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Fig. 3 Planning factors 

3. System and Data Processing 

Item 10. Vehicle velocity for pranning 

Class Velocity for planning (km/h) 

First 40 or 30 

Second 30 or 20 

Third 20 

Item 15. Curve radius 

Velocity Radius (m) 

40 60 40 

30 30 20 

20 15 12( 8) 

Item 20. Profile gradient 

Velocity Profile (%) 

40 7 10 

30 8 12 

20 9 14 

Fig. 2 Specification for construction of forest 
road 

Fig.4 shows the system flow chart used for s study for 
is the cons a forest road. 
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In the f stage, 
approach are needed. 
to be encountered in each 
cleared and related and 
at the same time be collected, such as 
maps and reports. Adding to the conventional 
photo images of remote sensing techniques from airplane and sate
llite also provide very useful information. But these data are 
arranged in a certain fixed list and must tabled in a 

inventory data. 

Secondly 
arranged program 
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data the 
to the natural 
mesh data. Files 
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into the details neces 
for each relationship. For 
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unit area and sunshine ,etc. and the 
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of anlys in proportion to percentages. 
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condition tables, called" ion Tables" 
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form of a topographic map, water flow map ( river system map), 
landslide map. vegetation map. soil map and geology map. They 
are shovln in the basic data of first column in Fig" 5" 

Basic Data Primary Processing Primary Evaluation Secondary Evaluation 

Map showing 
area of Landsl ides 

- of Ground Pr\)(1uct.i ---} If''~~''--~-;------l-- EvaluatIon 
Ground EJ('vnliol1 Value Sheet of 
Slope Analysis- Land Use 

_ Soi 1_. _. ___ . __ Prohabi I i ty 

Evaluation valW.' .Sheet:rf. . .~ .. --~-----
. Danger Probabi I f.y by Land 

Slide 
Slope Analys;;----- .~=.v;luati~-;;-
Vegetion Value Sheet 
Geology of Fore,st 

Protection 
Eveluation Value Sheet of 

Map showing 
number of Landslides 

Vegetation Protection 

Natural Grade Classification 
Vegetation Classification by 
Elevation Range 

Fig.5 Environment analysis by computer 

E~pecially, the map showing the number of landslides \'lere 
completed in 1974 using areial photos at a scale of 1/20,000 and 
on the aerial photographs at a scale of 1/20,000 taken by the 
Government Forest Agency, landslide areas occupying more than the 
1 mm X 1 mm on the photos were interpreted. 

4-2. Preparation of mesh data 

To store each type of data in the computer, the test was 
divided into square meshes consisting of one unit 450 m X 575 m 
and each legend data of the basic map was read within each area 
mesh and denoted by numbers. 

(1) topographic map -minimum ground elevation reading 10 meters 
at the center of one unit mesh. 

(2) Geology map - from first to third rank in order of geological 
calssification occupied in one unit mesh. 

(3) Landslide frequency map - map showing number and area of 
landslide. 

(4) Vegetation map - from first to third rank in order of area 
occupied in vegetation classification in one unit area. 

(5) Soil map - from first to third rank inorder of area occupied 
in soil calssifocatipn . 

(6) Water flow map - density of mumber of valleys~ ( river 
system map ) 

4-3 .. Formation of Data 

Various basic map data can be input into the computer, each 
file in a matrix-form, known as a unit data file. The drawing by 
the line printer can be called a computer map as shown in the 
following figures. 

T~ere are inclination slope analysis map, slope direction 
analysl~ map, valley density map, map showing number of landslide, 
ve~eta~lon map, soil map and geology map. From this topographic 
unlt flle, slope analysis, direction map and sunshine energy map 
were outputted by the computer. 
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Fig.6 Slope direction 
analysis map 

Fig .. 7 Slope analysis map 

Fig. 6 shows slope direction 8 directions, gray tones 
show, north the darkest and south the lightest. Westerly direc
tions are shown lighter than easterly directions, since late 
afternoon sun is a greater attribute than early morning sun for 
most 
data 

activity. The following shows the frequency distribution of 
in each direction. 
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Fig .. 8 Frequency of directions 

Level 
2 
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5 
6 
7 
8 
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Direction 
north 
northeast 
east 
southeast 
south 
southwest 
west 
northwest 

of Fig .. 7 shows slope analysis in 10 levels with a range 
9.33 e~ch level, X signal is the steepest,lower numbering shows 
gentle and number 1 is the gentlest. Fig .. 9 shows frequency dis
tribution of each level. 
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Fig.9 Frequency slope level 

4-4. Correlation of Unit Data 

The computer map file can be used for correlation analysis 
of each unit data file. The final purpose of environmental eva
luation by computer is to determine the potentiality of land use 
and forest protection which can be shown as primary evaluation 
in the former figure of envirnmental anlysis by computer. 

They are explained 
categories. 

(1) Evaluation of danger 

the following divided into three 

probability of land slide by correlation 



(2) Evaluation of 
(3) Evaluation of 

The evaluation of (1) can be 
graphic slope, geology, 
frequency which are considered 
rence. The evaluation of (2) 

from the unit e topt-

and land use probability which have 

tribution of landsl 
factors for landslide occur

to ground productivity 
done by using the data 

file on soil, topography, slope 
soil classification can be calss 
dard of the soil product 
tion grade which is 

and ground elevation. The 
by calss 

adding the 
stan

eleva-

The evaluation of (3) was , ground 
elevation and sun was classified by 
the natural grade Environmental 
Agency of the Government. In of vegetation 
distributed several on , natural 
grades of the ground cons scal distri-
bution of ground were decided. Moreover, sun shine 
energy calculated from the lination and direction of the unit 
area on the inclination was the essential factor for evaluating 
the ecological and practical engineering s of the existing 
field vegetation during construction and thus the evaluation of 
forest protection and land use probability were completed in the 
secondary evaluation process. 
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Fig.IO Land slide frequency Geolog distribution 
distribution 

Fig.IO and fig.ll show the graphical of basic map 
data like in fig. 6 and 7. These are called the computer mapping 
which can be used for the total evaluation, the others are vally 
density map,vegitation and soil map. The evaluations mentioned 
in 4-3,are analized by combining the basic map data using comput
er. The basic map data are important for the integrated environ
mental evaluation to dicide the weight value. 

map 
The 

data 
followings are 
that were used 

the graphical distribution of 
for weighing of evaluation. 

the basic 
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Fig.12 Relationship of altitude 
and vegetation specimen 

Fig.25 Altitude vegetation 
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Fig.13 Relationship of slope 
and landslide occurrence 
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Fig. 26 Land slide-slope 
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F~g .. 14 Relationship of geology Fig .. 15 
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5. Environmental of 

As explained 
the relationship of 

article, mesh maps and 
of natural 

prepared 

and 

Weight 5 4 :) 2 1 0 

Slope C%) 40---70 30----40 70< 30> 

Vegetation 6 8 1 4, 5 2, 3, 7 9 --12 

Geology 8, 6 7 1 4 5 

Fil .. 1 6 Su er osi' n of p P t10 alua' r 'Ii ev t10n of dange probabl ty by land slIde 

Slope grade 

Landslide frequency 

Number of mesh 

Landslide outbreak ",."Ih"hilitu 

* Landslide outbreak probability = Landslide frequency/number of mesh 

F .. 17 Landslide frequency & landslide outbreak probability 

Geology grade 2 3 4 5 6 7 8 

Landslide frequency 

Number of mesh 

Landslide outbreak probability 

.. 18 Landslide frequency & landslide outbreak probability 

Vegetation grade 

Landslide frequency 

Number of mesh 

Landslide outbreak probability 

Fig .. 19 Landslide frequency & vegetation 

In these figures, the evaluation value ( ranks 1 to 5 ) is 
regulated by each statistic distribution data. For example, 
deciding the evaluation value of landslide occurrence probabi , 
the cause factors of landslides such as slope, , vegetation 
etc. are surveyed statistically as sed the former es. 



Fig .. 21 Evaluation value sheet of ground productivity 

Fig to 2 0 Evaluation value sheet of danger probability by land slide 

I-:-~::;;;~I 
I 2 Fairly High 
I 

I t§:j§ 3 Medium 

4 Fairly Law 

D 5Law 

Fig.20,Fig.2l and Fig.22 show the 
result of correlation analysis of 
basic unit file shown at article 
4-4. 

From these data, the four 
selected roads, the correlation 
values are calculated as shown in 
Ftg. 23 and 24. These were calcu
lated for the total length of each 
route and total meshes which the 
preliminary routes expect to pass. 
There if one unit evaluation value 
which is closely related to the 
cost of construction and a little 
different from the total evalua-
tion value. Fig.22 

From the final grade of integrated 
evaluation, per unit mesh and per one 
kilometer, C route is the best followed 
by A route. From the evaluation value 
sheet of land use probability and forest 
protection, the best is C route followed 
by D route .. 
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Evaluation value sheet of vegetation protection 
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To clarify the loca1 character to generalize this system 
the evaluation value sheet of land use probability and forest 
protection were drawn by automatic drafter. These are shown in 
Fig.25 and 26. The final route selection from anlysis of computer 
data considering the natural environmental conditions was decided 
as C route .. 

6 .. Conclusion 

The pattern classification by computer has played an impor
tant role for environmental evaluation of civil engineering pro
jects ad shown in this paper. But there are various problems which 
must be solved if this method is to be applicable systematically 
through the final ~tage of construction using the multispectral 
data. Since only a fundamental solution for evaluation study by 
pattern classidivation for evaluating the effect of civil engineer
ing projects has been given, we must perform more research in order 
to find integrated techniques in considering economical and easily 
applicable conditions. 

Route 

Evaluation value of ground 
productivity 

Evaluation valuf of danger 
probaoility by land slide 

Total 

A B 

Fig .. 23 Evaluation value of ground 
Evaluation value of danger 
by land slide 

Route /AIBICID 
Evaluation value of ground 
productivity 1246122612251246 

Evaluation value of vegetationl 1581 1351 1261 132 
protectIOn 

Total I 404/ 361/ 3511 373 

Fig .. 24 Evaluation value of ground productivity I 

, Evaluation value of vegetation protec
tion 
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....---- .. ---I ! E"I",ti" Vegetation Danger Value for 
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Protection Probability Simbol Protection 

A High High 
(Eva. 1-2) (Eva. 1-2) --I--' 

& B 
High Law 
(Eva. 1-2) (Eva. 3-5) 

C Law High 
(Eva.3-5) (Eva. 1-2)' 

0 D 
Law Law 
(Eva. 3-5) (Eva. 3-5) 

q __ ~_~.,--.2 km 

Fig .. 25 Evaluation value sheet. of foresy protection 
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Law Law 
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Fig .. 26 ;.50 Evalation value sheet of land probability 
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