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Executive Summary

This research report was prepared by the Chinese Institute of Transportation
(CIT) and funded by the International Association of Traffic and Safety Sciences
(IATSS), Japan. The goal of this report has three:

1. to survey and analyze the damaged conditions for regional transport network,

2. to survey and analyze the traffic condition in selected towns, Nantou City and
Tsaotung Town,

3. to survey and analyze the street closure condition of local roads in Chi-Chi
Town.

In addition to acknowledging the funding from IATSS, we would like to give a special

appreciation to Prof. Odani, Prof. Tsukaguchi, Dr. Uno and etc. who gave us some

Japan’s experiences in survey methods and results analysis for the earthquake.

To meet these goals, three tasks of macro, meso and micro level, were
respectively assigned to Prof. Cheng-Min Feng, Associate Prof. Tien-Pen Hsu, and
Prof. Kuang-Yih, Yeh, and coordinated by Prof. Cheng-Min Feng with the advice
from Prof. Chi-Kang Lee, Prof. Shyue-Koong Chang, and Prof. T. H. Chang. The

results of these three tasks were summarized as follows:

Macro level: the damaged conditions for regional transport network

1. The Chi-Chi great earthquake occurred at the suburban areas in the Central Taiwan.
In addition to the ground shaking, the fault rupture, landslides and liquefaction
were the main reasons to cause the failure of regional transportation systems.
The damages in the Chi-Chi quake may be different from those in Japan and
elsewhere in the world. Therefore, the damage reasons and results could be used
as references for other countries.

2. How to obtain the immediate and correct damage information of regional
transportation networks is very important to the work of rescuing people at the
first time and distributing relief goods to the people in the disaster areas at the
second time. In addition, how to collect data of post-quake traffic conditions is
also another issue for transportation planners. It was suggested in this study that
the methods of field survey and interview survey should be conducted together to

complement each other.



3. Most of the seriously damaged highway bridges in Chi-Chi earthquake were
adjacent to the Chelungpu fault, which reminded transportation planners and
engineers in Taiwan to carefully choose bridge location and to strengthen bridge
structure in the future.

4. Since there were many landslides in the mountainous areas, whether we need to
construct more regional highways in the mountainous areas is now a critical issue
to transportation and environmental policy makers, planners, and engineers for

discussion.

Meso level: the traffic condition in selected towns

1. There are various factors that jointly influence the prevailing traffic conditions,
such as traffic volume increase, lane width decrease, road damage caused by
collapsed buildings, malfunction of traffic signals, and change of drivers'
behaviors, etc. In short, the patterns of traffic demand and supply have been
significantly changed due to the great quake, which results in the changes of land
use, road surface, and landscape.

2. For the connecting highways being investigated, the general public are more
familiar with provincial-level highways and they are more willing to use these
highways in view of better service due to higher capacity levels, and clearer
instruction of the signage systems. Thus, it is suggested to improve the signage
systems for the rest of the links in the near future.

3. The traffic conditions in the following 3 days of the quake are much the same,
since it is officially off during that specific period of time, and the residents are
usually staying at home to take care of the damage. However, traffic volume is
increased due to the increase of rescue resources flooding into the damaged areas.
This situation returns to normal traffic conditions (before the quake) after 3 weeks
of the quake.

4. The major significance / difference of the research as opposed to other research is
the "time period" vs. "time spot" survey concept. Since lane closure control is
periodically changed with a very high frequency, this research aims to find out
realistic traffic conditions during 2 weeks of the quake. This outcome is

significantly different from those surveys at a specific "time spot", in which the
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results are represented by (highway or street) "in service" and "blocked".

Since the street width in the urban area is very limited, therefore street parking and
roadside activities usually cause severe traffic congestion. However, even though
there is choice option being designed in the questionnaire stating "road space is
occupied (by street parking or other objects), which results in difficult traffic
movement", there is no response to this specific option. This is due to people get
used to the traffic conditions, and take street parking for granted.

By the comparison of the traffic conditions in both Tsaotun Town and Nantau City,
it is found that the traffic conditions in Tsaotun Town are less changed before and
after the quake since it is not severely damaged. On the other hand, the traffic
mobility in Nantau City is significantly decreased due to serious damage by the
quake. Therefore, it is reasonably to infer that the influence of the decrease of
roadway capacity caused by the quake is much serious than the change of traffic

demand patterns.

Micro level: the street closure condition of local roads

1.

The arterial roads whose width are 12 meters and above in Chi-Chi town could
provide traffic functions of disaster relief. Most of the streets with widths of 2
meters are blocked during the earthquake.

For those streets with widths greater and equal to 8 meters, the damage conditions
are located at rankl and rank2. It means that these streets are accessible by
emergency vehicles.

There are 20% (=27/140) difference in comparison the on-site survey with the air
photographic data. Theoretically, air photos provide accurate reference, but 9
links remain unreadable and are required reconfirmation. When residents answer
the questionnaires, most of them provided their answers conservatively.

There is a significant amount of damage links shown in wider streets, the
percentage of streets damage with the width between 6 and 8 meters is the highest.
Generally 70% of damaged streets in Chi-Chi town caused serious traffic problems
in providing fundamental transportation functions.

Very few streets are blocked by collapse of wooden houses. Most of the streets

are closed due to collapse of R.C or brick houses.
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6. 11 streets could not be accessible by emergency vehicles, but the street network

still functions well.

7. The study finds no isolation area in Chi-Chi town.
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Task I: Macro Level: Damaged Conditions for Regional
Transportation Network

Introduction

Location and Time

Most people in Taiwan were at home asleep at 1:47 a.m. of September 21 when
the island of Taiwan was rocked by a magnitude 7.3 earthquake. The epicenter of
the earthquake was located in the mountainous central region of the island near the
town of Chi-Chi in Nantou County (figure 1-1). The earthquake was named locally
as “921” great earthquake or “Chi-Chi” great earthquake in attempt to document the

time or place of the disaster.

Figure 1-1 Epicenter of Chi-Chi Quake



The Chi-Chi great earthquake was caused by the rupture of the Chelungpu fault.
Because Central Taiwan is the area seriously hit by the earthquake, this study will
choose Taichung City, Taichung County, Changhua County and Nantou County in the

central Taiwan as our study area (figure 1-2).

Figure 1-2 Location of Chelungpu Fault and Study Area

Characteristics of the Chi-Chi Earthquake
The Chi-Chi great earthquake had several characteristics: suburban disaster
location, shallow earthquake, many aftershocks, and some special geotechnical effects

such as fault rupture, landslides and liquefaction.

Suburban disaster location

The primary disaster area of the Chi-Chi great earthquake was in the suburban
areas, while that of the 1995 Hanshin-Awaji earthquake in Kobe, Japan was in the

urbanized areas.

Shallow earthquake

The Chi-Chi great earthquake was categorized as a shallow earthquake, which
has a greater impact near the epicenter than deeper one does. This shallow

earthquake caused greater vertical and lateral displacement than Taiwan had in the last
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century. The ground in some places was lifted more than five meters.

Many aftershocks

In the first few days (9/21~9/27) following the earthquake, there were about

8,000 aftershocks, with 13 of these measuring over 5.5 magnitude.

Geotechnical effects

The geotechnical effects of Chi-Chi great earthquake could be characterized by
fault rupture, landslides, liquefaction, which were also the main causes of all kind of
damages in addition to the ground shaking.

1. Fault rupture

The total length of the Chelungpu fault is about 80 km. The epicenter is
located about 15 km from the south end of the fault. The Chelungpu fault thrust
activity triggered a violent vertical offsets and surface ruptures, which caused the
severe destruction in Tungshih, Fengyuan, Tali, Wufen in Taichung County, and in
Puli, Chushan, Mingchien, Chungliao in Nantou County along the fault line.

2. Landslides

The Chi-Chi great quake changed the mountains shape, dammed a creek and
formed an artificial lake. Examples of disfigured mountains in the central
Taiwan are the Chiufen Mountain 2, Kuohsing township and on Chiuchiu
Mountain in Tsaotun township in Nantou County. The once-verdant mountains
have turned to barren escarpment. These landslides and rockfalls destroyed the
highway transportation systems, damaged buildings, isolated the communities, and
created the mudflows.

The six consecutive days of heavy rainfall in the end (2/20~2/25) of February,
2000 have unleashed more mudslides, stranded quake victims, and cut off water
supplies in Nantou County. Many people in the affected villages needed to be
relocated to safer areas.  Jenai Township, a predominantly aboriginal area, had 35
houses crushed, seven roads blocked and more than 1,000 people trapped by these
mudslides. The Council of Agriculture said total damages to the agricultural
sector (2/20~2/25) amounts to more than NT 190 million, while Highway Bureau
said the damages to the highway amounts to NT 200 million because of this
mudslide (2/20~2/25).
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3. Liquefaction

Liquefaction occurs primarily in saturated, loose, fine to medium-grained

soils.  When these sediments are shaken, a sudden increase in pore water pressure

causes the soils to lose strength and behave as liquid. Liquefaction-related

effects include loss of brearing strength, ground oscillations, lateral spreading, and
flow failures or slumping.

Liquefaction induced damage was reported at some locations of riverbank,
levee, port area and bridge area in the Chi-Chi great quake. Liquefaction led to
settlement of building foundation, lateral spread of levees, and movements at
bridge abutments at river crossings.

The major characteristics of Chi-chi earthquake could be summarized as
follows:

(1) No. of Aftershock: 8,000 (9/21~9/27)

(2) Major Aftershocks (='5.5 ML): 13 (figure 1-3)

(3) Shallow Earthquake: 1.1 Km

(4) Vertical and Lateral Displacement: SM (Ground Lift)

(5) Affected Area: Most in Suburban Areas

(6) Geotechnical Effects:
» Landslide (LJAR)

« Fault Rupture (EfZEE))
- Liquefaction (&{k)

Figure 1-3 Location of Major Aftershocks of Chi-Chi Earthquake
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Deaths and Injuries

The Chi-Chi great quake left 2,400 people dead, and more than 10,000 injured.
More than 30,000 housing units were destroyed, 25,000 housing units were damaged,
and 100,000 people were left homeless (figure 1-4). Many towns and villages in
central Taiwan were destroyed. Industry and commercial activities were brought to a
standstill because of power cuts or insufficient workfore. The conservative estimates

of total losses were over US$ 9.2 billion.

Figure 1-4 Distribution of Major Disaster Areas

Survey for Damaged Conditions of Regional Transportation
Network

Survey Purpose

The survey of macro level is to understand the damaged conditions of
highways, highway bridges, and bus transit systems for regional transportation in

the damaged central region of Taiwan.
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Survey Area

This survey area mainly focused on the damaged central Taiwan, including

Taichung City, Taichung County, Changhua County and Nantou County. The

survey areas were shown in figure 1-5.

L

J i
LChunghua County 3
w
S Epicenter
% =X ‘
8 Nantou County
]
£
g

L)
%,

Figure 1-5 Survey Area

Survey Method

The survey of damage conditions of regional transportation networks were
conducted through both field survey and interview survey. The field survey were
conducted by sending students to the disaster areas to understand the real damaged
conditions. However, some damaged conditions had been recovered when
conducting our field survey. Therefore, interview survey were very helpful to
obtain the damaged conditions at the immediate time after earthquake for the
regional transportation networks. The interviewed agencies in this interview
survey were Center of Earthquake Engineering Research, Highway Bureau,

Architecture & Building Research Institute, Construction Planning Administration,

and etc.



Survey Results
(1) Highways

Highway transportation failure not only impeded access to hospitals,
evacuation areas, emergency relief centers, and fire departments during the
rescuing period, but also affected the ability to get to or from work during the
recovery period.

The highway transportation disruption in the Chi-Chi great quake resulted
primarily from landslide, fault rupture and liquefaction. Highway traffic were
closed on 156 sites for provincial road and on 112 sites for county road.
There were 290 sites having the road surface displacements and landslides.

The locations of these damaged sites could be seen in figure 1-6.

Figure 1-6 Distribution of Highway Damage Sites



From the topography of disaster areas (figure 1-7), it can be seen that the
seriously damaged highway sites or highway routes are located at mountainous
areas which caused the landslides, or adjacent areas of fault rupture. The
highway routes of major damage were No. 3, No. 8, No. 8-1, No. 14, No. 16, No.
18, No. 21, and No. 21-1 at the provincial highway level, and No. 131, No. 136,
No. 149, No. 149-1, No. 149-2, No. 151 at the county highway level (Table 1-1).

Table 1-1 Highways of Major Damage

1. No. 3
2. No. 8
3. No. 8-1
4. No. 14
5. No. 16
6. No. 18
7. No. 21
8. No. 21-1
No. 131
No. 136
No. 149
No. 149-1
No. 149-2
No. 151

Provincial Highway

County Highway

Among these, Provincial-3 is a very important north-south highway routes,
which is unfortunately located adjacent to the Chelungpu fault. Provincial-8,
-14, -16, and -21 were basically the mountainous highway routes, which were
damaged because of the landslide, rockfall and surface displacement. The
distribution of damaged highway routes can be seen in figure 1-8. The other
reasons for damaged provincial-3 and —14-2 highway routes are liquefaction.
The reasons and locations for highway damages can be summarized as in the

figure 1-9.
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Figure 1-9 Major Reasons for Highway Damage

(2) Highway Bridges
Bridges are the most vulnerable component of the transportation system.

Nearly every bridge along the Chelungpu Fault was seriously damaged or
destroyed.  Although Chi-Chi earthquake damaged more than 85 bridges, 13
of these belonged to the sites of major or medium damage identified by the
Taiwan Highway Bureau. Some bridges failed due to fault rupture beneath or
adjacent to them. Examples for fault rupture were Shi-We Bridge, U-Shi
Bridge, Min-Chu Bridge, I-Chiang Bridge, Tung-Tou Bridge, and etc. Some
bridges failed due to ground shaking. Examples for ground shaking included
Dong-Fung Bridge, Yen-Fung Bridge, Chi-Lu Bridge, and etc. Some bridges
failed due to liquefaction. Examples for liquefaction had Mao-Lou-Shi
Bridge, Jiun Kung Bridge and etc. The distribution of some bridges of major

damage were illustrated in Figure 1-10.
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Figure 1-10 Relationship between Bridge and Fault

Fault rupture and ground shaking are two major reasons to cause the
highway damages. Privincial-3 highway is a typical example. The other
reason of highway damage is from landslide particularly in mountainous areas,
and Princial-8, Princial-14, Princial-18 and princial-21 are these examples.
Liquefaction is another reason to cause the highway damage.

The damage levels and damage reasons for major damaged highway
bridges were summarized in the Table 1-2. It was found that most of
seriously damaged bridges were adjacent to the fault rupture, which delivered a
warning message to the transportation engineers who need to pay much

attention on the location of fault and the structure of bridges in the future.

(2) Intercity Bus Operation
Some intercity bus operations stopped their services due to the transit

routes, transit terminals and transit vehicles were damaged. The damaged



conditions for these affected bus companies could be shown in Table 1-3.
The failure of intercity bus transit routes can be shown in figure 1-11. Most

of the failure of bus transit routes were located on the damaged mountainous

highways such as Provincial-8, -14, -21, -16, and etc.

Table 1-2 Damage Level and Damage Reason for Bridges
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Table 1-3 Intercity Bus Damage Conditions

Bus Company | Revenue Loss | Hardware Loss Total
5P EE 1,191,842 1,191,842 2,383,684
L FE 7,080,067 7,080,067 | 14,160,134
AmEE 20,064,094 20,064,094 | 40,128,188
YR EE 25,033,387 25,033,387 | 50,066,774
FFE 11,476,522 11,476,522 | 22,953,044
YREE 730,318 730,318 1,460,636
I~k %FE&E 11,866,074 0| 11,866,074




Summary

1. The Chi-Chi great earthquake occurred at the suburban areas in the Central Taiwan.
In addition to the ground shaking, the fault rupture, landslides and liquefaction
were the main reasons to cause the failure of regional transportation systems.
The damages in the Chi-Chi quake may be different from those in Japan and
elsewhere in the world. Therefore, the damage reasons and results could be used
as references for other countries.

2. How to obtain the immediate and correct damage information of regional
transportation networks is very important to the work of rescuing people at the
first time and distributing relief goods to the people in the disaster areas at the
second time. In addition, how to collect data of post-quake traffic conditions is
also another issue for transportation planners. It was suggested in this study that
the methods of field survey and interview survey should be conducted together to
complement each other.

3. Most of the seriously damaged highway bridges in Chi-Chi earthquake were
adjacent to the Chelungpu fault, which reminded transportation planners and
engineers in Taiwan to carefully choose bridge location and to strengthen bridge
structure in the future.

4. Since there were many landslides in the mountainous areas, whether we need to
construct more regional highways in the mountainous areas is now a critical issue
to transportation and environmental policy makers, planners, and engineers for

discussion.
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Task 2: The Study for Traffic Congestion Levels in the
Chi-Chi Great Earthquake — The Case Study in

Nantou City and Tsaotun Town

Introduction

This study aims to investigate the mobility and accessibility of local road
network after the 921 Chi-Chi Earthquake. Traffic related data are collected and
earthquake prone traffic characteristics are summarized for the road network in

transporting goods / rescue resources through questionnaire survey.

Scope of the Study

The scope of the research is focusing on the core of the quake influence area.
Nantou County, which is the most seriously affected prefecture, is the target area to be
investigated. This study will choose Nantou City and Tsaotun Town as our survey

area to explore the traffic congestion conditions before and after quake (figure 2-1).

Population Level and Distribution Status

In terms of population distribution, most of the people are resided in the
following 5 local towns: Nantou City, Puli, Tsaotun, Jushan, and Mingjen, The total
population of the above 5 towns accounts for 71.57% of the entire population of
Nantou County. There are 102,990 people resided in Nantau City, and 94,8225
people in Tsaotun Town. Thus, this research takes the above two local towns for
examples, and investigates the post quake situations in terms of the change of local

traffic characteristics.

Basic Transportation Information

The most importation transportation mode in Nantou County is road transport
due to its geographic characteristic (Nantou County is the only county in the main
island of Taiwan without direct access to maritime and air transportation). Therefore,
the most frequently used transportation modes are land transport related, such as
passenger car (67.7%), motorcycle (48.7%), and public transit--bus (19.7%). The
low usage of public transit is due to inappropriate routing / scheduling of bus systems

and the high ownership of private cars.
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Figure 2-1: Locations of Tsaotun Town and Nantou City in Nantou County

5= -

Survey on Traffic Congestion Levels

Purpose of the Survey

The survey of meso level is to understand the traffic condition before and after

quake is selected towns, Nantou City and Tsaotung Town in Nantou County.

Location of the Survey

Tsaotun Town is the north / west gateway of Nantou County. It is the
unavoidable throughway that rescue resources are transported from Taichung in the
north and from Changhua in the west. While the county's rescue command center is
set in Nantou City, Nantou City is headquarter for distributing / dispatching rescue
resources. As regard to city road / street network, Nantou City and Tsaotun Town
are the local towns of highly urbanized and populated areas. In the quake, the
houses / buildings in Nantou City are more seriously damaged than those in Tsaotun
Town. Thus, it is appropriate to conduct before and after studies in obtaining traffic

congestion levels via questionnaire survey for the above two local towns.
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Time of the Survey

Speaking of issues of levels of traffic congestion, blockage on traffic flow, road
closure, and traffic accessibility, Odani and Tsukaguchi have investigated road
network damage as well as network links' / nodes' accessibility using air
photographing approach. Due to the lack of air photographing data, this research
conducts questionnaire survey to investigate the traffic conditions after the quake in
the above mentioned research scope area. The duration of the survey is from
December, 1999 to February of 2000.

Methodology of the Survey

Recognizing the purposes of the research, questionnaire is designed in the
following parts: the first part is to obtain relevant traffic data from major highways
connecting to adjacent counties; the second part is targeted to those urban road
network at the street level in both Nantou City and Tsaotun Town.

The first stage of the survey is to obtain the general public's opinions toward the
proposed research topics using open (options) questionnaire. The main problems
surfaced at this stage are: 1) the general public have difficulty in memorizing the road
/ street names so that it is difficult to answer street-based questions; 2) the general
public are not familiar with traffic specific terms, such as traffic volume and traffic
delay, etc., therefore they are not able to easily respond to the questions in a
.professional way.

The second stage of the survey is to conquer the problems / difficulties raised in
the first stage. Specifically, instead of using road / street names, we provide them
with the objects of well-known site names, easily recognized landscape / building as
the reference target. Meanwhile, to ensure the validity of the survey results, the
respondents are selected for those who are familiar with local traffic conditions /
geographic layout and highly cooperative in the questionnaire survey, such as traffic
policeman, postman, cab driver, and bus driver. The Q/A formation is designed from
a driver's perspective by defining driving smoothness as the indices for evaluating the
level of service (LOS) of road network. It is supposed that the above indices have
direct relationships with traffic speeds, therefore we are able to infer the accessibility

of road network and the mobility of major highways.
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Contents of the Survey
1. Major Connecting Highways

The capacity for inter-city highway is generally high and traffic condition is
less complicated. The research specifies various traffic conditions into 5 levels
of congestion in which level 1 represents "very smooth" and level 5 means "very
congested”, as shown in table 2-1. In the meantime, traffic speeds are also
collected through the survey in order to provide the comparison basis. The
collected speeds are divided into 6 levels ranging from 20 kph to 70 kph, since 20
kph is generally the lowest speed shown in a car's meter and 70 kph is the speed
limit in the surveyed highways. The responses are collected by surveying cab

drivers, bus drivers, and personnel of the fire department of Nantou County.

Table 2-1 Questionnaire for Traffic Condition and Speed of Intercity Highways

traffic condition and speed traffic condition and speed two
before quake weeks after quake
[1'Very Smooth 120 30 |[dVery Smooth 120 30
1Smooth 140 150 |[OSmooth 140 [ 50
1 |Tsaotung-Ushi | g5y [160 (170 |Mfair [7 60 [ 70
Bridge [ Congested Unit: kph  |[1Congested Unit: kph
[1Very Congested [IVery congested

2. Urban Streets

The questionnaire for the target urban street network is designed based on
road / street names with the support of easily recognized landscape. In order to
provide the respondents with clear ideas to capture the target questions, answering
choices are designed from a driver's perception toward traffic conditions, as shown
in table 2-2.  In table 2-2, traffic conditions ranging from level 1 to 5 represent
different traffic congestion levels. It needs to be pointed out that level 4
(congested with slower speed) means traffic moves slowly. However, level 5
(road space occupied with very slow speed) shows that the traffic almost stops due
to lane width decrease and / or closure. It means not only the traffic moves very

slowly, but also the LOS's or road service is even worse. Due to the lack of
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detailed data describing the influence of building collapse on lane width decrease
and / or closure, we may roughly infer the potential bottleneck links from the
responses to the choice of level 5. The respondents are local policemen and

postmen who are regularly patrolling / travelling in the target street network.

Table 2-2 Questionnaire Form for Traffic Condition of Major Arterials

Minsheng Street Highschool of Nantou<®»Roundabout

[_IVery Few Cars with Higher Speed

[[JMany Cars with Moderate Speed

Before Quake [_ISlow Speed but Acceptable

[_JCongested with Slower Speed

[ JRoadspace Occupied with Very Slow Speed
[ [Very Few Cars with Higher Speed

[_Many Cars with Moderate Speed

Two Weeks After Quake [ISlow Speed but Acceptable

[ICongested with Slower Speed

[ JRoadspace Occupied with Very Slow Speed

Methodology for Specifying LOS

The questionnaire describes traffic conditions using general terms / words,
therefore this research specifies LOS in the light of the contents of the questionnaire.
For example, ranging from the best to the worst traffic conditions, there are 5 choices.
The best traffic condition scores 1 point, while the worst one scores 5 points, as
shown in table 2-3. By averaging all the scores of a specific link, we may obtain the
final score, N. If N is between 1 and 1.5, the LOS of the specific link is at level A,
which represents traffic is "very smooth" and "very few cars with higher speed". If
N sits between 1.5 and 2.5, then the LOS of the link is at level B, which means traffic
is "smooth" and "many cars with moderate speed". These relationships can be
further demonstrated in figure 2-2.

The change of LOS is identified by using the difference of the average scores
before and after the great quake, that is N,-N,, where N, and N, represent the average
scores after and before the great quake, respectively. If the difference is less than 0.5,

then one can infer that the quake has no influence on traffic. If the difference is
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between 0.5 and 1.5, then the LOS is degraded one level, as shown in figure 2-3.

Table 2-3 Scores of Traffic Condition

Traffic Condition Score
[JVery Smooth [IVery Few Cars with Higher Speed 1
[JSmooth [_IMany Cars with Moderate Speed 2
[ JFair [_ISlow Speed but Acceptable 3
[JCongested [ICongested with Slower Speed 4
[ JVery Congested | JRoadspace Occupied with Very Slow Speed S

1 1.5 2 25 3 35 4 45 5
Figure 2-2: Rank of Scoring Before Quake

£ F—8% BhB B8 B

0 05 1 15 2 25 3 35 4
Figure 2-3: Rank of Scoring After Quake

Results of the Survey

Connecting Highways

In the part of connecting highways, there are totally 9 County-level highways
located in Tsaotun Town and Nantau City being investigated. They are Provincial-3,
Provincial-3 A, Provincial-14, Provincial-14B, Provincial-14D, Provincial-63, County-
139, County-148, and County-150. The scope of the survey area is shown in figure
2-4.  The adjacent cities / counties are Taichung, Wufeng, Fenyen, Yenlin, Sirtau,
Tenjong, Mingjen, and Chungliao. The specific links and segments being surveyed

are demonstrated in table 2-4.
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Figure 2-4: Connecting Highways

Table 2-4 Scores Change B/A Quake

Road Section Road Name
AlEdi~8 kA (No. 3)
B | ¥ ik
ClE&~4R (No. 14)
D |Ed~F 4k (No. 148, % .L3&)
E|Ed~dik (No. 3, ¥ £3%)
F|¥d&~dix (No. 3-1, £F#)
G|¥d~hiz (No. 14-2, & & E#7H)
H|Ed~HE (No. 14)
I da#~2LE (No. 14-4, & 1 2%)
J |H3%~3L55 (No. 139, R#%#&)
K|hiz~a ¢ (No. 150, & £13%)
L |#i%~4 (No. 3, & H3%)
M| &~F % (No. 139, & #58)
N | d 4%~ 8 # (No. 14-2, &)




1. Levels of Traffic Congestion

This research specifies levels of traffic congestion into 5 levels: level 1 to 5
represent very smooth, smooth, fair, congested, and very congested, respectively.
The results are obtained by analyzing the before and after questionnaire surveys,
as shown in Table 2-5. The results show that the LOS's of the highways
connected Nantau and Tsaotun are ranging from levels A to B before the quake,
which means traffic conditions are generally well. However, after the quake, the
results indicate that the LOS's of the same highways become worse. The LOS's
are distributed from level A to level E.  Only 4 highways remain the same LOS's,
and 4 highways degrade the LOS's to level E. It is found, in general, that traffic
conditions become worse after the great quake. The change of the traffic

congestion levels is shown in figure 2-5.

Table 2-5 Traffic Conditions for Intercity Highways B/A Quake

Level Road Name(Before Quake) Road Name(After Quake)
3% A 85(63) Bl F BIEMEQ)*
¥ E R4
B4 E BR(148)% Lk
EHEEHIZO)EER
A T2 HGFIRMH
HdF R E(14)
& 1% £ 4L 55(139)
BT E | (150)
HARETFU3NE ML
BILESE(L )&
&2 BEBOQ) B2 (148 % Lk
B EhE R4 8 PR d 4% E4L58(139)
B EAHA4T)H K% H4% £ 8| P (150)
HIRELMQG) B %
4 EHFEAD
C EEEHIRC FILMS
#4Z 2 A4 T)dh B 254>
HIZEFEU B D%
D P35 A E8(63)
BHIRELBPO) A%
Ed 2 hRG)EER
E ¥ 2 Hit(14 1)@ f g
o E R (14)%
wIRE FF39) @ pagt*

**: represents seriously damaged road



Rank Level Rank of Traffic Condition
5 Before Quake

Rank of Traffic Condition
After Quake

A B C D E F GG H ' 4 K L M N
Road Section

Note: A, B, C, ... N represent the road name
Figure 2-5: Rank Level Before and After Quake

2. Change of Traffic Speeds
This research also conducts survey on the change of traffic speeds before and
after the quake. As demonstrated in table 2-6, before the disaster, the traffic
speeds are relatively high, usually at the level of 50-kph with the highest speed at
67.8 kph. However, all the traffic speeds are decreased after the quake, with the
largest decrease rate at 65%, as shown in figure 2-6.
3. Change of LOS’s
In the light of the LOS evaluation methodology mentioned previously, in
terms of the change of LOS, for the 14 connecting highways being investigated,
there are 6 highways without significant influence by the quake, 4 highways
degrade 1 level, 2 highways degrade 2 levels, and 2 highways degrade 3 levels.

The details of the analysis are shown in table 2-7.



Table 2-6 Travel Speed B/A Quake

Travel Speed (Kph)
Road Name
Before Quake (B) After Quake (A)
il £ &G 50.0 51.7
P 3% 2 67.8 42.2
B4 EFRQ4) 61.4 46.7
¥4 2 BH(148)% L 53.3 43.3
EdEHRQ)E LS 56.0 26.0
EEZHHRCT) LMK 58.0 38.0
B 2 hIn(142)6E & gxx 54.0 28.0
HEl i E(14)* 61.7 21.7
BARE BAR(4T)d B 55** 60.0 27.5
# 1% £ 4L 55 (139) 60.0 50.0
H 1% £ 8 P(150) 60.0 46.0
B ELEQG)H % 51.7 33.3
B E P F(139)d SpEEHH 58.3 25.0
B EAEMR4)E HH 56.0 40.0

Note: A, B, C, ...,N represent the road name

Speed(kph)
80

Travle Speed Before quake

B Travel Speed After quake
0 = b

60
50
40
30
20
10

A B C D E F G H I J K L M N

Road Section

Figure 2-6: Travel Speed Change B/A Quake



Urban Streets

1. Characteristics of Urban Streets

The traffic patterns in both Tsaotun Town and Nantau City are much the same
before the quake. Generally speaking, the traffic volumes are relatively low in
urban streets except at rush hours. Even though traffic is not heavy, traffic speed
is not high due to limited street width and serious street parking problems.
During the 921 great quake’s influenced time period, since there were very few
buildings collapsed, the traffic in Tsaotun Town was not seriously influenced. In
addition, the following 3 days after the quake were officially off, the change of
traffic flow patterns is not significant, the traffic volume for connecting highways
of first day after the quake is slightly decreased, and it is increased a little in the
following two days. On the other hand, traffic volume for urban streets is
slightly decreased.

As regard to the traffic after the quake in Nantau City, due to serious road /
street damage and lane width decrease caused by collapsed buildings, the traffic
volume is significantly decreased, and traffic speed is also decreased.

2. Traffic Congestion Levels in Tsaotun Town

Traffic congestion levels in terms of LOS after 2 weeks of the quake in
Tsaotun Town are shown in figure 2-7, and the change of LOS is shown in figure
2-8.

(1) Description of the LOS's (figure 2-7)
A The links with trunk lines are provincial-level highways, in which Pui-I

Road, Chengkung Road and ChungShin Road are 4-lane highways.
The rest of the links are 2-lane urban streets.

B. In the survey, there are totally 104 link segments being investigated, in
which 15 segments with LOS of A, 18 segments with B, 51 segments
with C, 17 segments with D, and 3 segments with E.

(2) Description of the change of LOS’s after the quake (figure 2-8)

A The segment marked with an “X” represents that the LOS of the
segment degrades one level, two “X” means degrading 2 levels, etc.



Table 2-7 Level of Service Change B/A Quake

Congestion Level | Change of
Road Name Befogre After Rank
No. 3 (¥ #i-F %) B A +1
Chang-Tou Road (& ¥-&1%) A D -3
No. 14 (X &i-3+ @ ) A C -2
No. 148 (Ek-F#k) A B -1
No.3 (Ed&-%i%) A E -4
No.3-1 (E&-%4%) A C 2
No. 14-2 (¥ di-&i%) B E -3
No. 14 (Ed,-352) A E -4
No. 14-4 (& i%-8 %) B C -1
No. 139 ( #4%-3£ 55 ) A B -1
No. 150 (& ix-mF) A B -1
No.3 (& #%-4 1) B D -2
No. 139 (H43-+ &) A E -4
No. 14-2 (&iz-%H) A C -2

Figure 2-7 Level of Service Change B/A Quake in Tsaotung Town

2-12



Figure 2-8 Level of Service Change B/A Quake in Tsaotung Town

For those segments with a thick block line, it means that the link
segments were damaged by fault rupture. Thus, the significant
degrade of LOS are due to fault rupture.

The area with shadow means that there are collapsed buildings in that
specific area.  Since the earthquake damage is not serious,.the urban
street network remains much the same as before. Therefore, the traffic
conditions are similar to those before the quake. The only degrade of
LOS is due to fault rupture, which causes backup queue in some street
segments. The other one is on the way west to Puli due to increasing
traffic demands.



3. Traffic Congestion Levels in Nantau City

The traffic conditions in terms of levels of traffic congestion after two weeks

of the quake are shown in figure 2-9, and the change of traffic conditions is
demonstrated in figure 2-10.

(1) Description of the LOS's (figure 2-9)

A The links with trunk lines are 4-lane, provincial-level highways,

including Nankang 1* Road, Nankang 2™ Road, and Chunshing Road.
The rest of the links are 2-lane urban streets.

L /R
4 3 ‘ b}'“\“"?\
.4-'—‘"‘”. 3 i‘ e ~—
- 3 = , ~
KT ERON—FR B G g ' &
' ‘ p o O %
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Figure 2-9 Level of Service Change B/A Quake in Nantou City



In the survey, there are totally 127 link segments being investigated, in
which 25 segments with LOS of C, 96 segments with D, and 6
segments with E.

The LOS's for most of the links in the study area are at D level.

The main rescue center is located at Nankang Road. The center is the
temporary administration office of Nantau County Government. It
also acts the dispatching, rescue, and resource collection / distribution
headquarter. The city government office is located at the corner of
Tatung Street and Nanyang Road.  This office is for general
administration business and rescue resource collection / distribution
center.

(2) Description of the change of LOS's after the quake (figure 2-10)

A

The segment marked with an “X” represents that the LOS of the
segment degrades one level, two “X” means degrading 2 levels, etc.

Unlike the road damage caused by the quake in Tsaotun Town, for the
segments being investigated in Nantau City, there are no such links
caused by fault rupture.

The areas with shadow mean that there are collapsed buildings in those
specific disaster areas. The damage situations in Nantau City are more
serious.  Almost all the links west to Provincial-3 highway is
influenced by collapsed buildings. After two weeks of the quake,
most of the lanes are closed in view of the potential danger of collapsed
buildings, which results in significant degrade of LOS's.

In spite of the serious traffic conditions caused by lane closure, the
responses collected from the survey in terms of LOS's are general at
level D, with some responses of level E.  This is due to lane closure
control is periodically conducted in case it is necessary based on actual
needs, and the survey was conducted two weeks after the quake,
therefore the traffic pattern becomes stable.  This outcome is
significantly different from that of air photographing data in which
highway condition is generally classified into two types: "in service"
and "blocked".
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Figure 2-10 Level of Service Change After Quake in Nantou City

In the neighboring areas of the rescue center, which are newly
developed space; the buildings are slightly damaged. However, the
LOS's of connecting highways, such as Nankang Road and Changnan
Road are degraded. This is due to increased demands of rescue
vehicles.  Similar situation is found in Nanyang Road, which connects

the rescue center and the city government office.
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Summary

In conclusion, there are several findings surfaced from the proposed research.

They are summarized as follows:

1. There are various factors that jointly influence the prevailing traffic conditions,
such as traffic volume increase, lane width decrease, road damage caused by
collapsed buildings, malfunction of traffic signals, and change of drivers'
behaviors, etc. In short, the patterns of traffic demand and supply have been
significantly changed due to the great quake, which results in the changes of land
use, road surface, and landscape.

2. For the connecting highways being investigated, the general public are more
familiar with provincial-level highways and they are more willing to use these
highways in view of better service due to higher capacity levels, and clearer
instruction of the signage systems. Thus, it is suggested to improve the signage
systems for the rest of the links in the near future.

3. The traffic conditions in the following 3 days of the quake are much the same,
since it is officially off during that specific period of time, and the residents are
usually staying at home to take care of the damage. However, traffic volume is
increased due to the increase of rescue resources flooding into the damaged areas.
This situation returns to normal traffic conditions (before the quake) after 3 weeks
of the quake.

4. The major significance / difference of the research as opposed to other research is
the "time period" vs. "time spot" survey concept. Since lane closure control is
periodically changed with a very high frequency, this research aims to find out
realistic traffic conditions during 2 weeks of the quake. This outcome is
significantly different from those surveys at a specific "time spot", in which the
results are represented by (highway or street) "in service" and "blocked".

5. Since the street width in the urban area is very limited, therefore street parking and
roadside activities usually cause severe traffic congestion. However, even though
there is choice option being designed in the questionnaire stating "road space is
occupied (by street parking or other objects), which results in difficult traffic

movement", there is no response to this specific option.  This is due to people get
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used to the traffic conditions, and take street parking for granted.

6. By the coxhparison of the traffic conditions in both Tsaotun Town and Nantau City,
it is fouﬁd that the traffic conditions in Tsaotun Town are less changed before and
after the quake since it is not severely damaged. On the other hand, the traffic
mobility in Nantau City is significantly decreased due to serious damage by the
quake. Therefore, it is reasonably to infer that the influence of the decrease of

roadway capacity caused by the quake is much serious than the change of traffic

demand patterns.
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Task 3. Micro Level: The Street Closure Condition of
Local Roads — The Case Study in Chi-Chi

Town

Introduction

A large number of inter-city highways and urban roads / streets were blocked
due to the collapse of adjacent buildings and facilities during the Great Chi-Chi
Earthquake in September 1999. The earthquake caused significant damages to a
large portion of Chi-Chi town, especially for the local street network. It is important
to ensure disaster-resilient urban planning by the provision of efficient goods and
people movements during the disaster.

The purpose of this study is to investigate the levels and conditions of street
damage during a large disaster. Data were collected by conducting on-site surveys
(including field and questionnaire surveys) and were compared to those of air
photographic data taken by the government on September 22, 1999. The data of
street damage were further analyzed to find out the factors that affect street closure.
The results of this study are targeted to provide a district street network plan with

minimum functional requirements during a large disaster in a future research.

Scope and Contents of the Study

The scope of this study focuses on urban network systems, including local streets

in the urban area of Chi-Chi town. The major contents of this study are as follows :

1. Closure or isolation of streets is identified by on-site survey and air
photographic results.

2. The factors affecting street closures are analyzed based on the comparison
result.

3. The air photographic and on-site surveys are used for the comparison
analysis.

4. The disaster-prevent functions of street network are proposed for future

study.
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Data Collection

Area of survey

The case study area of this study is focused on Chi-Chi town.

Date of survey

Data was collected from September 1999 to February 2000. The first on-site
survey was conducted on September 24, 1999. Disaster photos were taken and
demonstrated in Appendix A. The supplementary survey was further conducted in
November 1999. The questionnaire (interview) surveys were conducted from

December 1999 to February 2000.

Method of survey

The on-site survey consists of the field survey and the questionnaire (interview)
survey. The air photographic data taken by the satellite center at National Cheng
Kung University on September 22, 1999 were used to identify the levels of street
damage. The analysis of street closure was based on the comparison of on-site

survey and air photographic data.

Data collected

The data collected in the survey are as follows :

. street width

. street length

. damage position (one end, both ends, or middle)
. partial closure (width and length)

. length of complete closure

. limit of height by passing vehicles

. passable by emergency vehicles

. facilities nearby streets (including road trees, sidewalks, walls, and wire poles)

O 00 NN N B W e

. damage levels of collapsed building structure

Process of survey

Chi-Chi town was divided into three survey areas and network links were

numbered. One survey group conducted street width / length measuring and video
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camera and photos taking. The questionnaire survey interviewed local residents who
recalled the situation of street damage back to the Great Chi-Chi Earthquake on
September 21, 1999. Each questionnaire was answered by 1~3 groups of people,
with each group containing five local residents. Each group of people could clearly
state and reach the same conclusion, while asking about the damage of street length,

some respondents provided ambiguous responses.

The Analysis of Street Closure

Factors affecting street closure and levels of street damage
The factors that affect street closure are: 1) street width, 2) structure and stories
of buildings nearby street frontage, 3) existence of wire poles, 4) existence of walls, 5)
existence of street trees, 6) existence of sidewalks. In this survey, it was found that
there were few collapses of wire poles, walls, street trees, and closure of sidewalks.
The major factors resulted in street closure are street width and collapse of buildings.
Levels of street damage are classified into four ranks in this study :
Rankl : almost no damage
Rank2 ° little damage but accessible by emergency vehicles

Rank3 - accessible only by pedestrians
Rank4 : closed to both emergency vehicles and pedestrians

The comparison between on-site survey and air photographic data

All the data of this study were collected from the field surveys. The field and
questionnaire survey results are compared to each other and presented in Table A
(which was processed from Appendices 1 and 2). 140 links of streets are surveyed
on site, but 9 links could not be read in the air photographic data.

Comparison of the data between on-site survey and the air photographic data is
presented in Table 3-1. 23 links are different in length and width of streets(denoted
by “x” in Table 1, 23/140=16%), 4 links are different in width (denoted by “( )" in

Table 1, 4/140=3%). That is, totally 27 links were found different in length or width
(27/140=19%).
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Tablel 3-1 Comparison between on-site survey and air photographic data

No. of Street Length Darnage position Partial closure [Length of complete Accessible by
links | width © closure emergency
@ | o | g | oo [oacae [T vy | | el
24.4% 2.4%

B1 12 | 122 — — | Ox 61% 4.8% — o)
B2-1 8.6 68 — O — ~ — — Unreadable

B3 12 72 — 0 — 24 % 2.4% — 0
B3-1 2.6 148 — 0 — — — - Unreadable

B4 12 44 0 — — 11 % 7.2% — o)

12.8% 2.4%
BS 12 128 — — o) 25.6% 4.8% — 0
16 % 7.2%

B7 12 66 — 0 0 22% 6% - 0
B7-2 | 72 56 0 - 0 18 2 (6) = X
BS-1 | 8 32 0 — — 24 % 4% — 0

C2 13 92 — 0 0 23 % 5.2% — 0

16 3
c7 | 13| 126 | O - 0 20% 7% - 0
16 % 3%

Cc8-1 | 13 74 0 — 0 24 % 3% 44 0
C15-1 | 5.6 34 - 0 0 24 % 3% — X
C15-5| 5.6 74 - 0 0 9% 3% — X
Ci16-2 | 13 70 0 — 0 21 3(7) — 0
Cl6-4 | 84 | 162 — — 0 — — — Unreadable

D4 12 a4 | = 0 0 25 | 1.5(25) = 0

D5 12 102 — 0 0 25 1.5 (4) - 0

D7 12 64 — - 0 18 % 2% — 0

D§ 12 74 0 — 0 10 % 2% — 0

D9 | 146 | 96 — — O 7% 3% —_ o

F5 | 75 | 140 | — — 0 60 2% — 0

F8 | 75 | 112 0 — 0 32k 2% — 0

Gl | 105 | 71 0 — — 8 % 2k - 0

G3 | 105 ] 101 — 0 0 153% 2% — 0

G6 | 104 | 1266 | O — 0 8% 3% - 0

G7 | 105 |2805| O — 0 12 % 3% — 0
Gl11 5.6 126 O — - — - — Unreadable

4 | 124] 32 — — Ox | 14.9% 6.2 % — 0

I5 | 124 58 0 — — | 19.33% 6.2 % — 0

Kd | 85 32 O - - - - - Unreadable

KS | 85 60 — | Ox% - - — — Unreadable

K6 | 85 94 0 — — 97 x 2.8% - 0

M35 2 138 _ - _ - - - Unreadable
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Tablel 3-1 Comparison between on-site survey and air photographic data (1)

d it artial cl Accessible by
I;?C;i(c)f fggteli length amage postion parhial closure length of complete| emergency
XS (m) (m) both closure (m) vehicles
one end| ends | middle |length(m)| length(m) (air photo)
M8 42 72 O — Ok — - — Unreadable
S3 4.2 74 - 0 - - - - Unreadable

Note : ” % “represents available only in air photographic data, “()”represents available in both surveys,
but the data are different. The others (without any symbol) represent that data from both
surveys are the same.

The air photographic data is greater than those of on-site survey area; it is due to
the conservative answers provided by local residents. The accessible width of an
emergency vehicle is assumed to 3.5 meters in this study. There are 3 sections that
could not be accessible by emergency vehicles from the air photographic data but
accessible from the on-site survey (B7-2, C15-1, and C15-5 in Table 3-1). The
difference between the on-site survey and the air photographic data is shown in Table

3-2. Both ends damage of streets is different (9-7=2% ) because some residents
living nearby longer links in length could not recall exactly based on limited

information.

Table 3-2 Differences in closure links between on-site survey and air
photographic data ‘

Surve Damage only |Damage only| Damage only Damage on one end Damage on both
methoc)i/s on one end of | on both ends| on middle of an:i mi%i dle of street ends and middle of
streets of streets streets s streets
Airphotos 22 (17%) 9 (7%) |26 (20%) 21 (16%) 10 (8%)
?&‘r\f:; 23 (16%) |12 (9%) |27 (19%) | 22 (16%) 10 (7%)

3. The conditions of street damage

The relationship between position of street damage and street width is shown in

Table 3-3 and Figure 3-1.

air photographic data.

streets.

middle section of streets has the highest percentage of street damage.

6~8 meters streets have highest percentage of damage.

There is little difference between on-site survey and the
The number of street damage is positively related to width of

Damage only in the

Because

damage only in “both ends” or “both ends and middle” has the lowest percentage,

disaster relief could provide smooth traffic service.




Table 3-3 Cross tabulation of damage position and street width

Street width| Damage Damage Damage | Damage on | Damageon| No.of | No.of
only on one |only onboth| onlyin |oneendand| bothends | damage links
end of street| ends of middle middle of | and middle links

street section of street of street
street
(m) ) @ ©) @ ® ® @
Below 4m
, 1(17%) 3(49%) 1(17%) 1(17%) 000%) |6 [67%] 9
(on-site) .
Below 4m
, 1(20%) 2(40%) 1(20%) 1(20%) 00%) |35 [71%) 7
(air photo)
4~6m
. 3(27%) 1(9%) 1(9%) 3(27%) 3(27%) 11 [65%]) 17
(on-site)
4~6m
. 3(30%) 1(10%) 1(10%) 2(20%) 3(30%) 10 [67%)] 15
(air photo)
6~8m
. 2(13%) 0(0%) 8(50%) 3(31%) 1(6%) 16 [70%] 23
(on- site)
6~8m
_ 2(18%) 0(0%) 7(47%) 5(29%) 16%) |15 [77%) 22
(air photo)
Above
8m(on-site) | 16(27%) 8(13%) 16(27%) 13(22%) 6(11%) |59 [65%) 91
Above 8m
, 16(29%) 6(11%) 16(28%) 12(21%) 6(11%) |56 [64%) 87
(air photo)
Total
(on-site) 23(24%) 12(13%) 27(29%) 22(23%) 10(11%) |94 [67%] 140
Total
22(25% 9(109 26(309 g 9 9
(air photo) (25%) (10%) (30%) 21(24%) 10(11%) |88 [67%]) 131

Note : 1.®=0+0+3+@+®

2.@=®+ number of damage streets
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Total(air photo) |

Total(on-Site)

Above 8m(air photo)
Above 8m(on-Site)

6-8m(air photo)
6-8m(on-Site)

4-6m(air photo)
4-6m(on-Site)

Below 4m(air photo)

Below 4m(on-Site)

0% 20% 40%  60%  80%  100%

Damage only on one end of streets [ Damage only on both end of streets
Damage only on middle of streets A Damage on one end and middle of streets

B Damage on both end and middle of streets

Figure 3-1 Damage position by street width

The relationship between street width and street damage is shown in Table 3-4
and Figure 3-2. Most of the levels of street damage are at rank] and rank2. There
are 4 links at rank4. Regarding the emergency vehicles, there are 11 (=7+4) links
readable from the air photographic data and 12 (=8+4) links from the on-site survey.
Street width of 4 meters locates in rank 3 and rank 4, and closed to emergency
vehicles.  Street width of 8 meters and above locates in rankl and rank2, and all
accessible by emergency vehicles. It is found that streets width between 6 and 8
meters can offer disaster-prevented function. Please also refer to Figure 3-3 and

Figure 3-4.



Table 3-4 Cross tabulation of street width and street damage

) Rank1 Rank2 Rank3 Rank4 NOI of
Street width sections
0) @ )] @ ®
4m]?§:i¥te) 0(0%) 00%) | 667%) | 3(33%) 9
Below
im(air photo) 0(0%) 1(14%) 3(43%) 3(43%) 7
4~6m
(onsite) 6(35%) 9(53%) 2(12%) 0(0%) 17
on-site
4~6m
(e photo) 6(43%) 5(36%) 3(21%) 0(0%) 14
air photo
6~8m
onsite) 7(31%) 15(65%) 0(0%) 1(4%) 23
on-site
6~8m
(s photo) 7(31%) 14(61%) 1(4%) 1(4%) 23
air photo
Above 30(33% 61(67% 0(0% 0(0%
8m(on-site) (33%) (67%) (0%) (0%) o1
Above )
Sm(air photo) 27(31%) | 60(69%) 0(0%) 0(0%) 87
Total
onsite) 43(31%) | 85(60%) 8(6%) 4(3%) 140
on-site
Total
(e photo) 40(31%) | 80(61%) 7(5%) 4(3%) 131
ir photo
Note: O=0+@+3+@
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Total(air photo)

Total(on-site)

Above 8m(air photo)

Above 8m{on-site)

6~8m (air photo)

6~8(on-site)

4~6(air photo)

4~6m(on-site)

Below 4m(air photo)

Below 4m(on site)

0% 20% 40% 60% 80% 100%

rank1

rank? Elrank3 Brank4

Figure 3-2 Street closures by street width
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The damage conditions of collapsed buildings and public facilities could not be
read directly from the air photographic data, we have to reconfirm the conditions via
on-site survey. The relationship between street width and collapsed building
structure / public facilities is shown in Table 3-5 and Figure 3-5. There were a lot of
brick houses collapsed, but wooden houses were relatively less. It was also found
that many collapses of wire poles and walls in the streets whose width are between 6
and 8 meters.

The earthquake has caused significant number of collapsed buildings, which
result in street closure. However, from the analysis results shown in Table 3-5, it is
difficult to identify the effects of building structure to street closure under different
street width. It is necessary to collect more data on street building types and land

uses for further research.

Table 3-5 Cross tabulation of street width and collapsed building structure /
public facilities

St.r et Wooden R.C houses | Brick houses | Wire pole Wall
width houses
Below 4m 1 8 13 4 0
4~6m 0 6 15 9 0
6~8m 0 3 54 34 4
Above 8m 0 86 108 22 0
Total 1 103 190 69 4
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[0 Wooden houses B R.C houses N Brick houses

Figure 3-5 Street closure classified by collapsed building structure
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Summary

This study focuses on street closure survey during the Great Chi-Chi Earthquake.

Some preliminary concluding comments are summarized as follows :

1.

The arterial roads whose width are 12 meters and above in Chi-Chi town could
provide traffic functions of disaster relief. Most of the streets with widths of 2
meters are blocked during the earthquake.

For those streets with widths greater and equal to 8 meters, the damage conditions
are located at rankl and rank2. It means that these streets are accessible by

emergency vehicles.

. There are 20% (=27/140) difference in comparison the on-site survey with the air

photographic data. Theoretically, air photos provide accurate reference, but 9
links remain unreadable and are required reconfirmation. When residents answer
the questionnaires, most of them provided their answers conservatively.

There is a significant amount of damage links shown in wider streets, the
percentage of streets damage with the width between 6 and 8 meters is the highest.

Generally 70% of damaged streets in Chi-Chi town caused serious traffic problems

in providing fundamental transportation functions.

Very few streets are blocked by collapse of wooden houses. Most of the streets
are closed due to collapse of R.C or brick houses.

11 streets could not be accessible by emergency vehicles, but the street network
still functions well.

The study finds no isolation area in Chi-Chi town.
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Appendix

Figure A No. In Chi-Chi
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Tablel Data collected in Chi-Chi town from on-site survey

No. of  |Street Length Damage position Partial closure Length of Accessible by
links width ( m) |Oneend|Both |Middle |Length width complete emergency
( m ) ends ( m) ( m) closure ‘ vehicles

( m ) (air photo)

Al 7 194 — - O — — — O
A2 7 88 — — O 30 3 — o
A3 7 112 O — — — — - O
Ad 7 78 — — — — — — O
AS 7 194 — — O 30 3 — O
A7 8.5 74 — — — — — — O
AT-1 6.4 78 — — - - - — O
A7-2 | 64 84 — — O 20 1.5 — O
A7-3 | 64 125 0 — — — — — O
A8 8.5 198 — — O — — — O
A9 8.5 404 O — — — — — O
Bl 12 122 — - — — — — O
B2 12 84 O — — — — - O
B2-1 8.6 68 - O - — - — O
B3 12 72 — O — — — — 0]
B3-1 2.6 148 — O — — - — X
B4 12 44 O — — — — — O
BS5 12 128 — - O — — - O
B5-1 5.6 90 O — — — — — O
B6 12 192 O — O — — — O
B6-1 9.5 198 O — O — — — )
B7 12 66 — O O — — — 0]
B7-1 8 74 — — O — — - O
B7-2 | 7.2 56 0 — O 18 2 — O
B7-3 | 72 48 — — — — — — O
B8 12 34 — — — - — — O
Bg-1 8 32 O - — — — — O
B8&2 | 7.2 52 — — O — — — O
Cl 13 166 0 — 0 — — — O
C2 13 92 — O O - — — O
C3 13 136 — O O — — — O
C4 13 128 — O — — - — O
CS 13 188 — O — — — — O
C6 13 144 — O — — — — O
C7 13 126 0] - O 16 3 — 0)
C8 13 34 — — — — — — O
C8-1 2 112 — — — — — 44 X
C9 13 74 O — O — — — X




No. of Street Length  |Damage position Partial closure Lengthof | Accessible by
links width (m) [Oneend[Both |Middle [Length width complete emergency
( m) ends ( m) ( m ) closure ) vehicles
( m ) (air photo)

Cl10 13 38 — - — — — — O
Cll1 13 108 O — O — — — O
Cl5 13 100 — — — — — — O
Cls-1| 5.6 34 — O O — — — O
Cl5-2| 5.6 44 O — O — — - O
Cl5-3| 5.6 483 O — O — — — O
Cl5-4 | 3.2 72 O — — — — — X
Cl5-5| 5.6 74 — ) O — — — )
Cle-1| 13 68 O — O — — — O
Cle-2 | 13 70 O — O 21 3 — O
Cl16-3 5 108 — O O 16 3 — X
Clo-4 | 84 162 - — 0] — — — O
Cle-5| 84 62 — - — — — — O
Cl6-6 | 8.4 258 - - - — — — O
Cl7 32 | 1048 | — — O — — — X
Cl8 3.2 116 - — — — — - X
C19 | 104 142 O — 0 - — - O
Dl 12 66 O — — — — - O
D2 12 74 - - - - — - O
D3 12 32 — — - — — — 0]
D4 12 44 — 0] O 25 1.5 — @)
D5 12 102 - o) O 25 1.5 — o)
D6 12 76 — — 0 31.2 1.6 — 0
D7 12 64 - - O - — — O
D8 12 74 O - O - — — O
D9 14.6 96 — - — — — — O
D10 | 146 | 176 - — O - - - O
D1l 14.6 114 - - O — - — O
Dl4 2.7 120 O — O — — 31 X
D15 6.7 186 O — O — — — O
D16 6.7 128 — O O — — — O
D17 5.6 108 — — — — — — O
El 14.6 216 — — O — — — O
E2 14.6 66 — — — — — — O
E3 146 | 210 — — O - — — O
E3-1 | 146 | 159 — — O — — — O
E4 146 | 162 — — O — — — O
ES 146 | 186 0 — — — — — O
E6 14.6 154 — - — - — - O




No. of  |Street Length  |Damage position Partial closure Length of | Accessible by
links width ( m) [|Oneend|Both  Middle [Length width complete emergency
( m ) ends ( m > ( m ) closure vehicles
( m ) (air photo) )
E7 14.6 g4 — - - — — — O
F4 7.5 68 O — 0 — — — O
F5 7.5 140 — - O — — — )
F6 7.5 46 O — O — — — 0]
F7 2 144 — O — — - — X
F8 7.5 112 O — O — — — O
F9 7.5 112 — — — - - — O
F10 7.5 156 — — — — — — O
Gl 10.5 71 O — — — — — O
G2 10.5 | 525 — — O — - — O
G3 10.5 101 O 0 — — — O
G4 104 | 622 - — O — — — O
G5 104 | 533 — — — — — — o
G6 104 | 1266 | O - O — — — O
G7 105 | 2805 | O — O - — — o
G8 10.5 182 — — O — — — O
G9 10.5 60 — — — — — — o
Gl1 5.6 126 O — — — — — O
Gl12 5.6 140 — — O 5 0.5 — O
Hl 12 240 - — O 92 4 — O
H2 12 182 — - — — - - O
H3 12 108 O — — 24 2 — O
11 124 110 — — — — — — O
12 124 | 109 O — — — — — O
I3 124 | 184 — — — — — — O
4 12.4 52 - — - — - — O
I5 124 58 O — - - — - O
J1 12 112 - — — — - - O
J2 12 136 — - — — - — O
J3 12 64 — — — — — — O
K1 8.5 94 — — - — — — O
K2 8.5 166 — — - - — — @)
K3 8.5 164 — — — - - — O
K4 8.5 32 O — - — - — O
K5 8.5 60 — O — — — — O
K6 8.5 194 O — — - — — O
K7 8.5 92 — — — — — — O




No.of | Street | Length Damage position Partial closure Length of | Accessible by
links width ( m) |Oneend| Both | Middle | Length width complete emergency
( m ) ends ( m ) ( m ) closure \{ehlcles
( m ) (air photo)

Ll 105 | 364 — — o) — — — O
L2 10.5 28 0 - — — — — O
L3 10.5 122 o) - — — — — O
L4 10.5 92 — — — — — — O
L5 10.5 52 — — — — — — O
L6 24 146 — O — — — 12 X
L7 10.5 126 — — — — — — O
M3 12 78 0] — — — — — )
M5 2 138 — - — — — — X
M7-2 | 8.5 144 O - - — — — O
M8 4.2 72 O — O — — — O
M9-1 | 85 200 O — O — — — O
MI2-1| 5.6 78 o) — — — — — O
MI2-2| 5.6 120 — - — — — - O
M12-3| 5.6 162 — - — — — — O
M13-1| 5.6 84 - — — — — — O
M13-2| 5.6 112 — — - — — - O
Ml14-1| 64 174 — — O — — — O
Ml14-2| 64 82 — — O — — 32 X
Ml14-3| 64 182 - - — — — — O
Ml6-1| 4.2 84 — — — — — — O
Q 7.7 192 — — — — — — O
S 8.5 62 O — — — — — O
S1 8.5 84 — O — 12 1.5 — O
S2 8.5 49 — O — 12 0.5 — O
S3 4.2 74 - O — 18 1 — X




Damage on one end of the street Damage on both ends of the street

N ] [

Damage in the middle section of the street complete closure




Table2 Data collected in Chi-Chi town from the air photos

Np. of St}'eet Length Damage position Partial closure Length of | Accessible by
links | width ( m ) Oneend| Both | Middle Length ( m ) width ( m | complete emergency
( m ) ends closure vehicles
( m ) (air photo) )
Al 7 194 — — 0 - = - 0
A2 | 7 88 — — 0 30 3 — 0
A3 | T 112 0 — - - - - 9]
Ad | T 78 — - — — — — 0)
As | 7 194 | — — 0 30 3 — 0]
A7 | 85 74 — - — — — - 9]
A7-1| 64 78 — — — — - - 0
A7-2| 64 84 — — 0 20 1.5 — 0
A7-3] 64 | 125 | O — — — - — 0
A8 | 85 | 198 | — — 0 - - - 0
A9 | 85 | 404 | O — - = = — 0)
Bl 12 122 — — 0 244,61 2448 - 0
B2 | 12 84 6] — — — — — 0
BR2-1| 8.6 68 - - - — - — Unreadable
B3 | 12 72 — 0 - 24 2.4 — 0
B3-1| 2.6 148 - - - — - _ Unreadable
B4 | 12 44 0 — - 11 7.2 — 0]
B5| 12 | 128 | — | — | O [12.8,256,16[2.4,4872 — 0
B5-1] 5.6 | 90 0 - - — - — 0
B6 | 12 192 0 - 0) - - - 0
B6-1| 9.5 198 0 — 0 — — — 0
B7 | 12 66 — 0 0 22 6 0
B7-1] 38 74 — — 0) - - - 9]
B7-2| 7.2 56 0 - 0 18 6 X
B7-3| 7.2 48 — — — — - — 0
Bg | 12 34 — — — — — — 0
B8-1| 8 32 0 — — 24 4 — 0
B8-2| 7.2 52 - - 0 — - — 0
Cl 13 166 0) - 0 — — — 0O
c2] 13 92 — 0 0 23 5.2 — 0
C3 13 136 — ) 0) — - — )
C4| 13 128 | — 0 - - — - 0
cs| 13 | 18 | — 0 - - — - 0
ce | 13 144 | — 0 — - — - 0
c7| 13 126 0 - 0 16,20,16 3,73 - 0
cg | 13 34 — — — — — - 0]
Cs-1] 2 112 | — - - - — 44 X
co| 13 74 0 — 0 - - - 0




No. of Street | Length Damage position Partial closure Length of | Accessible by
links width ( m) |Oneend Both |Middle | Length width complete emergency
< m ) ends ( m ) ( m ) closure v.ehxcles

( m ) (air photo)
Cl10 13 38 — — - - — - 0
Cll 13 108 0 — 0 - - — 0
C15 13 100 - — — — - — 0
Cl15-1] 5.6 34 — 0) 0 24 3 — X
C15-2| 5.6 44 0 - 0 - - - 8
C15-3| 5.6 43 0 — 0 - — - 0]
C15-4| 3.2 72 0 — — - - — 0]
C15-5| 3.6 74 - 0 0 9 3 — X
Cl6-1 13 68 0 — ) — — - 0
Cle-2| 13 70 0 - 0 21 7 — )
C16-3 5 108 — 0 0) - - - 0

Cl16-4 8.4 162 - - - - — — Unreadable
Cl6-5| 84 62 — — — — — - 0
Cl6-6| 8.4 258 - — — — - - 0
C17 32 | 1048 | — — 0 — — - X
C18 3.2 116 — — - — — - X
C19 | 104 142 0 - 0 - — — 0]
D1 12 66 0] — — — — — 0
D2 12 74 - - - - — — 0
D3 12 32 — — — — — — 0
D4 12 44 — 0 0 25 2.5 - 0
D5 12 102 — 0 0] 25 4 - 0
D6 12 76 — — 0 31.2 1.6 — 0
D7 12 64 — — 0 18 2 — 0
D8 12 74 0 - 0 10 2 — 0
D9 14.6 96 — — — 7 3 — 0
D10 | 14.6 176 — - 0 - - - 0
D11 14.6 114 — - 0 - — - 9]
D14 | 27 120 0 - 0 ~ — 31 X
D15 | 6.7 186 0 - 0 - - - 0
D16 6.7 128 — 0 0 - - — 9]
D17 5.6 108 — — — — — — 0
El 146 | 216 — - o) - — = 9]
E2 14.6 66 — — — — - - 0
E3 14.6 210 — = 0] - - — 0]
E3-1 | 14.6 159 — — ) - - - )
E4 146 | 162 — — 0 - — — 0
E5 14.6 186 0 - — 60 2 — 0
E6 14.6 154 - — — - - — 0

[
<




No. of Street Length Damage position Partial closure Length of | Accessible by
links width ( m) |Oneend| Both | Middle | Length width complete emergency
(m) ends (m) (m) closure vehicles

( m ) (air photo) )
E7 14.6 84 — — — — - - )
F4 1.5 68 0 — 0 - - - 0

F5 7.5 140 - - - — - “ Unreadable
Fo6 7.5 46 0 - 0 - — — 0
F7 2 144 - 0 — - - — X
F8 7.5 112 0 — 0 32 — 0
F9 1.5 112 - — — — — — 0
F10 7.5 156 — — — — - — 0
Gl 10.5 71 — — 8 2 — 0
G2 10.5 | 52.5 — — 0] - - - 9]
G3 10.5 101 - 0] ) 15 2 - )
G4 104 | 62.2 — - 0 - - - 0]
GS 104 | 533 — — — - - - 0
G6 104 | 1266 | O - 0 8 3 — 0
G7 105 | 2805 | O - 0 12 3 — 0
G8 10.5 182 — — o) - - - 0
G9 10.5 60 — — — — — - 0

Gl1 5.6 126 6] - — "“ — — Unreadable
Gl2 5.6 140 — — 0 5 0.5 — 0
HI 12 240 — 0] 92 4 - o)
H2 12 182 - — — — — - 9]
H3 12 108 0 - - 24 2 - 0]
Il 124 110 - - - — — - 0)
12 12.4 109 0 - — - - - 0
J K] 124 184 — — — — - - 0]
14 12.4 52 - — — — - - 0]
15 12.4 58 0 - — 1 1933 6.2 - 0
J1 12 112 - — — — — — 0
J2 12 136 — — — — — 0
J3 12 64 — - — — — - 0
K1 8.5 94 — — — — — — 0
K2 8.5 166 — — — — - - O
K3 8.5 164 — — — — — — 0

K4 8.5 32 - - - — — - Unreadable

K5 8.5 60 - - - — - - Unreadable
K6 8.5 194 — — 97 2.8 — 0
K7 8.5 92 — — — — - - 0
L1 10.5 | 364 — — 0 - — - 0]
L2 10.5 28 — - - - - 0
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No. of Street | Length Damage position Partial closure Length of | Accessible by
links width ( m ) Oneend| Both | Middle| Length width complete emergency
(m) ends (m) (m) closure vehicles

( m ) (air photo)
L3 10.5 122 0 — - — - - 0
L4 10.5 92 — — — - — — 0
L5 10.5 52 — — — — - — 0
L6 2.4 146 — 0 — — — 12 X
L7 10.5 126 — — — — — — 0
M3 12 78 0 — — = — — 0

M5 2 138 — - - '“ _‘ — Unreadable
M7-2 | 8.5 144 0 — - — — - O

M8 4.2 72 - - - - — "’ Unreadable
M9-1 | 85 200 0 - 0 21 4 — )
Mi2-1| 5.6 78 0 - - - — - 0
MI2-2| 5.6 120 — — — — - — 0)
MI12-3| 5.6 162 — — — — - - 0
Mi13-1| 5.6 84 — — — - — - 0
Mi13-2| 5.6 112 — - — - - — 0
Ml4-1| 6.4 174 - - 0 - — - 0]
Mi14-2| 64 82 - — 0 - — 32 X
Mi14-3| 64 182 — — — — — - 0
Mi6-1| 4.2 84 — — — — - - 0
Q |1l | - -1 -1 = — - 0
S 8.5 62 0 — — - — - 0
S1 8.5 84 - 0 - 12 1.5 — 0]
S2 8.5 49 - 0 — 12 0.5 — )
S3 4.2 74 — 0 - 18 1 — X
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