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Abstract 

The field investigations including the statuses of fire protection layout, fire hazards and fire protection facilities for Nanjing representative 
historical building (Yuejiang Tower, Tianfei Palace, Jiangnan Examination Institute and Confucius Temple) have been conducted. The 
problems of the investigated historical buildings are found to be: extensive distribution of combustibles, high fire loads, deficiency of fire 
separation distance, shortage of fire facilities, unreasonable fire detector and extinguisher selection, backward fire regulations etc. Taking 
Yuejiang Tower as an example, the design of minimum extinguisher configurations has been performed according to the code and 
investigated data. Finally the optimal proposals and measures to improve the fire protection and management system are presented. 

© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013.  
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Nomenclature 

Q fire rating(A/B) 
K correction coefficient 
S protected area (m2/A or m2/B) 
U extinguisher configuration level of configured site relevant dangerous rating(m2/A or m2/B) 
QS the fire rating of actual configuration extinguisher for each site  
Qe the fire rating of required configuration extinguisher for each site 
N quantity of configuration site  

1. Introduction 

Historical buildings are important cultural fortunes of China with a high appreciation of heritage, scientific and artistic 
values of civilization, and for non-renewable cultural resources [1]. While historical buildings always show large fire 
hazards and can cause significant losses of civilized values once fires occur [2]. With a deep accumulation of historical 
cultures and as ever onetime capital for ten dynasties, Nanjing in Jiangsu province is an important represent of Chinese 
historical civilization. Till the end of 2007, there are more than 2029 cultural resource spots, among which 298 ones are 
historical buildings [3]. 

In recent years, fire accidents of Nanjing historical buildings occurred frequently. For example, in January of 2008, 
Nanjing "comfort houses " relics of Japanese invading army was burned by fireworks; in April of 2011, Nanjing "Lu Xun's 
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floor " in Jiangnan Army College of late Qing Dynasty was burned severely, and in May of 2011, an electricity fire occurred 
in tower of pharmacists of Jiming Temple [2].Thus, the fire risk assessment and systematical fire protection design are 
rather important to the historical buildings.  

In previous studies about fire protections of the historical buildings, ZhouBiao et.al[4] , used the tool of Fire Dynamics 
Simulation to simulate a fire in the Tianjin group-living yards of Ming Dynasty, and found that the fire extinguishing 
systems could take rather effects and fire retardant coating settings have improved the fire resistance levels; M.N. Ibrahim 
et.al[5], applied the analytic hierarchy process (APH) for fire risk assessment of historical buildings in Malaysia, and noted 
that the advantages and disadvantages of active fire protection systems and combustion level of building materials are 
important factors to the fire risk; Du Feng and You Fei [6] proposed the application possibilities of new types of flame 
retardant materials such as nano-materials and bio-chemical protection materials (like extraction of chitin) on the historical 
building protection. 

In this paper, four Nanjing representative historical buildings including Yuejiang Tower, Tianfei Palace, Jiangnan 
Examination Institute and Confucius Temple have been selected to conduct field investigation. The statuses of fire 
protection layout, fire hazards and fire protection facilities were investigated. The design of minimum extinguisher 
configurations for Yuejiang Tower was performed. Besides, according to the investigated results, the feasible measures of 
fire management have been put forward. 
 

2. Field Investigation of Nanjing Representative Historical Building 

2.1 Fire hazards of Nanjing representative historical buildings 

(1) High fire load and low fire resistant level.  
The main structural components (like column, beam, rafter, joist, bucket arch, door, windows, floor and staircase) of 

investigated buildings are manufactured from pine, fir and camphor woods. The theoretical value of fire load is about 31 
times that of reinforced concrete buildings [7]. These historical buildings show a low fire resistant level of class three or 
class four, especially in the Great Hall of Confucius temple as showed in Fig. 1(a). Under the effects of the natural aging, 
cracking, paint peeling, mildewing and rotten metamorphism, the wood largely present as the porous structure. This kind of 
wood contains a lot of vegetable oils, and the surface is coated with a layer of paint. The conditions of stack frame brackets, 
caisson, different shapes of the windows and doors and wooden structure of the splicing gap greatly expanded the contact 
interface between air and combustibles. Thus they are prone to large area burning and even lead to a flashover. 

(2) Grouping layout favoring the spread of fire and is difficult to control.  
The layout of the investigated buildings is compact as they are connected in groups or based on kinds of single buildings 

like quadrangle dwelling and cloister, lanes, corridors and small squares (such as Tianfei Palace and Jiangnan Examination 
Institute as shown in Fig. 1(b)). The buildings are usually constructed symmetrically and displayed along horizontal and 
vertical axes. Fire proofing spacings are thus not enough. Neighboring wood structures can be burned in large areas. It is 
rather disastrous for suppression. 

(a)     (b) 

Fig. 1. (a) Wood-frame Hall in Confucius Temple. (b) Cloister Layout in Tianfei Palace 

(3) Extensive distribution of combustible and flammable materials. 
Many combustible decorative materials which are made of cotton, flax, silk and wool fabric like streamers, antependium, 

folding screens, wall pictures, draperies are involved in investigated historical buildings as well as the large amount of wood 
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furniture especially in the hall of Yuejiang Tower. Besides, in the Great Hall of Confucius Temple and the hall of 
avalokitesvara buddhisatva of Tianfei Palace, a lot of antependium, hanging flags, wishing vow, candles and all kinds of 
burning incense etc. can be seen. Since the Yuejiang Tower was built on Lion Hill with trees around, large amounts of fallen 
leaves are piled up on the ground all the year. According to the survey, the fallen leaves are dominated by pine and chestnut 
leaf. Accumulated leaves with loosen structure are easy to dry, hard to rot and widely distributed. Once encountered in fire, 
it will spread rapidly and is difficult to control. Thus , it can threaten the historical building in the hills as shown in Fig. 2. 

(a)     (b) 

Fig. 2. Typical Combustible materials of Yuejiang Tower inside and out (a) Hillside fallen leaves and wooden furniture of Yuejiang Tower (b) Hanging 
antependium and combustible wishing vow in the great hall of Confucius temple 

(4) Site selection and commercial developing leading to difficult suppression.  
The investigated buildings are located at busy streets (like Confucius Temple and Jiangnan Examination Institute) or on 

mountain massif (like Yuejiang Tower and Tianfei Palace).In the investigation it was found that the former with higher 
ground has no fire pool or natural water resource surrounded as well as any fire passage, While the latter is enclosed by 
commercial residence. Thus fire passages are occupied or disappeared. Some buildings even set up high doorsills and 
footsteps. Once caught fire, it probably would delay the suppression and cause more property loss and casualty. 

2.2 Investigation and analysis on fire protection status of historical building 

2.2.1 Status of fire protection equipment  

Yuejiang Tower, the Investigated building, is 52 meter in height and has seven floors. The Fire protection equipments 
installed and corresponding technical parameters are showed in Fig. 3 and Table 1 respectively.  

Fig. 3. Fire protection equipments of Yuejiang Tower(From left to right dry powder (stored pressure) extinguisher, hydrant, Manual alarm, fire door 

              Table 1. Technical parameters of MFZ4 Dry powder (stored pressure) Extinguisher [8] 

Model Mass/kg extinguishing agent fire rating Effective spraying range(20±5 )/m range of application 

MFZ4 4 NaHCO3 10B ≥4 Liquid, gas and electrical initial fire 

 Fire protection equipments of the Investigated historical building Tianfei Palace, Jiangnan Examination Institute and 
Confucian temple are showed in Table 2. 
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                    Table 2. States of Fire protection equipments in Tianfei Palace, Jiangnan Examination Institute, Confucian temple  

Fire apparatus Tianfei Palace Jiangnan Examination Institute confucian temple 

Detection and Alarm 
equipment 

Smoke detector, 

Manual fire alarm 
Smoke detector, Manual fire 
alarm, Security monitoring 

Smoke detector, Manual fire 
alarm, Security monitoring 

Fire extinguishing 
equipment 

Inside water supply system, 
Hydrant*11,  

MFZL2 dry powder (stored 
pressure) extinguisher box *9 

Inside water supply system,  

Hydrant *1,  

MFZ/ABC2-A dry powder (stored 
pressure) extinguisher box *7 

Outside water supply system, 
Hydrant *1,  

Dry powder (stored pressure) 
extinguisher box *12,  

MFT20 Wheeled dry powder 
fire extinguisher *1 

Warning sign 
Fire warning sign,  

Fire emergency escape route 
sign 

Fire warning sign,  

Fire emergency escape route sign 

Fire warning sign,  

Fire emergency escape route 
sign, Emergency light 

From Fig. 3, Table 1 and Table 2, it can be seen that the investigated historical buildings have been installed a part of fire 
protection facilities such as alarms, dry powder fire extinguishers, fire warning signs. However, there remain a lot of 
inadequacies upon the layout of fire protection and the Fire Services demand, such as in a busy street, insufficient fire 
separation distance, lack of fire-fighting pipe network and automatic fire-extinguishing system , unreasonable lectotype of 
fire detector and backward fire management system. At the beginning of 2013, the Tibet public security fire department 
released a local standard "design, construction and acceptance of technical regulations of high pressure spray ancient 
architecture of distributed fire extinguishing system" including contents of distributed high pressure spray fire extinguishing 
system design, construction, inspection and maintenance of the specific requirements of management. It is of great 
significance to strengthen fire safety protection ancient architecture and beneficial for Nanjing historical buildings.  

According to the original architectural drawing and on-the-spot investigation of Yuejiang Tower, the protected area S is 
been obtained by means of engineering calculation as shown in Table 3. Then, the graph of fire protection equipment 
distribution was schemed as shown in Fig. 4. 

                      Table 3. Quantity of fire protection equipment in Yuejiang Tower 

Floor Quantity of 
Extinguisher Box 

Quantity of 
Hydrant 

Quantity of Smoke 
Detector Usable area S(m2)[9] 

1F 5 1 1 287.04 

2F 2 1 1 201.6 

3F 6 2 1 444.8 

4F 2 1 1 166.4 

5F 3 1 - 166.4 

6F 1 - 1 166.4 

7F 5 1 1 251.84 

 

Fig. 4. Fire protection equipments layout of Yuejiang Tower 1F-7F (exclude 3F, unit mm) 
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2.2.2 Minimum configuring calculation of fire extinguisher  

According to the item 4.2 in "Code for Design of Extinguisher Distribution in Buildings GB50140-2005" [10] and the 
Fire protection layout of four investigated historical building as mentioned above, the Distribution point, Distribution point 
amount and selection of extinguisher can be seen unreasonable. As the specification [10] required, the distribution and 
selection of extinguisher should be determined by fire risk, amount of combustible substance, probable fire spreading 
velocity, fighting difficulty and feature of the equipment. As the area of protected place and fire rating of extinguisher are 
ascertained, the model and amount of extinguisher can be determined [8]. 

According to the investigation and data enquired by literature, the minimum configuring design of fire extinguisher has 
been made. Due to the Yuejiang Tower is a building with the style of four sun-facing sides and three shady sides(3F is the 
horizontal layer and 1F, 2F are below the horizontal layer), and the 3F is the floor with largest area, the following 
calculations all take the 3F for example. The fire protection equipment distribution of Yuejiang Tower 3F is showed in Fig 
5(a). 

(a)     (b)  

Fig. 5. Fire protection equipment distribution of Yuejiang Tower 3F. (a) Fire protection layout of Yuejiang Tower 3F(unit mm) (b) Set point distribution 
of extinguisher(unit mm) 

(1) Determine the fire hazard rating of extinguisher configuration site.  
The Item 3.3.2 of code [10] has regulated that if the conditions of civil architecture like important property of use, 

densely populated, large amount of combustibles, fast spreading of fire, difficult to extinguish and easy to cause great loss 
of lives and property are satisfied, it can be classified as great dangerous rating. According to the investigation, the Yuejiang 
Tower which meets the conditions above can be classified as great dangerous rating building. 

(2) Determine fire type of extinguisher configuration site.  
According to the code [10],Yuejiang Tower with large amount of carbonaceous solid combustibles like wood, cotton, 

wool, flax and papers can be classified as fire of type A. Besides, the extensive use of electrical equipments which is 
exposed wiring is vulnerable to environmental impact. Then it can cause the fire of type E. 

(3) Divide unit of extinguisher configuration place. 
Due to the identical dangerous rating of floors in Yuejiang Tower, each floor can be set as a separate unit for calculation. 
(4) Calculate protected area of the unit. 
According to the code [10], the protected area should be calculated in accordance with usable area. Thus, the protected 

area of certain unit is the usable area "S" shown in Table 3.  
(5) Calculate the fire rating of the configuration unit.  
According to the item 7.3.3 of the code [10], the minimum fire rating that the public place like temple required can be 

calculate by the equation (1) as follows. 

U
SKQ 3.1

                                                                                 

(1) 

where: Q is fire rating(A/B); S is protected area (m2);U is extinguisher configuration level of configured site relevant 
dangerous rating(m2/A or m2/B); K is correction coefficient. The investigated Yuejiang Tower has not installed automatic 
fire-extinguishing system, and K=1 when there is no hydrant, while K=0.9 when there has hydrant. When it is classified as 
great dangerous rating building, U=50. So the calculation result of Q is 10.40832A. 

(6) Determine the configuration amount and the location of extinguisher configuration site.  
According to the chart 5.2.1, item 5.2.1 of the code [10], when the building is classified as type A, the maximum 

protective distance of the portable extinguisher is 15 m. By using the protective circle simplified design method, the ideal 
configuration site A, B, C can be determined. As is shown in Fig. 5(b), all region of the unit has been covered by three 
circles with radius 15 meter and has no blind angle. The design meets the code requirements can be accept. Besides, the 
configuration site can be adjusted upon the reality. 
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(7) Calculate the fire rating of each configuration site.  

A
N
QQe 46944.3

3
40832.10

                                                              

(2) 

(8) Determine the extinguisher model, specification and quantity of each configuration site.  
According to the investigation, fire danger rating and the requirements of code [10], the portable ammonium phosphate-

ABC dry powder (stored pressure) extinguisher can be selected. As is required by the item 6.2.1, the minimum 
configuration fire rating of each extinguisher to the great danger rating building is 3A. Meanwhile, the fire rating of actual 
configuration extinguisher Qs must be greater than Qe which is calculated value. Finally, the scheme of extinguisher 
distribution for Yuejiang Tower can be obtained. The details have been shown in Table 4 and Table 5 as follows. 

    Table 4. Performance parameter of ammonium phosphate-ABC dry powder (stored pressure) extinguisher [8] 

Model Mass/kg extinguishant Fire rating Effective spraying range(20±5 )/m range of application 

MF/ABC5 5 ammonium phosphate 3A ≥4 Wood, paper, fiber et.al solid material fire 

By the design method as mentioned above and the investigated data, the can be rule out as shown in Table 5.  

                              Table 5. Extinguisher minimum configuration scheme of Yuejiang Tower 

Floor 1F 2F 3F 4F 5F 6F 7F 

Site 2 2 3 2 2 2 2 

Quantity 2 1 2 1 1 1 1 

Actual Quantity 10 4 12 4 6 14 10 

Type MF/ABC5 MF/ABC5 MF/ABC5 MF/ABC5 MF/ABC5 MF/ABC5 MF/ABC5 

Actual Type MFZ4 MFZ4 MFZ4 MFZ4 MFZ4 MFZ4 MFZ4 

Location Diagonal Diagonal Fig.5(b) Diagonal Diagonal Diagonal Diagonal 

Sum 4 2 6 2 2 2 2 

2.3.3 Analysis 

These results provide the extinguisher minimum configuration quantity of each floor. The actual configuration can be 
allocated according to the need and increasing budget, but not less than the above numerical. Research from the situation 
(Table 3) and the lowest allocation scheme (Table 5) contrast can be found in Yuejiang Tower. Improper selection, 
unreasonable layout, quantity configuration is not balanced and especifically manifested in: as fire code required, a ABC-
type fire extinguisher (ammonium phosphate fire extinguishers suitable for solid fire, fire of oils and gas fire), while actually 
only the configuration of B-type fire extinguishers (sodium bicarbonate powder fire extinguisher suitable for fighting oil, 
organic solvent, flammable gas fires); maximum protection radius method design fire extinguisher layout is required, while 
the actual set does not comply with the law and lead to blind areas; as Table 5 shows the design number of the fire 
extinguishers only accounts for the actual configuration of the number of 1/3 to meet the fire requirements, while the actual 
configuration is apparently redundant. Tianfei Palace, Jiangnan Examination Institute and Confucius temple have similar 
problems. The relevant departments in the formulation of repair and protection engineering should provide scientific and 
reasonable references and standards to carry out fire design. 

3. Fire Safety Management Measures of Nanjing Representative Historical Building 

As mentioned above, there has been a huge difference between the investigated historical building and modern fire 
concept in terms of its structure, decorated material, as well as the particularities of the overall layout. Besides, there also be 
a series of matters such as uncompleted legislation, imperfect facilities, backward fire regulations, low quality security 
personnel and lacking of pluralistic rectification method. Consequently, it is urgent and necessary to find out innovative 
measures to improve the management of Nanjing representative historical building. 
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3.1 Improve the fire protection system 

3.1.1 System of fire water supply 

When making fire protection planning, the terrain characteristic of historical building can be considered to build different 
types of fire pool and fire pump room. The facilities for supplying water should be built at the place where the fire engineers 
could reach. The Yuejiang Tower adjacent to the Yangtze River is rich in water sources. 

3.1.2 Fire detection alarm system  

The design can refer to "NFPA 914" [12] and "Code of Design on Building Fire Protection and Prevention" [11], 
meanwhile, the location, climatic environment, spatial structure and fire characteristic should also be taken into 
consideration. For Buddha palace and other large space buildings like the great hall of Confucian temple, infrared beam 
smoke detector and cable line-type fixed temperature detector can be applied to detect fire in smoldering or less smoldering. 
For the historical buildings with high cultural values, especially like Yuejiang Tower with precious paintings hanging, linear 
light fibre thermal detectors with high sensitivity can be set to realize early detection [13]. If the fund investment is allowed, 
the fire detection system based on wireless networks can also be considered. This fire monitoring system based on the 
intelligent wireless network is suitable for early detection and do not have to destroy the original appearance of historical 
building. 

3.1.3 Fire extinguisher system  

According to the "Code of Design on Building Fire Protection and Prevention" [11], instant fire suppression method is 
mainly depend on Manual Fire Extinguishers, while this method is backward. Both dry powder (with stored pressure) 
extinguisher and automatic water sprinkler system have secondary hazards to the relic and wooden structure of the historical 
buildings. Besides, the height of certain historical building is over the maximum 8-meter headroom that the closed system is 
allowed. For instance, some of the heights of floors in Yuejiang Tower have exceeded the code. Hence, the non-preseted 
pipe network water mist fire extinguishing facilities and the portable water-mist fire suppression system can be considered. 
The facility has many advantages such as excellent suppression performance, efficient water saving, quickly smoke 
eliminating, toxic gas absorbing, no requirements on the space closure, no need of installing pipelines and high price-quality 
ratio[14]. 

3.2 Establish special management system for fire safety  

Institutions for the protection of historical building should establish safety inspection system to ensure the daily check of 
position, weekly check of department, periodic inspection of units. Through the management system, the fire hazards can be 
discovered and eliminated in time, thus the safety of historical building can be ensured. Moreover, the institute can establish 
leading group of fire safety or committee and external fire defense organization. Meanwhile, the institute should nominate 
fire prevention supervisor and fire staff to organize the unit, enterprise and other primary organization to implement the 
system as has been noted. The institute also can use the instruments of propaganda like broadcast, record, poster and column 
and adopt various measures to publicize fire regulations and knowledge to the personnel and visitors. Besides, on-the-job 
training also can be considered, so as to enhance the fire consciousness of the mass.  

4 Conclusion 

Through the field investigation of Nanjing representative historical buildings in terms of geographic environment, major 
structure, fire load and fire protection layout, it can be seen that the investigated building Yuejiang Tower, Tianfei Palace, 
Jiangnan Examination Institute and Confucius Temple have a lot of problems like large amounts of combustibles, high fire 
loads, shortage of fire protection facilities, unreasonable selections etc. The detailed items are listed as follows: wood major 
component, internal Extensive distribution of combustible, partial high fire load, layout in groups, deficiency of fire 
separation distance, suppression difficulties caused by location site, lacking of firefighting pipe network, unreasonable fire 
detector and extinguisher selection, backward fire regulations etc.   

Yuejiang Tower is selected to conduct the extinguisher minimum configuration design by binding the requirements of 
"Code for Design of Extinguisher Distribution in Buildings GB50140-2005" and the investigated data. The calculated 
results demonstrate that Yuejiang Tower could select ammonium phosphate-ABC dry powder (with stored pressure) 
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extinguisher to replace MFZ4 Dry powder (with stored pressure) Extinguisher installed before. Since the area of 1F and 3F 
are larger than the others, the quantity of configuration sites could be set 2 and 3 respectively, and each site could set 2 fire 
extinguishers. The other floors all can be set 2 configuration site, and the minimum configuration quantity of extinguisher is 
1. Above all, the quantity of minimum configuration is 20 that only accounts for 33 percent of the actual amount. Following 
this can not only meet the need of fire protection but also save redundant costs to invest other fire equipments.  

Furthermore, special designs and system innovations also can be considered in terms of fire water-supply, fire detector, 
fire alarm, fire suppression systems and fire management. 

Acknowledgement 

The project was supported by the National Natural Science Foundation of China No. (50906039) and Jiangsu Planned 
Projects for Postdoctoral Research Funds (1001019B). 

Reference 

[1] SHEN Jun-yun . 2007, Analysis of situation and protection in ancient architectures [J]. Journal of Safety Science and Technology , 3(6): 134-137. 
[2] DAI Xiaoyin. 2013, Selection of the fire protection techniques and fire service installation [J]. Fire Technique and Products Information , (005): 13-15.  
[3] ZHANG Yan. 2008, Survey and Analysis of the Artistic Characteristics and Existing Condition of Ancient Architecture and Carving Decoration in 

Nanjing [J]. Hundred Schools in Arts, 3: 009. 
[4] Biao Z, Xiao-meng Z, Ming-yong C. 2012, Fire protection of historic buildings: A case study of Group-living Yard in Tianjin [J]. Journal of Cultural 

Heritage, 13(4): 389-396. 
[5] Ibrahim M N, Abdul-Hamid K, Ibrahim M S, et al. 2011, The Development of Fire Risk Assessment Method for Heritage Building [J]. Proccedia 

Engineering, 20: 317-324. 
[6] DU Feng, YOU Fei. 2009, Investigation into current fire protection status of Nanjing representative historical buildings and future measures [J]. Journal 

of Safety Science and Technology, 5(6): 89-94. 
[7] WANG Yan. 2005,Analysis of fire dangers in ancient buildings and measures against them [J].Journal of The Chinese People’s Armed Police Force 

Academy, 21(4): 28-32. 
[8] CHEN Yuan-ping, LI Zeng-hua. 2002. Fire control engineering [M]. China University of Mining and Technology Press. 
[9] XU He-xing. 2003, Design of “Yuejiang Tower” in Nanjing Lion Hill [J] .Traditional Chinese Architecture and Gardens, (04): 48-50. 
[10] 2005 G B. Code for Design of Extinguisher Distribution in Buildings [S][D]. 2005 
[11] 2006 G B. Code of Design on Building Fire Protection and Prevention [S][D]. 2006. 
[12] Code for fire protection of historical structures NFPA 914. National Fire Protection Association. Quincy. MA 02269. (2001). 
[13] XU Tong, ZHOU Mi. 2004, The application of modern fire protection technologies in historical building [J]. Fire Technique and Products Information, 

12: 22-24. 
[14] JING Rong, ZHANG Fu-dong, LI Si-cheng, et.al. 2008, The Study on Optional Allocation of Fire-extinguishing Installation in Potala Palace [J]. 

Journal of The Chinese People’s Armed Police Force Academy ,24(12): 20-24. 


