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Abstract: On the lightning-proof measures applied for ancient buildings in China, the popular opinion is that the modern mechanism was analogously applied. To this viewpoint, after years’ on-the-spot survey, the authors of this paper gives a negative answer. Furthermore, a new answer is given in this paper, that is, the integration of the insulating characteristics of ancient buildings and the natural elimination to lightning from ancient buildings themselves or their environment. To an important extent, the lightning-proof mechanism used in ancient buildings in China was related to the naturism concept of ancient Chinese.
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Since modern lightning-proof measures were marked by Benjamin Franklin’s invention of lightning rod in the 18th century, an interesting question thus arises, that is, why haven’t many ancient buildings in China been struck by lightning? Due to the ignorance of their real mechanism, the question has been an enigma for a long time. After years’ on-the-spot survey, a general theory referred the mechanism is conceiving in our minds. This is just a summarized paper on the survey.

Part One

Are the Same Mechanism: Lightning-Proof Measures

between Ancient China and Modern Time?

For a long time, there is a popular opinion on the lightning-proof mechanism referred Chinese ancient buildings, namely, the modern lightning-proof mechanism is analogously applied in these ancient buildings. However, this opinion couldn’t come into existence.

Although there are a lot of lightning-proof measures applied in modern time, the basic mechanism is only two, the one of lightning rod, and the other one of ion-neutralization. The purpose of the former, is to lower the intensity of electric field above buildings, by leading the opposite charge down to the ground. The purpose of the latter is just the reverse, to neutralize the charge in the cloud by leading the opposite charge on the ground upward through the ion-neutralization device, or to produce a protecting layer above buildings through the device’s discharging. Many scholars thus take the lightning-proof mechanism of Chinese ancient buildings as one of the above two.

To the first mechanism, so far this sort of devices as lightning rods haven’t been found in Chinese ancient buildings except for Bailiang Palace in Han Dynasty, and one example which is distrustful. Sometimes there are metal devices found within ancient buildings, such as Aquarius, treasure temple, dragon head and bird tail, but even one sample hasn’t been observed, whose metal device is connected by metal conductor down to the ground. Someone then proposed that the Leigong (Thor) column, Taiping (safe) girder, edge post and the same probably play the role of the line to lead the thunder current down to the ground. However, the heat produced by the thunder current is over 6,000~10,000℃ and could have burned any timber, brick or stone, the Leigong column, Taiping girder, edge post and the same couldn’t be the lead line. Therefore, it is obvious that the measure applied lightning rod hadn’t been developed in ancient China.

As for the second mechanism, there is also no reason to be accepted. Firstly, like the mechanism of lightning rod, the ion-neutralization needs the downward lead line. However, as the above mentioned, there is no device as lead line. Secondly, some scholars believe the metal decorations on the top of ancient buildings just play the same role of the device for ion-neutralization. This opinion is also unable to be oppugned based on the following reasons. 1) In order to discharge, the ion-neutralization device needs several metal pins connected together through conductors, while the metal decorations on the top of ancient buildings are independent, that is to say, videlicet, there are no metal lines to connect among these metal decorations; 2) The ion-neutralization device needs several metal pins, which are good conductors, while there is usually one metal decoration on the top of ancient building, and the only one decoration was painted with some insulating materials such as tung oil; 3) Many ancient buildings in China have been installed lightning rods since 1950’s, and the rate of lightning strike greatly decrease. As the above mentioned, the lightning-proof mechanism of the lightning rod is just the reserve to that of ion-neutralization, the two measures shouldn’t be put together, otherwise the building will become easier to be struck. Therefore, if there had really existed ion-neutralization device within ancient building, the building should have been easier to be struck. 

Part Two

The Lightning-Proof Mechanism of Chinese Ancient Buildings: 

Insulating Characteristics and Natural Elimination to Lightning

For years’ on-the-spot survey, a conclusion is made in our minds, that is, the lighting-proof effect is probably accomplished by the integration of two factors. One is the insulating characteristics of ancient buildings in China, the other is the elimination to lightning from ancient buildings or their environment. The insulating characteristics makes the buildings be able to bear a more intensive lightning strike; And the natural elimination to lightning makes the thunder charges disappear greatly, thus the charges are diverted to the protruding objects or tines surrounding the buildings. Apparently, the above-mentioned two factors are of the same mechanism, namely, the selectivity to lightning strike, whose purpose is to divert the thunder charges to the protruding objects or tines surrounding the buildings. Of the two aspects, the insulating characteristics is fundamental and absolutely necessary, but is also relative. Without the natural elimination, any ancient building would have been struck. However, in ancient China, due to the rule and need of the prevailing geomantic omen theory to the constituents referred the buildings, such as geographical environment, interspace structure, geological status, environment, architecture structure, and etc., as a result, the above-mentioned two lightning-proof aspects are integrated intrinsically and objectively.

As for a concrete ancient building, the scale between the above two is probably different, but the one must be possessed at least (of course, the integrality of the two is the best ). Otherwise, the building is very probable to be struck.
 Below are the three examples in Shanxi.

1) The natural elimination to lightning and the lightning-proof effect of the group buildings in Wutaishan Mountain area

By our opinion, as well as the good insulating quality within themselves, the more important and more intensive capacity for natural elimination to lightning makes of the reason of being rarely struck for the group buildings in Wutaishan Mountain area for nearly 2000 years.

From North Qi Dynasty to Qing Dynasty, there once were hundreds of temples in Wutaishan Mountains, including 58 temples still survived nowadays, especially the East Main Hall of Foguang Temple and the Dafo Hall of Nanchan Temple which of all were built in Tang Dynasty and were also the earliest timberwork buildings in China. Of all the buildings in the area, Grand White Pagoda built in 1407 is the highest, 56.4m high. Although there were hundreds of buildings which had undergone a very long time, and no lack of tall buildings in Wutaishan Mountain area, the record on being struck has never been found. Obviously, the natural elimination to lightning from the environment plays the main role in the lightning-proof process.

Before the electricity rises, the thundercloud is neutral, so the separated positive and negative charges must be of the equal amount after the electricity rises. The ways of neutralization of thundercloud charges are usually two, eruptible thunder and peaceful elimination to lightning. The rate of elimination to lightning from nature is above 80%, the thunder we feel is only the remains after the elimination. The natural elimination to lightning is actualized by the means of protruded and tine objects on the ground, so the eliminating capacity in each area is quite different, and the selectivity of lightning strike indicated this point. As a whole, the environment in Wutaishan Mountain area is of rather intensive eliminating capacity. From the viewpoint of the locality of each temple, the lightning strike is capable of being avoided to the extra extent. 

Firstly, there are a great amount of the phenomena involved Buddha lamp or god lamp in the record about Wutaishan. These phenomena are of some common characteristics, for example, most of them emerging on the thunder storm, mist or snowy days, emerging at the time when the sky is gray or dark and often in the night, specially all emerging above temples, trees, mountain rocks and humans. The mechanism for these phenomena can be explained as follows: as a result of the action of thundercloud electric field, the faradic charges emerge on the ground. According to the distribution law of conductor charges, these charges are likely to centralize on the protruded and tine area, therefore, a more intensive electric field is formed on the surrounding. When the intensity of the electric field files up to an extent, a discharging phenomenon should take place on the protruded and tine area, on the meantime, a layer of light aura, namely, the electricity aura, usually emerges on the surrounding, which looks especially distinctive in the night, that is the so called Buddha lamp or god lamp. This discharging action makes the intensity of the electric field lower, the eliminating effect to lighting is thus accomplished.

Secondly, the topography around the group buildings in Wutaishan Mountain is available of natural elimination. These ancient buildings are mostly located at the mountainside or upper area on maintain bottom, where great mounts are on the back and an expansive land ahead along several rivers or brooks. Meanwhile, these temples are encircled within the mountains and set off one another by age-old trees. These settings, especially high and steep hills, needle and protruded rocks, and very tall trees, are of very intensive ability to eliminate lightning. When the thundercloud forms above, the ancient buildings locate on the zone of weak electric field due to the eliminating effect from environment, in other word, the ancient buildings are screened.

Thirdly, the environment on Wutaishan Mountain area is propitious to natural elimination to lightning. On Wutaishan Mountain, there are flourish woods and grass, of these, only the acreage of foresee is near 4,000ha. Not only is the flourish woods able to restrict the air to move vehemently, but to conduct the faradic charges on the ground up to the air by way of their innumerable treetops. Especially robur, the own tree species on Wutaishan Mountain, whose forest acreage is over 800ha and accumulation amount over 50,000m3 ，as well as birch and larch, is the main factor for natural elimination to lightning by means of its deep roots.
 The mechanism is that the deep roots of these trees with the humid subsoil form good conductors, which make the neutralization easer between the charges on the ground and the air, therefore, the robur is the tree that is likely to be struck. Besides, there are a lot of water resources on the Wutaishan Mountain area, such as the brooks, springs, wells and rivers. These water resources along with their surrounding are also the places easily struck. Thus, the environment on Wutaishan Mountain area makes up of its own characteristics for natural elimination to lightning.

In a word, by selecting reasonably the site, that is, not only the selection of Wutaishan Mountain area where the whole capacity for natural elimination to lightning is intensive, but the most exertion of the natural eliminating effect from local landform and objects on the ground, ancient Chinese make their buildings be rarely struck, the building-group on Wutaishan Mountain area is only a type of this factor.

2) The natural elimination to lightning from the Building itself and the lightning-proof effect of Yingxian County Wood Pagoda

From the viewpoint of natural elimination to lightning, the buildings themselves are also the protruded and tine objects on the ground, if there are the top-end and metal ornaments such as Aquarius and treasure temple on their tops, the eliminating effect to lightning could be accomplished to some extent on thunder storm days. Yingxian County Wood Pagoda in Northern Shanxi is located with the surrounding of clear and sterile flat, its capacity for natural elimination to lightning from the environment is limited. However, the pagoda has never been struck since its construction in 1056. What’s its mechanism? By our opinion, the main reason is the good integrality of both itself eliminating capacity and excellent insulating characteristics. There is a metal temple on the top of the pagoda, whose base is connected by eight iron chains of no ornamental use. The eight iron chains could be similarly applied for the upper cover of Faraday Cage, namely, umbrella implement for ion producing
, thus a amount of thunder charges could be eliminated. Furthermore, the whole framework of the pagoda is made of pine, the groundwork is composed of two layers, the 4m high upper layer is built by stone, white ash, brick and compacted mud, the lower layer stone, scree, brick and compacted mud. As well as the dry surrounding earth layer, both the groundwork and the whole pagoda body are of excellent insulating characteristics. Thus the integrality of the intensive capacity for elimination from itself and the excellent insulating characteristics, is the key lightning-proof mechanism for Yingxian County Wood Pagoda.

3) The lightning-proof effect from insulation and the double pagodas in Taiyuan

After years’ investigation, Chinese was able to distinguish conductor and insulator to some extent in very early times. In other words, it is very possible for ancient Chinese to carry out the lightning-proof effect from insulation based on the understanding level for thunder. Taking the building-group in Wutaishan Mountain area for an example, the used materials are mainly divided into three categories: pure metal, timber and brick-stone. As for the pure metal building, for example, copper palace and copper pagoda, its permeation with the nature makes its lightning-proof effect obvious. As for the timberwork and brick-stone building, its frame is mainly composed by groundwork, wall body and top. The groundwork is made up of brick, stone, slurry, timber and tampered mud, all of these materials are insulative or close to insulative, with the moisture-proof, antisepticising, quakeproof and waterproof functions from the material choosing and building technique, the whole groundwork is a excellent insulator; The wall body is mainly made up of timber, brick and stone, slurry, brick dust, putty, hemp and oil paint, all of these materials are of good insulating characteristics, with good technics and structure, the wall body is waterproof and is able to withstand the rainstorm; The materials to make of the top are timber, tile, ash, mud, oil paint and metal. Except for the metal, all the materials are good insulators. In addition, almost the dainty buildings are dealt with the process of insulation on the surface, for instance, the timberwork and the metal section are painted with oil paint and tung oil，and the brick-stone section with the mixture of tung oil and brick dust. As a whole, the building-group in Wutaishan Mountain area is of good insulating characteristics, if being not destroyed, the group isn’t easy to be struck. Meanwhile, the good surrounding ventilation makes the buildings clean and dry, the insulating characteristics isn’t easy to be destroyed. The excellent insulating characteristics, supplemented each other with intensive natural capacity from the environment, prevents the buildings from lightning strike very effectively.

The typical example whose main role is played by means of the building’s own insulating characteristics should be the double pagodas in Taiyuan. The double pagodas built in 1608 were the superexcellent brickwork building in Ming Dynasty. Each of the two pagodas is of octagon bottom planes, hollow bowel, 13 layers and 54.7m high. The pagoda body is whole brick-stone work, except for one supporting timber on the corner eaves of each layer. Meanwhile, the double pagodas locate on the highland where the soil is dry, and couldn’t be drenched by the rain. Therefore, the pagoda is of more excellent insulating characteristics even than the buildings in Wutaishan Mountain area, more like the big overhanging cluster along transmitting electricity line nowadays.
 The double pagodas locate on the highland of Taiyuan, the natural eliminating capacity to lightning from the surrounding is weak. Meanwhile, each pagoda is of the only one high spire and some protruded eaves on each layer, thus the eliminating capacity is insufficient. The reason for the double pagodas not to have been struck for nearly 400 years, is mainly their own excellent insulating characteristics. 

Part Three

The Ancient Buildings on the Imperial Palace in Beijing: 

A Reverse Example
As we discussed as above, although the keystone for lightning-proof measures may be different, at least one of the two measures must be possessed, namely, the natural elimination to lightning from the surrounding or the building itself, and the insulating characteristics from the building itself, or else, the building is very likely to be struck. For instance, the ancient buildings in Beijing had once been struck more severely and frequently. The main reason is its very feeble capacity for natural elimination to lightning from the surrounding. Generally speaking, the eliminating effect to lightning from both the macroscopic environment and the microenvironment in Beijing is much weaker than that in mountain areas. Typically, the Imperial Palace, which had been frequently struck, is of a total area as much as over 720,000m2, its surrounding protruded objects are only the Jingshan Mount and the White Pagoda in Beihai Park, so the natural eliminating capacity to lightning from the surrounding is weak. The ancient buildings in Beijing are commonly tall and grand, thus these buildings are the most distinct protruded objects compared with their flat surrounding. Although most of the buildings are of good insulating characteristics, their tallness and protrusion also make them be easily struck by the thunder. And usually to a different extent, some in-house settings and decorating components of many ancient buildings in Beijing may have destroyed the whole insulating characteristics of the buildings, thus an important factor for being struck arises. The Chengqian Palace’s being struck on the Imperial Palace on 2 June 1984, results just from a treasure box with metal inside in the lower-middle front ridge of the building. In fact, all the ancient buildings on the Imperial palace are placed a similar treasure box!
To an important extent, therefore, the lightning-proof mechanism used in ancient buildings in China was related to the naturism concept of ancient Chinese.
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