
 

 

 

 

 

  

RADIUS CASE STUDY IN ZIGONG, CHINA 

  

 

 

 

 

 

 

September 1999 

 

 

 

 

 

 

 

 

 

 

RADIUS (Zigong) Workgroup 



 1

 

Executive Summary 

The United Nations launched the RADIUS (Risk Assessment Tools for Diagnosis of Urban Areas 

against Seismic Disaster) project, aiming to promote world-wide activities for reduction of seismic 

disasters in urban areas, particularly in developing countries. Zigong (China) is one of the cities 

selected by the program for case study.  

Zigong city has experienced several past earthquakes (1954 with M 5.0, 1959 with M 5.0, 1965 with 

M 4.6 and 1985 with M 5.0). All these were near or beneath the city, and caused life and property loss.  

The frequent occurrence of earthquakes makes Zigong an ideal candidate for case study, and the 

effectiveness of the study is likely to be tested in the next earthquake very soon. The case study aims 

to improve the city's seismic safety using the unique RADIUS methodology.  More specifically, the 

project aims: (1) to enhance the understanding of seismic risk by decision makers and the public, (2) 

to transfer appropriate technologies to the city, (3) to improve the local infrastructure for a sustainable 

plan for earthquake disaster mitigation, and (4) to promote multidisciplinary collaboration among the 

local government as well as between government officers and scientists. 

The leading institute in the current study was Seismological Bureau of Zigong (SBZ), an 

administrative department of the local government for earthquake monitoring and disaster reduction, 

helped by Seismological Bureau of Sichuan Province and supervised by INCEDE/OYO, the 

international institute appointed by IDNDR.  All important organizations in the city participated in the 

study, while the mayor and vice mayor checked on the progress regularly.  The study also had the 

support from China Seismological Bureau.    

The case study was 18 month-long and divided into two phases: first, seismic risk assessment, and 

second, the formulations of risk management plan. The first phase included data collection, hazard 

assessment, damage estimation, and preparation of an earthquake scenario. One important aspect of 

this phase was the evaluation of the existing disaster preparedness and prevention systems of different 

organizations through a series of interviews.  The earthquake scenario exposed the vulnerability of the 

city in event of earthquake.  In the second phase (risk management plan), the involved organizations 

and the RADIUS team worked jointly to establish the action plan with reference to the scenario.  Both 

phases were climaxed with high profile workshops (Scenario Workshop and Action Plan Workshop).  

The case study has been very successful and has made big impact on the city's seismic risk reduction 

work. 
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1. INTRODUCTION TO THE CITY 

Zigong City is a municipality under the jurisdiction of Sichuan Province, the People's Republic of China.  It is 
situated in the southern downland of Sichuan Basin. The city consists of four districts and two counties with an 
area of 4,373 square kilometres and a population of 3,100,000. The climate in the urban area of the city is 
subtropical monsoon type. The average temperature is 17.80C. The average annual rainfall is 1,080 millimetres. 
Its scenery is beautiful and its climate comfortable. 

Zigong is an important industrial city in southern Sichuan Province. The key sectors are mechanical engineering, 
chemical engineering, and salt making. The city also produces building materials, textile, electronic products, 
foodstuffs, and other light industry products. The urban part of the city consists of Ziliujing District, Gongjing 
District, Da'an District, and Huidong New District, with an area of 27.5 km2 and population of 300,000, and is 
the centre of political, economical and cultural activities of the city (Fig.1-1a and Fig.1-1b). This is the main 
area of the current study.  

 

 

Fig.1-1a The urban area of Zigong City. 
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Fig.1-1b The central area of Zigong City. 

 

2. EARTHQUAKE DISASTER IN THE CITY 

2.1 Past earthquakes  

According to relevant records, several earthquakes with moderate or strong magnitude occurred in the past in 
Zigong (Fig.2-1). Four earthquakes of M4.6~5.0 have occurred right beneath the city in the past 50 years. Date 
and magnitude of the earthquakes are as follows: 

Date  Magnitude 

Oct. 24, 1954 5.0 

Nov.13, 1959 5.0 

Apr.11, 1965 4.6 

Mar.29, 1985 5.0 

These earthquakes, which are all of right-beneath-the-city type, occurred in the area of dense population and 
economically advanced urban area, posing serious threats to economic and social development, and to lives and 
properties of the people. Take the earthquake of M 5 of March 29, 1985 as an example, the earthquake 
destroyed more than 400 houses, damaged over 2,500,000 square metres of buildings and structures and caused 
a casualty of over 280 (2 persons killed) (Fig.2-2). The economic losses amount to RMB 106,000,000 yuan (1 
RMB yuan = 0.28 US$ in 1985). 
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Fig.2-1 Intensity distribution in some of the past earthquakes in Zigong. The intensity is Chinese intensity, 
similar to MMI. 

 

 

Fig.2-2a A collapsed house in the 1985 earthquake.  
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Fig.2-2b A collapsed wall in the 1985 earthquake  

 

Fig.2-2c A building tilted caused by the 1985 earthquake. It later collapsed.  

 

 

2.2 Growth of the city 

Like many other Chinese cities, Zigong has been growing very fast.  Fig.2-3a and Fig.2-3b show the growth of 
population and the growth of Gross Domestic Production (GDP) respectively.  The loss due to previous 
earthquakes is also indicated in the figures.  The population has stabilized thanks to the population control 
measures.  The economy as indicated by GDP is growing exponentially.  As industry, commerce, and people's 
life style get more and more sophisticated, the impact of earthquake also grows greatly. 
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Fig.2-3a The growth of population in Zigong City. Current population is about 3 million.  

 

Fig.2-3b The growth of gross domestic production in Zigong City. It has risen from less than 2 billion RMB of 
1985 to 12 billion RMB in 1998. Potential economic loss is much higher now. 
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2.3 Existing Effort for Earthquake Risk Reduction in the City 

There exists a command chain for emergency response in the event of damaging earthquake in the city. The 
mayor is the Chief, and the vice mayor in charge and the vice commander of Zigong garrison are Deputy Chiefs. 
A special office formed by the heads of seismological bureau, civil affairs, anti-seismic construction, and other 
key departments deals with the routine work.  

The Seismological Bureau of Zigong City (SBZC) is responsible for the earthquake related work in the city on 
day to day basis. SBZC is a managerial organ under Zigong government for earthquake monitoring and disaster 
reduction in the entire city. The bureau has more than 20 engineers and senior engineers. It is the leading 
institute for the case study, with help from the Seismological Bureau of Sichuan Province. 

  

3. PREPARATION OF THE CASE STUDY 

3.1 Target 

The case study aims: 

1. To enhance the understanding of seismic risk by decision makers and the public  

2. To transfer appropriate technologies to the cities  

3. To improve the local infrastructure for a sustainable plan for earthquake disaster mitigation 

4. To promote multidisciplinary collaboration among the local government as well as between 
government officers and scientists 

The direct objectives of the case studies are: 

1. To develop a seismic damage scenario which describe the consequence of a possible earthquake. The 
emphasis will be on the disruption of city functions and activities and secondary disasters, since a catastrophic 
earthquake is unlikely in Zigong. The physical damage to buildings and infrastructure and human losses in the 
city are estimated as well as the affects to the urban functions and activities. The earthquake damage scenario 
will describe the various stages of the city's damage during and after a probable earthquake. Human loss will be 
estimated, based on the damage of buildings and infrastructure, the efficiency of relief activities, and outbreaks 
of fires. The results will be shown in visual forms by computerization, using Geographical Information System 
(GIS).  

2. To prepare a risk management plan based on the scenario. The emphasis will be on minimizing the disruption 
of city functions and activities, and on fast recovery.  

3. To propose an "Action Plan", following the risk management plan. It will prioritize the necessary actions so 
that they can be implemented soon after the project. There is a high probability of a right-beneath-city type of 
damaging earthquake in Zigong in the next 10 years. The scenario and action plan will be disseminated to 
relevant organizations and the public.  

  

3.2 Schedule 

 The time table is shown in Table 1. 
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3.3 Workforce 

As required by the RADIUS project, three committees were set up. These are 

Local Steering Committee 

  Name Affiliation Position 

Co-chairmen Xu Rongxuan Municipality Vice Mayor of Zigong 

Co-chairmen Fumio Kaneko OYO CORPORATION General Manager, GIS 
Division. 

Members Yang Dazhong Municipality Deputy Secretary-
General  

  Han Weibin Seismological Bureau, Sichuan 
Province 

Deputy Head 

  Zhang Shaoxin Zigong Garrison Deputy Commander 

  Zhou Jianying Bureau of Finance, Zigong Deputy Head 

  Bai Shili Commission of Construction, Zigong Assistant Director 

  Li Jinyu Armed Police, Zigong Brigade Brigade Leader 

  Zhou Desheng Zigong Seismological Bureau Head 

Local Advisory Committee 

  Name Affiliation Position 
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Chairmen Yang Dazhong Municipality Deputy Secretary-
General 

Members He Yongnian China Seismological Bureau Deputy Head 

  Bai Shili Commission of Construction, Zigong Assistant Director 

  Jing Jianzhou Police Head 

  Zeng Guangqing Education Commission, Zigong Deputy Director 

  Yu Yichuan Commission of Transportation, Zigong Deputy Director 

  Han Jianxong Power Supply, Zigong Chief Engineer 

  Zhang Lixian Bureau of TV and Radio Broadcast, 
Zigong 

Head 

  Hou Zhijun Propery Insurance, Zigong Deputy Manager 

  Xiao Weiwu Bureau of Public Health Deputy Head 

  Wang Wanjun Life Insurance, Zigong Deputy Manager 

  Ni Guoxiang Natural Gas, Zigong General Manager 

  Liu Mingquan Water Supply, Zigong Deputy Manager 

  Li Wenjun Post Office, Zigong Deputy Head 

  Yi Yong Fire Brigade Brigade Leader 

  Wu Jinfeng Zigong Railway Station Deputy Manager 

  Huang Fangcheng Zigong Hong Chemical  Deputy Manager 

  Peng Yong Eastern Furnace Factory Director 

  Tang Jianhe Zigong Normal Institute Vice Principal 

Workgroup 

Name Affiliation and Position Duty during the study 

Sun Jichun OYO International (Singapore), Engineering Manager Representing IDNDR  

Pei Xiyu Seis. Bureau, Sichuan Province, Deputy Director of 
Disaster Reduction Department 

Project Coordinator 

Li Yirui Seis. Bureau, Sichuan Province, Deputy Director of 
Computer Institute 

Damage assessment using GIS  

Lei Jiancheng Seis. Bureau, Sichuan Province, Assoc. Res. 
Professor in Earthquake Engineering 

Hazard assessment and 
microzonation 

He Yulin Seis. Bureau, Sichuan Province, Assoc. Res. 
Professor in Earthquake Engineering 

Damage assessment.  Final 
report compiling 

Li Shiben Zigong Seis. Bureau, Deputy Head Public Relations  

Li Guangjun Zigong Seis. Bureau, Deputy Head Contact person in Zigong 
RADIUS Office; Risk 
management plan 
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Tang Jianping Zigong Seis. Bureau, section Head Data collection, public relation 

Peng Qianli Zigong Seis. Bureau, Engineer Risk management plan 

Huang Zhaohua <Zigong Daily> Senior Reporter Reporter 

Wu Jitai   Interpreter 
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4. SEISMIC HAZARD AND RISK ASSESSMENT 

4.1 Data Collection and Preparation 

Data collection has been time-consuming but without difficulty.  The Mayor's office instructed all the relevant 
government bodies and the state-owned companies to collaborate with the RADIUS workgroup, and that was 
very effective.  Data collection was completed within 3 months from the start of the project.  Data collected 
include building inventories, lifeline data, and social-economic data. 

4.2 Interviews with Relevant Organizations 

Interviews with relevant organizations were carried out. Current situation of each organizations such as facilities 
and their management plan for disasters was discussed. During the interview, weak points were identified, and 
the dependency on other systems were clarified. Also through the interview, the damage index for Sichuan 
Province was calibrated and modified by comparing with the damage and response during the 1985 earthquake 
in Zigong.  

Following organizations were interviewed:   

Zigong Garrison Bureau of Public Health, Zigong 

Bureau of Finance, Zigong Life Insurance, Zigong 

Commission of Construction, Zigong ,atural Gas, Zigong 

Armed Police, Zigong Brigade Water Supply, Zigong 

Police of Zigong Post Office, Zigong 

Education Commission, Zigong Fire Brigade, Zigong 

Commission of Transport, Zigong Zigong Railway Station 

Power Supply, Zigong Zigong Honghe Chemical Plant 

Bureau of TV and Radio Broadcast, Zigong Eastern Furnace Factory, Zigong 

Property Insurance, Zigong Zigong ,ormal Institute 

Bureau of Civil Relief  

  

Fig.4-1a and Fig.4-1b show interview going on. Fig.4-2 shows an example of feedback from Commission of 
Transport, Zigong, with synopsis in English.  

  

Fig.4-1a Interview at Commission of Construction, Zigong. 
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Fig.4-1b Interview at Armed Police, Zigong Brigade. 
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Fig.4-2 An example of feedback form. This is from the Commission of Transport, Zigong. 
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4.3 Hazard Assessment 

Geological Background 

Zigong city is located in a relative stable block. The main regional active faults that could have direct 
influence on Zigong are Rongjing-Mabian-Yanjin faults and Huayingshan faults.  The former is responsible for 
all the huge earthquakes above magnitude 6 including the only 2 events of magnitude 7 (7.0 in 1216 and 7.1in 
1974) within 150 Km from Zigong while the latter is the biggest basement faults in Sichuan basin. 

 Locally, Zigong city is situated on the Ziliujing Anticline. There are some faults through the downtown 
area. In the vicinity of faults, there have been several moderate earthquakes.  These fault are all distributed on or 
nearby the axis of the anticline. This kind of faults are capable of producing damaging earthquakes in spite of 
their short length (less than 50 Km). The phenomena can be found in the other eastern part of Sichuan basin. 

Based on the geology, seismicity, and geophysical study, 18 potential seismic source areas with different 
upper threshold magnitude are divided out around Zigong. Among them, the Zigong (Mu=6.0), Yibin (Mu=6.0) 
and Yongshan (M=7.5) potential seismic source areas give the most significant seismic hazard contributions to 
Zigong city. Based on the historical earthquake catalogue, all the seismicity parameters like b value, earthquake 
annual occurrence rate and the seismic spatial distribution function are calculated out. 

Selection of Scenario Earthquake  

For this study, the scenario earthquake approach rather than the probabilistic approach is used.  The scenario 
earthquake approach is easier to understand and more natural to investigate.  In this approach a particular 
earthquake with specific magnitude, epicenter and time is assumed and its consequences investigated. 

Based on past seismic history and study of local geology, the maximum credible earthquake magnitude is 5.5, 
while earthquake of magnitude 6.0 cannot be ruled out.  Therefore two scenario earthquakes just beneath the 
city were considered. One is the likely one (M 5.5), and the other is the worst case (M 6.0).   

The Attenuation Formula 

Because of the lack of strong motion data in the region, intensity attenuation rather than Peak Ground 
Acceleration is used.  This is not only easier to use, but also more reliable than those PGA or spectrum 
attenuation equations derived indirectly. 

Equation used was derived on the basis of 77 intensity isoseismals of 31 earthquakes since 1930 with their 
magnitudes determined by instrument. The intensity distributions of all the events show a pattern of ellipse and 
their directions of long axis are the same as those of causative faults.  The intensity attenuation relation along 
long and short axis respectively: 

IL=5.6909+1.4096M -2.2234Ln(R+12) 

IS=3.3220+1.2840M -1.5771Ln(R+5) 

  

The Intensity Distribution in Scenario Earthquake 

Scenario earthquake intensity maps for both earthquakes have been generated.  For magnitude 5.5 earthquake, 
intensity is 7 over most of the city area. For magnitude 6.0 earthquake, intensity is 8 over the central part of the 
city area.  

Fig.4-3a and Fig.4-3b show the anticipated intensity distribution in the two scenario earthquakes. The target area 
is at the center.  Result is also summarized in the table below. 

Intensity Distribution of Scenario Earthquakes (Km) 
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 Intensity 8 Intensity 7 Intensity 6 Intensity 5 

M = 5.5 Long axis (km) 0 6.1 16.4 32.6 

Short axis (km) 0 3.5 11.1 25.4 

M = 6.0 Long axis (km) 3.9 12.9 27.1 49.2 

Short axis (km) 1.8 7.8 19.2 40.6 

 

 

Fig.4-3a Intensity map in event of M = 5.5 earthquake. 



 18

 

Fig.4-3b Intensity map in event of M = 6.0 earthquake. 

 

 

4.4 Damage to Building 

Building Types and Inventory in Zigong 

Buildings in Zigong city can be classified into five categories according to their lateral load resisting system: 

1. Brick-Concrete (B.C): this formed about 38% of all buildings in Zigong.  Most of them were built after 
1980. They include residential buildings, schools, stores, hospitals with 4-7 stories. The load bearing 
wall is usually made of born clay brick.  Depending on construction, design, material, and age, their 
performance in earth are believed to be very different. 

2. Reinforced Concrete (R.C): this kind of building is less than 10 % of all buildings in Zigong.  Their 
number has been increasing with the rapid urban development since 1990. These multi-stories building 
are usually government buildings, hotels. banks, major hospitals, communication center and 
supermarkets. These buildings were designed according to the "Aseismic Building Design Code 
(GBJ11-89)".  Their seismic resistance are much better than other kinds of building. 

3. Adobe: Most of them are old buildings without professional design, mainly built by the owners 
themselves.  These one-story buildings are made of adobe, stone, and bamboo. Their earthquake 
resistance capacity are rather low.  The fire hazard potential is also serious in these buildings. They 
consist almost half of all buildings in the Zigong.  It is fortunate that the number of these buildings is 
decreasing as the city undergoes rapid development and reconstruction. 

4. Large span structure: These buildings include some cinema, warehouses, gymnasiums and halls. 
Although the proportion of this kind of buildings is very small, it is the place where a large number of 
people gather during certain period.    
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5. Workshops (one-story): These buildings are mainly distributed in the industrial areas in Zigong, 
usually with R.C columns.  There are usually expensive machinery and equipment in them.  The 
building condition is directly related to the industrial production in the city and economic losses caused 
by earthquakes.  

Below is an inventory of buildings in the central city area (27.5 km2). Population in this area is about 340,000. 

Structure B.C. (brick-
concrete) 

Workshop (low rise) Large Span R.C. Adobe 

Area (m2) 4,813,200 667,800 100,800 1,033,200 5,985,000 

Percentage 38.2 5.3 0.8 8.2 47.5 

Their distribution is shown in Fig.4-4. 

 

 

 

 

Fig.4-4 Distribution of building in Zigong. 
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Damage Definition 

Damage definition is shown as below. 

Damage  Definition 

Slight Load bearing structure intact. Minor damage to non-load bearing components. Can 
continue service without retrofitting. 

Light Visible cracks in some load bearing structural components. Clear cracks in non-load 
bearing components. Can continue service with little or no retrofitting. 

Moderate Fine cracks in most load bearing structural components, and conspicuous cracks in some of 
them. Some non-load bearing components seriously damaged. Requires normal retrofitting. 

Heavy Most load bearing components suffered damage, some even partially collapsed. Requires 
major retrofitting. Some may be difficult to retrofit. 

Destructive Most load bearing components seriously damaged. Structure is about to collapse or already 
collapsed. No possibility of retrofitting. 

  

Vulnerability Matrix 

Damage Matrix used in the damage assessment is as below. The number is the percentage of buildings that will 
suffer certain condition of damage under certain intensity. 

Intensity Destructive Heavy Moderate Light Slight 

Reinforced Concrete Building 

VI 0.00 0.00 0.00 0.00 100.00 

VII 0.00 0.00 0.00 10.00 90.00 

VIII 0.00 0.00 3.32 20.26 76.42 

Brick-Concrete Building 

VI 1.21 4.74 11.26 30.06 52.73 

VII 7.11 12.97 17.62 24.03 38.27 

VIII 15.44 20.62 20.97 19.34 23.62 

Low-rise Workshop with R.C. Column 

VI 0.00 0.00 0.07 8.44 91.49 

VII 0.00 0.00 1.25 25.40 73.35 

VIII 0.00 0.35 11.52 38.23 49.90 

Large-span Structure 

VI 0.00 1.00 6.00 23.00 70.00 

VII 2.00 9.00 15.00 22.00 52.00 

VIII 6.00 19.00 22.00 21.00 32.00 

Adobe House 

VI 0.00 1.00 10.00 28.00 61.00 

VII 6.00 11.00 13.00 46.00 24.00 

VIII 15.00 20.00 49.00 16.00 0.00 
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Result of Damage Assessment 

Making use of damage matrix for buildings in Zigong and intensity distribution of scenario earthquakes, we can 
estimate the damage caused by scenario earthquakes. The results are: 

1. Results from M5.5 earthquake: All investigated area is under intensity 7 or lower.  Fig.4-5a shows the 
possible condition of buildings of Zigong if this earthquake occurs. The result indicates that the overall 
seismic resistance of buildings in Zigong is not satisfactory. A large scale of building would show 
light-moderate damage states (the damage ratio is 21-50%), while the buildings located at industrial 
area at western part of city would show good capability of seismic resistance. 

2. Results from M6.0 earthquake: The downtown area will have intensity 8. The magnitude of building 
damage will be much severer than the former (Fig.4-5b). The building damage ratio of western and 
northern part of the city may reach 50 % and more. That of industrial area at western part of the city 
may be more than 10%.  

 

Fig.4-5a Building damage in event of M = 5.5 earthquake. 
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Fig.4-5b Building damage in event of M = 6.0 earthquake. 

 

 

4.5 Damage to Lifelines 

Lifelines considered in this study include transportation, communication, power, water supply and gas 
supply systems.  

Transport System  

Railways, highways and new expressway connect Zigong with other cities.  Currently there are four major 
passageways in the city.  It is estimated that there are 87 roads with total length of 109 Km, and 1.3 square 
kilometer open space.  There are some problems in transport system such as narrow streets, long winding roads 
and steep slope.  In event of damaging earthquake, some segments of streets may be blocked by the debris of 
collapsed buildings. 

Furthermore, the condition of six bridges across Fuxi river is crucial for the city's transportation network, 
and is studied in detail. 

(1) Description of Bridges 

There are currently six bridges across Fuxi river.  Of which, Dongxingsi bridge is a new bridge with R.C 
structure, with foundation on bedrock.  Its capability of seismic resistance is very good based on experience.  
Therefore, even if M6.0 earthquake occurs, this bridge will function well.  The Zigong railway bridge (steel 
structure) and Dongxingsi suspension bridge (steel cable) will also have no problem.  We concentrate on the 
other three bridges: Cross Bridge, Xing Bridge and Jiefang Bridge (Fig.4-6) in the analysis. 
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Fig.4-6b Jiefang Bridge across Fuxi River. 

 

 

(2) Method of Bridge Damage Assessment 

The method of assessment is the one routinely used in China.  The definition of the damage state for bridge 
is similar to that of building.  State "slight" means vehicle can pass normally after little retrofitting or no 
retrofitting; State "light" means vehicle can pass at slow speed after some retrofitting; State "moderate" means 
vehicle can pass after normal retrofitting; State "heavy" means vehicle can pass after major retrofitting and State 
"destroyed" means reconstructing a new one. 

(3) Results of Bridge Damage Assessment 

The following table shows the some parameters and predicted damage of the three bridges  

Name Type Length (m) Load (ton) Damage   
(M = 5.5) 

Damage     
(M = 6.0) 

Xin Bridge Stone Arch 103 Vehicle-15 Slight Light 

Jiefang Bridge R.C. Beam 75 Vehicle-15 Slight Slight 

Cross Bridge Stone Arch 112 Vehicle-13 Slight Light 

  

From the results above, and from other studies, we find that the transportation system will not be damaged 
by the M5.5 earthquake. After the earthquake, the transportation in the city is close to normal condition. Only 
several segments of narrow streets may be blocked by the debris of collapsed adobe houses, such as Dengdanba 
and Fivestar Street in the downtown area.  However, traffic jam may be resulted from other reasons, such as 
chaos and confusion due to the earthquake. 

 
If M6.0 earthquake occurs, there will be two kinds of problems affecting the transportation of the city: 

a. Road Blocked by destroyed buildings. From the results of building damage assessment, the damage ratio 
of adobe and B.C, the majority of whole building in Zigong, will reach 50 %. Therefore a large proportion of 
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these buildings may collapse and block the roads.  The most likely blocked roads are Guojiaao, Fivestar Street, 
Xin Street, Dengganba Street, Dongxing Street in the Ziliujing District and Longjing Street, and Liangdaoshan, 
where a large number of adobe, wooden and self-built houses are distributed. 

b. Xin Bridge and Cross Bridge across Fuxi River will be in the state of “light damage”.  This may affect 
the main transportation in the city.  The eastern passageway-Dongxingsi and southern passageway-Jiefang 
bridge will take the major traffic flow while the northern passageway-Da'an and western passageway will be cut 
off by the debris of destroyed buildings and lightly damaged bridge. 

Power Supply 

(1) Description 

There are three major power plants that supply electricity to Zigong.  These are Baima, Douba and Gongzui 
power plants.  There are 15 substations in Zigong, with total capacity of 64,750 kw. Xiangjialing substation is 
the hub of Zigong power network.  The floor area of the buildings serving the power supply system in Zigong is 
about 143,300 square meter, of which 45,000 square meters were designed following the aseismic design code 
and 35,900 square meter had been already retrofitted.  

(2) Damage analysis 

Thanks to the retrofitting measures to the major power facility in Zigong, as well as some earthquake 
response plans, based on the past seismic damage experience, the power system will function normally if M5.5 
earthquake occurs.  If M6.0 earthquake occurs, some damage will occur, such as switch jumping off and 
porcelain tube being damaged.  However the area of power cut will be limited, only for some parts of the city. 
Some critical facilities such as municipality building, communication center, water supply and hospitals will 
have no power problem, because they have two-way power supply system. 

 It should be mentioned that the seismic resistance of workshops for power supply system are not high 
based on the results of building damage assessment in the previous section.  In particular, the buildings of 
Yanzishan and Lianhuasi substations may suffer heavy damage if M6.0 earthquake occurs.   

Natural Gas System  

(1) Description  

Nature gas used to be a side product of salt production in Zigong.  But it has become more important.  It is 
used for industrial production and cooking, and also as fuel for vehicles.  The gas source is from Ziliujing, 
Xinglongchang, Kongtan, Dongguan, Gongnongchang and Yangjiashan of Chuannan mining region. The 
capacity of gas supply is about 400,000 m3/day, which is provided to 100,000 families and 65 companies or 
factories.  There are 18 substation for gas transmission and refilling, including 8 spherical tank substations.  The 
total length of gas pipe is 45 Km (almost seamless steel material) and the diameter of pipe is 159 mm or more 
with welding connections. 

(2) Damage analysis 

The gas system was almost intact during M5.0 earthquake in 1985, except for a little displacement of pipes 
at Tudipo due to slope failure, which did not cut off gas supply. 

The gas system damage by potential earthquakes may come from the damage of buildings or pipeline 
network.  The buildings were built in 70’-80’ s, with poor capability of seismic resistance.  The material of pipe 
is seamless steel with welding joints, buried 80 cm below ground. Based on the seismic damage experience in 
the past, these pipes will be intact during the potential earthquakes.  But there are some problems to be 
considered in the near future: 

a. The segment from Shuping to Guojiaao with the length of 500m is located at Tudipo, a landslide area.  
The pipe maybe deformed in M6.0 event. 

b. The measures of anti-corrosion and quality of welding joint is directly related to earthquake damage of 
gas pipe. The capability of seismic resistance of old gas system has gradually decreased with time due to 
corrosion. 
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c. Arrangement of gas pipe network is not reasonable, intersecting each other. Some sections of pipe may be 
cracked or broken by the heavy load above, such as buildings and other structures. These artificial factors could 
aggravate the earthquake damage. 

d. Referring to the results of building damage assessment in the previous section, the buildings (except for 
Liangganshan, Tanmulin substations) of the gas system will be damaged by M6.0 earthquake. 

Water Supply System 

(1) Description  

The source of water supply in Zigong is from Hulukou reservoir, Weiyuan river and Xushui river. There 
are three water-treatment factories, i.e., Lieshiyan, Maliuwan and Gongzui factories, with the capacity of 
230,000 T/Day. 

The total length of water supply pipe is 247 Km, 144 Km of which has diameter of 250 mm. Most of them 
are made of cast iron pipe with rigid joints in cement.  There are very few soft joints by rubber and welding steel.  
The water supply network is ring-shaped in order to be more reliable.  

(2) Damage assessment 

The failure of the system can be caused by damage to the buildings and damage to the water pipes.  Most of 
the structures in the system such as water distribution stations and water pump houses were built in 70’s, with 
poor capability of seismic resistance.  Based on the results from building damage assessment in the previous 
section, the buildings will not be seriously damaged if M5.5earthquake occurs while many buildings will be 
damaged moderately or more in the M6.0 earthquake.  This will disrupt normal water supply in some blocks. 

As for the water pipes, we considered the condition of whole water network under the ground motion with 
intensity 8.  It was found that almost half segments of water pipe will be in the state of moderate damage, 
especially at the western and central part in the city.  

Communication System 

(1) Description 

Up to now, there are about 150,000 telephones, 30,000 mobile-telephones, 70,000 pagers and 1500 
communication channels. There are some critical communication facility in Zigong, such as Long-Distance 
Telephone Center, Mobile Communication Center, and Microwave Communication Station.  

(2) Damage analysis 

The capability of seismic resistance of building in communication system is better than that of other systems 
in Zigong.  Most of them were retrofitted according to regular code.  Therefore the buildings will be well even if 
M6.0 earthquake occurs, based on the results of building damage assessment. 

However, the content of the building may not be safe.  There are some problems in the protection of the 
equipment.  The main problem is that many equipment are not fixed properly, and will fall or dislocate in 
earthquake.  The equipment damage may cause the breakdown of communication system.  The problem should 
be resolved quickly. 

4.6 Secondary Disaster 

Fire 

(1) There are a large number of old adobe buildings in the downtown area, even along some main streets, such 
as Guojiaao, Fivestar, Xin street and Dongxingsi in Ziliujing district, and Longjing street and Lianggaoshan in 
Da'an district.  Some of them are old wooden house with heavy roof.  Their capabilities of resisting earthquake 
are very poor.  Furthermore, there a lot of inflammable materials in these houses, such as natural gas, furniture 
and garment.  A fire can proliferate rapidly in this area, and it will be very difficult to stop. 
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(2) The major fuels for families and factories are natural gas in this city. If some buildings or gas facility are 
damaged and some gas leaks or erupts, a little spark can start fire or even explosion. 

    (3) There are many gas stations distributed throughout the area.  Xuping gas station, the biggest one in Zigong 
is very near the Zigong Railroad Station and food warehouse. If the tanks are damaged in earthquake, a huge fire 
will follow.  

Hazardous Material  

Some of big chemical factories such as Zhangjiana salt production chemical factory and Honghe 
chemical factory are the potential sources of corrosive and poisonous material (Chlorine and Liquid Ammonia). 
Under the strong ground motion caused by potential earthquake, some containers and conveying pipe may be 
broken, and poisonous and corrosive material may leak.   

4.7 Economic Losses and Casualty 

From the results of earthquake damage assessment and social data (the sizes of buildings and lifelines and 
population density), we estimated economic losses and casualty caused by the two scenario earthquakes, using 
empirical formula widely used in China.  The estimate results are shown below: 

 

 M = 5.5 M = 6.0 

Death 10 -50 50 - 100 

Injured 110 -130 900 - 1200 

Homeless 27,600 88,000 

Economic loss 68 million US$ 109 million US$ 

 

4.8 Synthetic Scenario  

This is a layman's version of scenarios in Zigong in the event of a damaging earthquake.  It considers the 
systems' dependence on each other, and emphasizes the impact of earthquake on the various functions of the city.  
It has been validated through interview with relevant organizations, and provides a spring board for the action 
plan workshop.  

The magnitude of the earthquake is 6.0, at the Huidong New District of the city. The time is 5:00 pm, on a 
Thursday in Autumn.   The scenario is attached as Appendix A to the report because it is rather long. 

4.9 Scenario Workshop 

As planned under the RADIUS project, an earthquake scenario workshop was held in Zigong, Sichuan Province, 
China, on 14th and 15th of October 1998 (Fig.4-7a). The meeting was chaired by Mr. Xu Rong Xuan, Vice 
Mayor of Zigong, and Mr. Yang Da Zhong, Deputy Secretary-General of the municipality. The technical 
facilitator of the workshop was Mr. Han Wei Bin, Deputy Director of the Seismological Bureau of Sichuan 
Province, who is the responsible scientist in the bureau for the current project. An international delegation lead 
by Mr. Kenji Okazaki, Senior Expert of IDNDR Secretariat, participated in the workshop. Members of the 
delegation were Dr. Tsugawa (Japan), Prof. Arya (India), Dr. Rynn (Australia), Prof. Sudo (Japan), Mr. Segawa 
(Japan), and Dr. Sun (Singapore). The Workshop was attended by more than 60 participants from a diversity of 
organizations involved in earthquake disaster reduction management. Fig.4-7b is a group photo of the 
participants. 
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Fig.4-7a Main meeting hall of the scenario workshop. This is the opening ceremony. 

 

Fig.4-7b Participants of the Earthquake Scenario Workshop. 

 

At the opening ceremony, Mr. Okazaki gave a general introduction to the origin of RADIUS project and its 
relevance to Zigong, on behalf of the IDNDR Secretariat. Mr. He Yong Nian (deputy Director of China 
Seismological Bureau) and Mr. Gong Zhao He addressed the meeting on the significance of RADIUS (Zigong) 
project, and earthquake disaster reduction effort in China, and in Sichuan Province. 

The objective of the workshop was to raise the awareness of the public of seismic risk, predict the earthquake 
scenario, plan for emergency actions to minimize damage and loss, and in the process identify the weakness in 
emergency response. The workshop laid the foundation for further studies. Prior to the workshop, the 
workgroup interviewed all relevant organizations, and made preparation for the workshop. 

Before the discussion, Dr. Tsugawa, Prof. Arya, and Dr. Rynn presented earthquake experience in Japan, India, 
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and Australia and Fiji, and their experience in earthquake preparedness and emergency response. Members of 
the work group presented the technical progress of the project: Mr. Lei Jian Cheng on earthquake hazard 
assessment, microzonation, and scenario earthquake; Mr. He Yu Lin on vulnerability study and damage 
assessment; and Mr. Li Yi Rui on GIS application in the project. Mr. Han Wei Bin then gave a brief instruction 
on the objectives of the discussions. 

Representatives from 26 organizations of Zigong attended the workshop. They were divided into three 
discussion groups based on their responsibility and social function. 

Group One included the Mayor’s office, Bureau of Public Security and its fire brigade, Armed Police, Office of 
Civil Defense, Bureau of Health, et al. 

Group Two included representatives from Telecom, Water Supply, Power Supply, Natural Gas, and 
Transportation system et al. 

Group Three included Commission of Construction, Housing Board, Bureau of Food, and Hong He Chemical 
Plant, et al. 

Based on the experience of past earthquakes in Zigong and other places, the participants discussed the possible 
damage by the scenario earthquake and the consequence to society, and their emergency response plan. They 
emphasized the importance of an emergency response plan and centralized coordination of activities. They also 
noted their dependence on transportation, communication, electricity, and water supply. In particular, Group 
One participants envisaged chaos, and secondary disasters due to earthquake damages, and discussed difficulties 
in fire-fighting, and evacuation and rescue of personnel. Group Two outlined their emergency plan. Group 
Three emphasized the importance of anti-seismic design and retrofitting of structures. 

The international advisors and experts and the work group members participated in the group discussion. They 
raised provoking questions to lead the discussion to higher level. At the end of group discussion, a summary is 
given by each group leader in the general session. Some experts gave some comments to the discussion results. 

The workshop ended officially at 12:00 noon on 15 October 1998. In the afternoon, the steering committee, 
working group and international delegation reviewed the workshop and the project progress (Fig.4-7c). Mr. 
Okazaki and members of the International Advisory Committee expressed satisfaction on the organization of the 
workshop, and the support from the government of all levels. 

The workshop was well covered by the local newspaper and television. Fig.4-7d shows Mr. Okazaki being 
interviewed by enthusiastic reporters from Zigong TV.  

 

Fig.4-7c Post workshop review by the Local Steering Committee, Workgroup, and International delegation. 
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Fig.4-7d Local media covered the workshop extensively. This shows eager correspondents from Zigong TV 
interviewing Mr. Okazaki. 
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5 RISK MANAGEMENT PLAN 

5.1 Procedure of Deriving Risk Management Plan 

(1) The earthquake scenario was studied and validated by the involved institutions (government departments, 
agencies, major companies, etc.) through Scenario Workshop and interview. 

(2) By order of the mayor, each institution identified the weakness of the city's existing earthquake risk 
management measures, as exposed by the earthquake scenario.  They then proposed measures to resolve or 
alleviate the problems, particularly those associated with their own institution, with the help of the 
Workgroup. 

(3) The Workgroup verified the proposals and compiled a general risk management plan for the city. 

(4) The plan was discussed in the Action Plan Workshop and finalized by the three committees.  The plan has 
three parts: Review of existing efforts; Risk Management Plan generated by RADIUS; and Immediate 
Actions. 

 

5.2 Action Plan Workshop 

The Action Plan Workshop was held at the Shawan Hotel in the city of Zigong, on 21 May 1999. (Fig.5-1) 
Based on the the scenario earthquakes and consequent damages presented by Seismological Bureaus of Sichuan 
province and of Zigon city, all the municipality departments, industrial sectors and public institutions 
substantially discussed and decided their policies.   

 

Fig.5-1 Participants of the Earthquake Risk Management Plan Workshop. 
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The workshop was conducted under the friendly atmosphere in an enthusiastic manner.  In the morning 
session chaired by Mr. Yang from the municipality, Mr. Xu, Vice mayor, made the opening and welcome 
address.  Mr. Kaneko made an address on behalf of United Nations focusing on the importance of the whole 
activities of those who are concerned with seismic disaster and expecting the fruitful products not only from 
Zigong but also from all the RADIUS cities.  Prof. He from CSB, on behalf of the Chinese Government, also 
addressed the ceremony.  After these addresses, Dr. Carlos gave the key note lecture covering almost all the 
aspects of seismic risk, mitigation methodology, awareness, preparedness and emergency response all of which 
were supplemented with visual examples in Latin America and Katmandu Valley in Nepal. Columbia 
Earthquake occurred on January 25 in 1999 was also referred.  

Then, under the proper facilitation of Prof. Han, the reports on the Scenario Earthquake and on the Draft 
Action Plans were presented by Mr. Li Yirui of SSB and Mr. Li Guangjun of the ZSB.  These reports had been 
distributed in advance in the form of brief handouts to all the attendants.  All the representatives from relating 
municipality departments, institutions and industries express their opinions and supplementary comments. 

Total thirteen (13) institutional plans and implementations were reported after each brief introduction by the 
facilitator, Prof. Han, which were followed by relevant discussions.  They were as follows in the order of 
appearance: 

1. Power Supply  
2. Zigong Construction Committee 
3. Public Health Bureau 
4. Zigong Garrison 
5. Fire Brigade 
6. Zigong Education Committee 
7. Zigong Telecom 
8. Natural Gas  
9. Water Supply  
10. Honghe Chemical Plant 
11. Police 
12. Petroleum Company 
13. Seismological Bureau of Zigong City 

Each group considered all relevant details for the Draft Action Plan.  

Following the group presentation, the international participants gave their comments on some important 
matters not profoundly discussed in this workshop. These are: Importance of information exchange throughout 
all the levels; Preparedness oriented action plans rather than emergency oriented ones; Individual based 
preparedness; and so forth.  The comments were easily recognized and sincerely welcome by all the participants.  

5.3 The Risk Management Action Plan 

The plan has three parts:  

1.   Review of existing efforts 

 The existing earthquake disaster mitigation effort is reviewed. 

2.   Risk Management Plan generated by RADIUS 

 These are measures to reduce the city's risk of earthquake disaster. 

3. Immediate Actions. 

These are actions to be taken immediately.  The institution/person in charge, the source of funding, and 
the implementation deadline are all included.   

The Risk Management Action Plan is presented as Appendix B. 
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6 RELATED ACTIVITIES IN THE CITY 

6.1 Publicity 

The RADIUS Initiative in Zigong recognizes the importance of the public media.  The Workgroup actually 
includes the top reporter of "Zigong Daily", Mr. Huang Zaohua.    The workgroup also work closely with TV 
and radio stations.  The project was extensively covered by the local and national newspaper, TV and radio.  
Fig.6-1 shows some samples of newspaper articles on RADIUS. 

 

 

 

 

 

Figure 6-1. Some newspaper articles on Zigong RADIUS case study. 

 



 33

6.2 Training of Government Officials and Experts 

Training of Government Officials and Experts is part of the RADIUS initiative.  The Vice Mayor of Zigong, 
Mr. Xu Rongxuan, attended a 5-week-long training seminar in Japan.  Mr. He Yulin, a workgroup member, 
attended 7 weeks' workshop in Japan. 

6.3 Conference 

Sponsored by RADIUS, Mr. Pei Xiyu, a workgroup member and local coordinator, participated in an 
international conference in Yerevan, Armenia.  Also sponsored by RADIUS, Mr. Li Guangjun, a workgroup 
member, and Mr. He Yulin will participate the RADIUS Symposium in Tijuana, Mexico, October 1999 and 
present and discuss the result of the case study. 

6.4 Public Education 

Apart from using public media to publicize RADIUS and earthquake knowledge, the workgroup also 
displayed posters and held open lectures in the downtown. The workgroup also distributed large number of 
brochures. 

 

7 CONCLUSION 

The case study in Zigong is successful.  It raised public awareness, assessed the city's earthquake risk, 
revealed its weak points, and proposed actions to reduce the risk.  It also mobilized the government, the public 
and the expert to work closely and productively. 

Since this is the first time Zigong collaborates with international organizations, communication and 
coordination with IDNDR and RADIUS-JAPAN team met some difficulties in the early stage of the project. 

 The first difficulty is language. Staff in Zigong Seismological Bureau have never used English in their 
work before RADIUS project, although some of them learned it in college years ago. Relying on professional 
interpreters caused delay and slow response. The staff in the Bureau gradually improved on their English and 
the progress is encouraging.  

The second difficulty is communication facilities. Facsimile was not installed until July 1998, when the 
RADIUS grant arrived. Email was made available at roughly the same time, but was not completely reliable 
until early 1999, either because of computer hardware/software problem, or local Internet Service Provider's 
poor service. 

Cultural difference also plays a part in the communication problem. Chinese tend to be very cautious when 
communicating with organizations overseas. 

By the end of the project, most of the problems have been solved.  It is glad to see that RADIUS project not 
only helped to reduce the earthquake risk in the city but also helped the city to be more open and more efficient 
in dealing with the international community. 



 34

Authors of the report: 
This report has been prepared by the Workgroup under the supervision of the Local Steering Committee 

and INCEDE/OYO.  For more information of the project, contact should be made to  
 

 
Seismological Bureau of Zigong 
480, Xinmin Street 
Ziliujing District 
Zigong, China  
(Attn: Mr. Li Guangjun) 
Email: zgsdzj@zg-public.sc.cninfo.net 
 
 
Seismological Bureau of Sichuan Province  
No.29, Section 3, Renmin S. Road  
Chengdu, China 
(Attn: Mr. He Yulin; Mr. Pei Xiyu) 
Email: peixyz@mail.sc.cninfo.net 
 
 
OYO International (Singapore) 
No.2 Boon Leat Terrace, #08-02 
Harbourside Industrial Building II 
Singapore 119844  
(Attn: Dr. Sun Jichun) 
Email: sunjc@oyo.com.sg 

 



 35

APPENDIX A. EARTHQUAKE SCENARIO IN ZIGONG 

The earthquake strikes  

It is 5:00 P.M. a Tuesday afternoon in the summer.  The streets are crowded with people and rush hour 
vehicles.   School children come back from school, while factory and office workers leave their plants and 
offices. 

Suddenly, there is a slight jolt, then strong shaking. Some people lose their balance. Having some 
earthquake experience, people realize that Zigong is attacked by a strong earthquake. In Ziliujing district, the 
center of this city, the ground quiver is most violent and most people can not stand or walk. Inside houses, 
windows rattle in their frames with jarring noises, and TV sets and dishes in the cabinets fall to the ground. 
Some people are injured or pinned down by heavy fallen furniture.  Some people try to run out, but quickly give 
up the idea because the deformed doors can not be opened.  They have to find some spaces such as bathrooms or 
stay nearby some firm objects to protect themselves. 

This earthquake occurred just beneath the downtown area, with shallow hypocenter, producing strong 
ground motion. A lot of old adobe houses are damaged roughly or collapsed.  Some public houses built in 60’-
70’s at Tanmulin, Five-star Street at Ziliujing District are reduced to debris. Some residents are injured or killed. 
Some workshops with poor capability of seismic resistance and without necessary countermeasures, are 
destroyed, such as a workshop with three-story in Hard Alloy Plant, built in 1971.  It collapsed and some 
expensive machines imported from Germany are buried and destroyed. At Wangjiatang, Guojiaao and 
Dongxinsi, there are a large number of older adobe (wooden houses). Under the strong ground motion by the 
earthquake, these buildings are devastated due to heavy roofs and weak frames. The tiles fall to ground from the 
roof.  Some people are buried in the debris. 

The badly damaged areas are Five Star, Tanmulin, Shitashang at Ziliujing district, and Yuandingyuan at 
Huidong district. Some buildings with retrofitting measures appear lightly damaged, with the cover layer of 
walls fall off; Cracks are formed in the walls, exposing the reinforcement bars in some cases. A dormitory of 
six-stories at Zigong Nurse School collapsed and several students are killed.  Though there are necessary anti-
earthquake measures on many new buildings, these buildings still suffer damage because the residents had 
changed the structures of building during renovation.  In the same area, critical buildings with better capability 
of seismic resistance are intact or slightly damaged, such as Municipality Building, Army House and 
Supermarket Store. Only some fine fissures on the wall can be seen. In Huidong New District, Radio & TV 
Broadcast Center, and Construction Bank Mansion with 23-story at Tanmulin street, are slightly affected with 
some small cracks on the walls. 

Outside the epicenter area, the buildings at Gongjing district and the northern part of Da'an (an epicenter 
area of 1985 M5.0 earthquake) quiver violently. Because of some previous strengthening measures on the 
majority of buildings, the loss is rather slight.  Some cracks are caused on the walls. The workshops at several 
chemical plants are damaged, some of them collapse partly. The poisonous chlorine gas flee in the air. 

Most of drivers realize that it is an earthquake and stop their vehicles properly.  At Binjiang Road, a new 
driver skid into opposition direction of the road in panic, causing a bus to hit on a tree at road side. It is fortunate 
that no passenger is killed, but many are injured.  The road is blocked by the damaged bus. The natural gas bag 
on the bus is damaged, and nature gas leaks into the air. At the downtown area such as Five Star street, Tanmilin 
street and Guanghua street, the normal transportation is interrupted due to narrow roads and crowds of vehicles 
and people.   

The new Nei-Yi expressway built in 1998 and the access way from the city are not damaged. 

The First People Hospital Building built in 1995 at Five Star street is slightly damaged, with only some fine 
fissures on the walls. The fourth People Hospital Building at Tanmulin street is also slightly damaged, with 
some clear cracks on the part of walls. Both of them maintain their normal functions. But other smaller 
buildings of both hospitals are damaged heavily. A building with four-story built in 1977 collapses, killing 
several doctors (nurses) and patients.  A lot of cracks distribute on the walls of other buildings at the hospital.  In 
both damaged and undamaged buildings, delicate medical equipment and machines are damaged due to loose 
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fixing devices. 

The capability of seismic resistance of City Long-Distance Center is poor.  There are some obvious cracks 
on the structural parts and walls.  The steel bars in the structures are exposed out. Some switchboards are 
damaged by fallen objects such as parts of roof and wall, or damaged by themselves as they fall down due to 
loose fixing.   The wired communication in the whole area is cut off by the earthquake. It is fortunate that City 
Mobile Communication Center (located at Tudipo) and its substations and towers are intact due to their 
excellent capability of seismic resistance.  People can contact each other by mobile telephone or BP. 

In the power supply system, several substations lose their functions because some transformers and 
transmission lines are damaged by collapsed buildings. The power supply in downtown area is cut off. 

The iron water supply pipes are broken where condition is poor due to heavy corrosion of rigid joints. 
Water ejects from the ground. The water supply is also cut off in several blocks in the downtown area. 

Twenty seconds after the start of the earthquake, the shaking stops finally. 

 

Several minutes after the earthquake 

As soon as the shaking stops, people run out their houses to streets or open spaces, very afraid.  They then 
try to contact their families, friends and relatives with various possible means. 

Seismological Bureau of Zigong City enters the emergency state.  The staff maintain communication with 
Seismological Bureau of Sichuan Province and Municipality of Zigong. 

In Honghe Chemical Plant, the operators shut down the valves of conveying pipe following standard 
procedures, to prevent the proliferation of poisonous material. 

 

Half an hour after the earthquake 

People are still trying to contact their families, which is difficult due to the breakdown of telephone lines.  
Parents are worried for the safety of their children, and look for them franticly.   

The staff of seismic network of Zigong has come up with earthquake parameters after initial analysis. They 
report the time, location and magnitude of the earthquake to Zigong Municipality 12 minutes after the 
earthquake.  They also step up effort to measure aftershocks. 

The municipality declares that the city enter the response state. All members of “Zigong Earthquake 
Disaster Emergence Headquarters” gather at the City Earthquake Disaster Emergency Command Center. The 
mayor chairs the emergency meeting, and orders the implementation of the city's Emergency Response Plan. 
The investigation workgroup of Seismological Bureau of Zigong and related departments sets out to investigate 
the earthquake damage. 

One hour later 

A strong aftershock occurs, making people more afraid. Building damage is aggravated by the aftershock.   

In the heavily damaged area, people try to search and rescue their relatives and neighbors in spite of the 
danger from strong aftershocks. But their efforts are met with difficulty due to lack of necessary tools.  A 
substation resumes to supply electricity after simple checking of equipment. The short circuits in the damaged 
houses produce sparks, starting fire where nature gas leaks from the damaged or destroyed buildings.  The fire 
spreads quickly.   At areas such as Wangjiatang and Guojiaao, which are densely populated by adobe houses, the 
fire gets out of control. Fire is also started in a few highrise buildings.  Without advanced devices such as auto-
alarm and shower, the fire is also difficult to control. Other fires caused by some damaged gas stations endanger 



 37

the nearby buildings such as government building at Guanwai block.  The fire causes more casualties. 

Groups of soldiers and Armed Police are sent to the damaged areas.  They are the main force for rescue 
operation according to China Earthquake Disaster Reduction Law. But due to bad traffic condition, they have to 
give up vehicles and run to destinations. Other rescue teams are also mobilized and dispatched to the damaged 
area. 

Several incidents of looting occur in the downtown area. 

 

First night after earthquake 

Under the arrangement of Earthquake Disaster Emergency Headquarters, the emergency response plan in 
each department is being implemented. 

Undamaged Huidong Station starts to supply electricity to the critical facilities in downtown area. The 
quick-response team from Power Supply work hard to repair damaged facilities of the system. Radio and TV 
Stations constantly report all events relating to this earthquake, and some self-help knowledge. 

Because the telephone lines have breakdown, some damages can not be reported to the Headquarters.  Due 
to bad transportation, the fire-fighting teams can not reach the destinations to extinguish fire quickly. In some 
narrow streets, without fire fighting passageway, the fire fighters have to carry water guns to fire hoses nearby 
the site, only to find the water pressure are too low or there is even no water.  The fire fighting work can not be 
carried out effectively. 

By midnight, the major streets and roads have been cleared and controlled by police and Commission of 
Transport. The rescue and relief vehicles have priority to use road.  

The medical teams set up temporary medical stations in damaged area.  The injured come to or are sent to 
the medical stations for treatment.  

Police strengthen security for critical organizations, departments and main streets.  Trouble makers are 
arrested.  The telephone communication is being repaired. Nature Gas Company cut off the gas supply in order 
to prevent possible fires. 

The hospitals are overwhelmed by the large number of patients.  There are not enough doctors and nurses in 
the city to cope with the disaster. The blood banks are depleted before long and volunteers are called in to 
donate fresh blood for operation.  The backup power and water supply of the hospitals play a crucial role, 
without which the hospital cannot function.  The medical teams from outside the cities start to arrive in Zigong 
city and provide much needed help. 

In the heavily damaged area, police, soldiers and others are seeking for survivors in collapsed houses. 

At Honghe Chemical Plant, an operator smells some pungent gas, and immediately checks and finds 
chlorine gas near conveying pipes is leaking.  He alerts the manager who sends the repair staff to fix the 
problem quickly.    

A group of seismologists from Seismological Bureau of Sichuan Province reach Zigong and start to their 
investigation. 

Many residents dare not to enter their houses, because they are worried about the safety of these buildings, 
especially in case next aftershock comes. 

 

One week later 

One week after the earthquake, most residents return home and resume normal life, after the structural 
engineers checked their buildings.   Those homeless are arranged to stay in several public buildings, or in 
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temporary shelters provided by the government.  They also receive enough food and drink and other necessities 
from the government. 

Telecommunication and power supply have recovered.  

Due to hot weather and narrow space, some homeless people suffer from diarrhea or other diseases.  The 
TV and Radio stations continue to report the condition and events relating to the earthquake, and also 
precautions the residents how to prevent diseases. The medical team spray out disinfectant on the debris and 
main streets to prevent the proliferation of diseases.  Most of banks and supermarkets have reopened.  Schools 
also resumed.  Food and other relief material are transported to the city via the intact Zi-Yi expressway.  Then 
these material are dispatched to victims through the Civil Relief Bureau. 

The earthquake damage assessment by the authority shows: 80 people dead, 350 people seriously injured 
and 88,000 homeless; the economic loss is 908,000,000 RMB yuan (109.000,000 US$). 

The municipality asks for financial assistance from the government of Sichuan Province. 

 

One Month Later 

Life has returned to normal in the city, although some are still staying in temporary accommodations. 
Collapsed houses and buildings have been cleared. Lightly damaged buildings are being retrofitted.  

Damaged substations and water pipes have been repaired.  

Insurance company starts to process various claims. 

The reconstruction plan is issued by the municipality. 
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APPENDIX B. EARTHQUAKE RISK MANAGEMENT PLAN 

1.  Existing Efforts and Achievement Related to Earthquake Risk Reduction 

1.1 Institutionalization  

Seismological Bureau of Zigong was set up in 1971.  It is an administration section of the municipality, and 
represents Zigong government in coordinating earthquake disaster reduction work in Zigong.  The bureau also 
operates a local teleseismic network. 

1.2 Policy making 

In 1987, Zigong produced "Anti-earthquake strategy of Zigong city" and "Anti-earthquake workplan of 
Zigong city".  Each department also made their own "Anti-earthquake sub plan".   

1.3 Construction and strengthening of structures 

All structures built after 1978 were designed against earthquake, using national standard.  For old structures, 
the Construction Commission of Zigong did preliminary investigation and assessment.  It was found that 2.3 
million m2 of building and other structures needed to be strengthened.  By 1997, 1.7 million m2 of them had 
been strengthened, and 0.5 million m2 demolished. The remaining 100,000 m2 of structures will be strengthened 
before 2010. 

1.4 Damage assessment workgroup 

In 1992, Zigong Construction Commission set up an earthquake damage assessment workgroup comprising 
specialists from design, planning and housing management, in order to assess structural safety immediately 
following a damaging earthquake. 

1.5 Secondary disaster prevention plan 

The fire fighting and prevention department of Zigong investigated the manufacturers of combustible, 
explosive, and poisonous materials, assessed the city's fire fighting and prevention capacity, and stipulated 
"Zigong Fire Fighting and Prevention Plan".     

2. Action Plan Made in RADIUS 

2.1 Constructing Zigong Earthquake Emergency Command Centre 

The Zigong Earthquake Emergency Command Centre Building will be completed by October 1999.  The 
Centre is financed by Zigong government, and managed by Zigong Seismological Bureau.  The Centre will be 
equipped with Zigong Earthquake GIS System for data management and for assisting decision making. 

2.2 Constantly update, improve and facilitate the implementation of Emergency 
Response Plan 

(a) The Anti-Earthquake Command Centre will ensure the various organizations will timely revise, add to, and 
improve their emergency response plans.  The Command Centre will examine the emergency response 
plans of each organization annually, and verify the personnel and other resources necessary for the 
implementation of the emergency response plans.   
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(b) Zigong government will conduct a "Damaging Earthquake Emergency Response Exercise".  The exercise 
will be planned by the Seismological Bureau.  The exercise will check the emergency response plan of each 

organization, and raise public awareness of earthquake. 

2.3 Improve communication facility 

(a) A new building of telephone exchange centre is under construction for Zigong Telecom, with higher 
standard of earthquake-resistant design. 

(b) The Anti-earthquake Command Centre will compile a list of important telephone numbers useful in the 
event of a damaging earthquake.  The numbers will include those of life line companies, control room of 
factories of poisonous material, petrol storage and stations, natural gas storage and stations, water supply, 
electrical substations, etc.  The list will be a manual, which will be distributed to all relevant organizations 
and people.   

(c) Zigong Telecom must give those numbers higher priority in the event of earthquake.  Zigong Telecom will 
also connect the alarm number (fire alarm, etc.) to more than one exchange centre to reduce the risk of 

breaking down. 

2.4 Power Supply Facility Upgrading 

(a) The 110 KV substation that is responsible for supplying electricity to the city centre and key organizations 
is in a house on Class 2 site.  The house is weaker compared with other substations, in spite of the 
strengthening.  Its duty should be taken over by Huidong substation, until a reinforced concrete structure is 
built to house the substation. 

(b) Zigong Power Supply will install three vacuum switches in each high voltage transmission line, in order to 
reduce the affected area and duration of power cut.  This will be done within a period of five years (1999 - 
2003). 

2.5 Eliminating old houses 

As an old city, Zigong has large area of old adobe houses.  These houses are wood framed, with heavy roof.  
They are vulnerable in earthquake.  Zigong government is demolishing these houses and resettling the 
resedents in the new district.  Ten to twenty thousand people will be relocated per year according to plan. 

2.6 Secondary disaster prevention - fire fighting 

(a) Zigong government will invest RMB 200,000 to set up a dedicated wireless communication network for 
Zigong fire brigade. 

(b) Zigong government will purchase two more high capacity fire engines (RMB 850,000). 

(c) Zigong government will build 180 additional hydrants. 

(d) Within 2 - 3 years, chemical factories will compile their "Fire prevention plans in earthquakes" and take 
practical measures, focusing on weak points. 

(e) Within 2 years, Zigong government will purchase a 54m crane for fire fighting and rescuing over high-rise 
buildings, and two lighting vehicles for fire-fighting at night.  Total cost is 4 million RMB. 

2.7 Reassessment of structures using new vulnerability index 

(a) Within six months, Zigong Construction Commission will assess those structures with good seismic 
resistance and select some as post-earthquake relief shelters.  The result will be released to the public. 
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(b) The Construction Commission will also identify those weakest houses within one year, and either retrofit 
them, or demolish them.  The "Zigong Anti-earthquake Plan" may be adjusted moderately. 

2.8 Dissemination of earthquake knowledge 

Zigong Seismological Bureau will compile a booklet titled "Manual of Earthquake Knowledge", and 
distribute freely to the general public.  The manual will be easy to read.  It teaches earthquake knowledge, 
and also self-protection skills in the event of earthquake.  It is hoped that through education, people will be 
more conscious of their action, and will not do foolish things such as demolishing load-bearing walls when 
renovating their houses. 

2.9 Proper Management of disaster relief materials 

The Anti-earthquake Office of Zigong will make an inventory of the disaster relief provisions stored by 
various organizations, clearly recording the responsible organization, person in charge, quantity and place 
of storage.  These data will be used by the government to organize disaster relief effort in event of a 
damaging earthquake.  The Office will inspect and verify the inventory annually. 

List of Some Projects to be Completed Soon 

 

Item Action 
Responsible 
institution  

Cost (U.S.$) Time to finish 
Person in 
charge 

1 
Construct Anti-Earthquake 
Command Centre 

SBZ
*
 115,000 1999.12. 

Zhou 
Desheng 

2 
Upgrade seismic network in 
Zigong 

SBZ  91,950 2000.6. 
Zhou 

Desheng 

3 
Set up Zigong Earthquake 
GIS System 

SBS
** and SBZ 68,965 1999.12. Gong Zhaohe 

4 
New Telecommunication 
Building 

Zigong 
Telecom 

689,655 1999.12. Li Wenjun 

5 
Strengthen buildings of 
electricity network  
(target: 2649.6 M2) 

Power Supply, 
Zigong 

78,160 1999.12. 
Xiong 

Kaihong 

6 
Purchase a backup system 
for 110KV substation 

Power Supply, 
Zigong 

26,436 2000.2. 
Xiong 

Kaihong 

7 
Install communication 
network for fire-fighting 

Fire-fighting 
Brigade 

22988 1999.12. Yi Yong 

8 
Equip two fire-fighting 
engines with greater power 

Fire-fighting 
Brigade 

97700 1999.12. Yi Yong 

9 
A fire-fighting engine with a 
54m crane, and two 
illuminating vehicles  

Fire-fighting 
Brigade 

459770 2000.1. Yi Yong 

10 Equip two more ambulances 
The Public 
Health Bureau 

20690 2000.6. Li Zhi 

11 
Demolish old weak adobe 
houses (50,000 M2) and 
resettle the residents 

The Housing 
Bureau and 
Construction 
Committee 

3448275 2000.12. 
Lo 

Guangming 

12 
Install additional 180 
hydrants 

Fire-fighting 
Brigade and 
others 

57470 2000.12. Yi Yong 

13 
Compile a Communication 
Manual for earthquake 
disaster relief in Zigong 

SBZ 115 1999.12. 
Zhou 

Desheng 
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NOTE:     

** The Seismological Bureau of Sichuan Province 

*   The Seismological Bureau of Zigong 

 


