Sicily to the mainland. The bridge will be 3.7 km long, with a 3.3 km gap between the supporting towers. 
http://www.newscientist.com/news/news.jsp?id=ns99992380 
· New Scientist - Da Vinci bridge finally built after 500 years
An unconventional bridge designed nearly five hundred years ago by Leonardo Da Vinci has finally been built. 
http://www.newscientist.com/news/news.jsp?id=ns99991510  

· Further Readings:
· 科學人：中文版，2002年7月號，p.24，“最長的橋”，簡述威廉斯堡橋。 

� Ting Kau Bridge is 1177m long. 900m is NOT the limit for cable-stayed bridges. From the economic point of view, the cable-stayed bridge is usually most competitive when the span is between 160 to 900m (but even this range is just a rough estimate). Depending on the local geographical condition as well as aesthetic considerations, the cable-stayed bridge can be the choice even when the span is over 900 m.





