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FOREWORD

The first step in the modernization of Japan was taken with the Meiji Restoration in 1968. The new
government was urged to strengthen national power. It can be considered that infrastructure improvement playd a
important role as the basis for national construction. The government introduced advanced foreign technology,
educated engincers in the field of civil enginecring, promoted R&D applicable to the natural, socio-economic
conditions in Japan, and carried out the development of original technology, in order to realize effective
infrastructure improvement.

It is recognized that the utilization of natural and human resources, and the reformation of introduced
technology to fit the natural and social conditions of the country is important. Therefore, uniquely Japanese

R&D is required.
' PWRI was established in 1922 as the Civil Engineering Laboratory of the Ministry of Interior, and attained
its 70th year in 1992. Initial activitics focused on experiments for road material. Many departments such as
carthquake, river, erosion control, bridge, road, machinery, construction methods, and sewage were established
one after another in accordance with the continuously changing the socio-economic demands. PWRI has
achieved much through R&D. '

This paper describes the role of infrastructure investment in the economic growth of Japan, the history of
PWRI's research and development activities concerning effective infrastructure imp‘rdvement, the tendency of the

economy and society in Japan, and the perspectives of PWRI's research in the near future.

Yukihiko SUMIYOSHI
Director-General

PWR], Ministry Of Construction, Japan

Kenji SUZUKI
Planning and Administration Dept.
' and .
Katsura HIRABAYASHI

Planning and Administration Dept.



1  ECONOMIC GROWTH IN JAPAN AND INFRASTRUCTURE INVESTMENT

Since the Meiji Restoration (1968), the Japanese economy has been dcvelopmg rapldly, especxally
since the end of World War 2. This is a ren_larkable fact in World economic history. This economic growth
was often called a "Miracle recovery", Many economists have analyzed the reason for this economic
- growth as the success of economic pollcy, aggressive investment by private company, diligent Japanese

character, advarnice of technology, and low- mnlltary spending. However, although Japanese military budgets
have been smaller than those of the other advanced countries, it would be difficult to achieve such rapid
: 'growth without proper publlc mvestment This chapter descnbes the role of mfrastructure investment in

R Japanese economic growth,
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1-1 ECONOMIC GROWTH IN JAPAN AND INFRASTRUCTURE INVESTMENT

The new government of the Meiji Restoration tried to prevent invasion by Western countries through the
concentration of national power in the goverhmeut and by the modernization of industry. The government
therefore gave first priority to railroad construction and river improvement for transportation. However, there was
little technological background concerning these in Japan, therefore, er\gineers of western countries were invited
to complete the construction. In 1973, the first railway from Shinbashi, Tokyo to Yokohama was built under the
guidance of foreign engineers.

For the industrialization of Japan the government imported western technologies, for example, steel plants,
machines, and steam engines. Japan has been fortunated concerning national industrialization. The Japanese
government promoted the production and export of sil’k ‘to prevent a species crisis through excessive imports. At
that time it was usual for the Japanese economy to be in a trade deficit because of unfair customs treatics with
western countries. ‘

This industrialization necessitated a sufficient supply of energy resources. As coal mines developed in
mountain areas, building of railways urged transportation of large amount of coal. It is said that the construction
of a national rail network facilitated Japanese industrialization. From 1840 to 1870 the silk industry in Europe
was heavily damaged by disease of silkworm. Therefore, Japan faced a boom in silk exports. A low price for
silver in the period from 1885 to 1895 raieed the imported goods price, and it protected domestic industries and
promoted exports to the foreign couutries uuder gold specie system. Asa whole, it seem the policy for
industrialization was a success. '

In Japan, before the Meiji restoration, the economic center was in Osaka and the political center was in
Tokyo. Therefore, the line from Tokyo to Osaka necessarily became the major traffic and communication system.
In addition, because the largest coal mine was found out in northern Kyushu Istand and the first steel plant was
built there (1901), so the line of Tokyo-Nagoya-Osaka-Kyushu became the first land axis. The land axis had an
advantage in that the pacific ocean could be used as large sea lane that connected Japan to foreign countrics
through its many natural harbors on Japan's pacific coast. Figure 1-1-1 shows the national land axis of industry.
Expansion and developnrent of industry concentrated along the land axis. Figure 1-1-2 shows the total distance of
the railway network. In 1907 (late Meiji era) the length of railway reached up to 7,884 km, showing rapid
development of Japan's railway network. -

On the other hand, low water improvement for rivers to obtain river transportation did not contribute
enough to flood prevcn‘tion This resulted in frequent flood disasters in agricultural areas. Therefore, the
govemment changed the policy to hrgh water |mprovement to prevent ﬂoods after reahzmg railway transportation
has a much larger capacrty than river transportauon Figure 1-1-3 shows the budget of infrastructure investments
in laps of time. A victory in the Smo—Japanese War (1894 1895) generated enough money for infrastructure
investment, however, the Russo-Japanese War (1902 1903) reduced the budget for infrastructure investment

sharply. This is a typical example of the disadvantage of excessive military spending.
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Fig. 1-1-3  Growth of GNP and Infrastructure Investment.

Another ‘war ‘inflaence” on mfrastructure mvestment can be seen’in Figire 1-1-3. ‘During World War I, the
Japanese economy Was thnvmg becausc of large export of war goods to western countries, however, after the war
ended in 1918, a reactlonary recessron h1t the Japanese economy for a short tirme.

The first Road Law of Japan was formulated in 1920, Before World ‘War I major traffic investment of Japan
had been concentrated in rarlway development howeVer, the usefulness of car traffic became apparent during the
'recovery from the Great Kanto Earthquake and World War I, T his led to an increase in road investment and the
' formulatron ofa Road Law. Investment for road development became larger than that of railways by the 1930s.
“The world economy crisis (1932) hit the Japanese economy especially i in the country side where the major

mdustry was agnculture The national government created a countermeasure to high unemployment by applying a
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large amount of investment to road and rivér improvement. The first Road Law, second and third Flood Control
Progran);s formulated at that time were remarkable policies in Japanese history. However, because those programs
were without any financial guarantee, they were reduced or discontinued when Japan faced the Manchurian
Incident and the China Incident. . 7

During World War IIlhc first priority was given (o the military budget. The productivity of industry
became sharply smaller than that of thé_prcwar period. Japan was often victim to flood disasters by typhoons
after the end ‘of Wa. 'I“iie:émphasis on mil‘i*ia"ry investment was one of the reason for the disasters. Investments on

river improvement were temporarily inicé¢ased just after World War 11 (o aid in the recovery of ‘areas affected by

these disastérs (see Figure 1-1-4)..
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- The turning point for the post war Japanese economy was the Korean War boom. Stimulated by the war,
demand for strategic goods soared sharply in the major countries of the world, lifting the Japanese economy out
of a recession into a boom. For meeting-the demands created by the boom the newest type industrial facility was
imported.:The boom necessitated a supply: of electricity to industries through. the construction of a large size dam
such as Sakuma Dam.- ‘ o C |

In 1954 Japan had fully recovered: from the damage of the war because the GNP-had reached the same
level as that before the wat. ‘

The next tuniing point for the Japanese economy was-the "Income-Doubling Program” formulated in 1960.
The government developed five-year programs in infrastructure investment supported by financial laws and
economic policies. These policies resulted in an aver_dge GNP growth rate of 10% in ,thé:temi of 1960- 1970.

It should be noted that included i this program were construction of highways and Shinkansen railway.
The first five-year plan for road construction was developed in 1954, and the second was developed in 1958, The
constructlon of expressways started m the third ﬁve-year program. Today . 1t is planned that 14, 000 km of high



graded expressway network will be completed in 2010 in the eleventh five-year plan as shown in Figure 1-1-5.
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Fig. 1-1-5 High-Graded Trunk Road Network.

Before World War II, Japan' developed a plan‘for a bullet train'which would run at the speed of 200 km/h
from Tokyo to Manchuria by way of the Korean peninsula. However, the project was discontinued when World
War II began. This project réappeared after the war, because unexpected rapid economic growth seeied to test the
capacity of the Tokaido Railway connecting Tokyo with Osaka. The Tokaido Shinkansen was completed idl964"
as the next important axis, It is recognized that this led'to a trend toward fast transportation. After that, the
shinkansen network reached Sanyo, Joetsu, and Tohoku district. Figure 1-1-6 shows the presént shinkansen
network. In addition, the reason for a sharp decrease in investment for railways, is the' movement toward
reconstruction of national railway organization. In 1987 Japan National Railway divided. among prlvate
companies. :

In 1972 Japan had the second largest GNP in the world, created by this rapid economic growth. However, a
Dollar-Shock (1971) and an Oil-Shock (1973) stopped this rapid ‘économic growth. The: Japanese economics
system was forced to change’its structure, and the hxgh -rise in oil pnces led to a'rise in” market ‘prices. - The
Japanese economy shifted to "stable economic growth”.- ' -

Some distortion caused by this'rapid economic growth was observed in' the 1970s. Itai-Itai disease and

Minamata disease were caused by factory waste. Opt-chemical smog was caused by 'air‘_pdllutioh in the Tokyo

_..6._..




arca. Also urban problems were observed in this period such as an imbalance between urban arcas and rural ones,
traffic jams and noise excessive. After that, environmental and urban problems began to be emphasized in new
project planning. For example, during the period of rapid cconomic growth, major river improvement projects
were centered on the construction of large scale gravity concrete dam or arch dams. But these projects changed,
because of a new environmental priority, to a focus on the prevention of urban river water pollution and the
sccuring of an adequate water supply by constructing medium size dams. Today, the total length of river banks, as
set by the national government is 17,094.8 km, and the total length of low depth bank protection is 3,411.9 km.

Today, 81 dams are under directed administration of the national government.

Shinkansen railway

Fig. 1-1-6 Today's Shinkansen Network.

As a result of higher incomes for eitizens, a demand for more comfortable living forced the government to
formulate comprehenSive national development projects. The first project (1961-1969) aimed to balance
development on Tokyo area with development in other areas in Japan and sought to deconcentrate industry,
income, populauon, house space, and education. The second project (1965 1980) focused on the creation of a
comfortable env1ronment ‘The thitd ¢ one (1975 1985) aimed at makrng a total environment for comfortable Jiving.
Forth one aimed at the ¢reation of multi- -polar national land. Table 1-1-1 shows the summary of the 4
comprehensrve national development ‘programs.

Brg projects’ stlch as The Selkan Tunnel The Honshu Shikoku’ Bridges, The New Kansai Airport, The
Tokyo Bay Loop nghway, shlnkanSen and htghWay networks that were planned in the period of high economic
growth are now being completed during this penod of stable economic growth. Some are still under construction.
Table 1-1-2 shows the outlrne of these pr‘mects

Durmg the penod between 1982 to 1988 the general budget for 1nfr&structure improvement was reduced
every year, placmg the task for the reconstructnon of the economy under the inspection of a Temporary

Admrmstratrve Commrttee Only road investment was increased by an activation of a Financial Investments and



Loans System and the generation of private funds under the Toll Road System. The average ratio of increase in
infrastructure investment was 1.4% in comparison with a 3,7% increase in GNP. This suggests that infrastructure
improvement has not be kept up with the economical or social needs of society.

The-Japanese economy during the period of 1987 to 1991 was called a "Bubble Economy" in which a low-
interest financial policy caused high land values and a soaring stock market. The high land values disturbed
prosperity in the market, and an increase in employment opportunity through infrastructure investment because of
a high cost jncurred by the location of construction sites especially in the metropolitan atea. The government
increaseq the official interest and placed controls on the trade of real estate. This policy caused a recession and
discontinued many projects planned by private companics. The recession Japan is now facing is the result of these

policies. This result suggests that an excessive boom or "Bubble Economy" did not present any advantages to the

national economy.

Table 1-1-1(a) Comprehensive National Development Program.

" New Comprehenslve National

Comprehenslve National Land
. Land Devélopment Program

Development Program

1. Date of Formulation Ocl. 5, 1962 Cabinet Decision May 30, 1969 Cabinet Decision

2. Project Term 1960 - 1970 1965 - 1985
and :
Final Fiscal Year 1970 1985
3. Background 1. From Post War Rcconétmcllon 1. High Economlc Growth

to ngh Economlc Growth 2. Concentration of Popu]auon

2. Dlsc]osure of Reglonal Problem ‘ and Induslry in Large City .
1) Problem of Megalopolis ’ 3. Earning Differential Among Prefectures
2) Earning Differential Among Prefecturcs 4. Bffective Utilization of Resources

3. Income-Doubling Prégr‘arﬁ, Pacific Belt Plan

’

-4. Goal ‘ R Balanced DcVeJOpmen( s

B Ciéatibn ‘of Amemly >
1 Prevenhon of Enlargemenl of City and 1. {Reservauon of Nature .
. Réduetion of Regional Differencés~ | 2. Expaision and Balancé of DchIOpmenl
2 Effectlve Uuhzahon of Natural Resources e Possnbllmes in Whole National Land
3 Proper Regional stmbuhon of 3 ’Developmenl Consndcnng Reglona]

Capital, Labor, fI‘echnology and Resources Charactenshcs and Utilization .
' e . " of National Land ‘ '

4. Securing A'm,,embty

5. Developnient Method

6, Emphasis

"2, Priority Development 6f Regional Area

< Priority Devempmem >
L. Deconcentration on lndustry

., Connecting to Tokyo Area: .

1. Control of Building Factories
in Over Populated Area

-2. - Promotion of Deconcentrauon of Industries -:
in Mnddle Size Rural Citles

s

" < Large Projects >

L. Balancing Utility of National Land by
Constructmg Shinkansen
and Highway Network = ./ .

L Constmchdn of Traffic . i, .-

and Cdmmunlcahon Networks
2, Realnzmg the Large Project Using
the Communication Network ‘

i




Table 1-1-1(b) Comprehénsive National Development Program.

3rd Comprehensive National
Land Development Program

4th Comprehenslve National
Land Development Program

1. Date of Formulation

2, Project Term
and
Final Fiscal Year

3. Background

4, Goal

5. Development Method

6. Emphasis

Nov. 4, 1977 Cabinet Decision

Expected Final Year is 1985

1. Aiming at Stable Economic Growth’

2. Promotion of Dwelling in Rural Area
and Move of Indusiries {o Rural Area

3. Regional Differcntial

4. Saving Bnergy and Resources

5. Change of People's Interest

< Amcﬁily > ) , ‘
1. Presupposition of Limited Domeslic Resources
2. Respect for Regionalism and Tradition

" |3. Accordance of Human with Nature

< Plan for Dwelling in Region >
1. Prevention of Overpopulation
and Depopulation

1. Conservation of Natural Bavironment
and Historic Monumenis

. Securing Stable People's Living

. Creation of Amenity

. Equal Opportunity of Education,
Culture and Medical Treaiment

W

Jun, 30, 1987 Cabinet Decision

Expected Final Year is 2000

1. Concentration of High Performance Citics
and Deconcentration of Population

. Unemployment in Regional Arca

. Technology Revolution

. Change of Industrial Structure

. Real Internationalization

. Society of Aged People

A b WN

< Balanced National Land Development >
1. Activation of Regional Arca
2. Internationalization of Cities
3. Sccuring Safety
and High Quality Environment

< Plan of Communication Network >
2. Multipolarized National Land Made
by Communication Network

1. Safety and Comfortable National Land

2. Regional Area with Vitality

3. Realizing Comfortable Living by Indusiry
Development and Infrastructure Investment

In 1990, the Japan-U.S.A. Structure Impediment Initiative (S.LI.) declared that Japanese infrastructure
investment during the period of 1991 to 2000 should be 3.3 trillion dollars. That is 1.6 times that of the previous

ten year period. The focus of this investment is on raising the standard of lining by construction of sewerage

systems, city parks, road and river improvement projects.

At present the Japanese economy is in a recovery from the "Burst Bubble". The new policy of the national

economy is the enhancement of public and citizen comfort.




Table 1-1-2.  Big Projects. .

BIG PROJECT

OUTLINE

EXPECTING EFFECTS

’l‘okyb Bay Ring illghway

Seéshore highways a‘nd Trans-Tokyo Bay
Highway

Dbls"appez;r of trafﬂé 'Jam tn Toi(yo
Direct connectlon from Chlba pref to
Kanagawa Pref.:

Kansati Internatlonai M‘rport

24 houré fnternational ali‘port off
Senshu In 0saka Bay

lnternal connectlon

Honshu Shikoku Brldges

3 routes of KoJ!ma—Sakaide
Kobe-Naruto; and Ononichi-Imabari

Birth:of A:Inland Sea Culture and
Economic Zone :: - . - .

Selkan Tunnel

Undersea Tunnel from Tsugaru to Oshima
Shinkangen will run through,

Activation of Selkan Area

Tohoku Shinkansen

From Tokyo to Aomori. This will be
connected to Seikan Tunnel.

Promotion of the lndustrlallzatlon in
'l‘ohoku Reglon

J oetéu Shlnkanseh‘

From Tokyo to Japan Sea codsts

Promotlon of the econonmic growth in
Japan'Sed Area

Kan-Etsu Expressway

From Tbkyo to Japan Sea coasts

Promotlon of the economic growth in
Japarn Sea Area /Secure of the transpo-
rtation In the heavy snow belt in Japan
Sea coasts'

Tohoku Expressway

From Tokyo fo Aomorti

Tohoku RegLon
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1-2 THE ROLE OF INFRASTRUCTURE INVESTMENT

Infrastructure investment stimulates the growth of the economy directly and indirectly. This section
describes the effects of infrastructure investment such as the economic effects, disaster prevention, the triggering

of economic growth, and energy consumption,
1-2-1 The Relation between GNP and Infrastructure Investment

Figure 1-1-3 shows the relatron between GNP and infrastfucture investment. The average growth rate was
3.5 % before World War II(1880 1944) and the ratio of infrastructure investment to GNP was 2,8 %. On the other
hand, these indices after the war( 1945 1989) were 7.7% and 5.2% respectively. These indices suggest that

infrastructure investment has a strong correlatron with GNP
1-2-2 Economic Effect of rn“ffastmcturé Investment

1)ROAD IMPROVEMENT

As an example, the effect of road constructron on the economy is exammed in this section. Direct
economic effects of road construction are as follows; '
*High mlleage for car
: Sho’rtenedvtr'a"vel time
‘Rationalization of transportatron and an advance in producuve efﬁmency
'IncreaseofGNP e e g L
*Increase of tax and employmentopportunities, and lower prices for goods

Flgure 1-2:1 shows a simulation’of the economic-effects: of ‘the' 10th Five-yéar Road Improvement
' Program % " ‘

'I‘he srmulated riiodel shows' the ‘éxpectancy of ‘a “stock: effect of 48 trillion yen' (436 billion dollars,
$/¥—1 10) and flow: effect of 111 trillion: yen (1.0 trillion ‘dollars) ‘as created by 51.7 trillion yen (470 billion

dollars) in’ mvestment



biflion dollar

200 -

150 1~

100 854 billion dollars
: Flow Effect

. ] Road Investment
50 !

100

et A/.\""' ;'-'~x-l,-.

Fig. 1-2-1 Growth of GNP through 10th Five-Year Road Improvement Program o

2)INFRASTRUCTURE INVESTMENT AND DISASTER PREVENTION .. . . . . . .
Reducing losses incurred by ‘ﬂ'o‘ads*i'n order to protect a loss of econoinic activi.ty‘ is one of the most
important’ purposes of river. improvement.. Flgure 1:2:2 shows: the: -ratio between the cost of damage due to a
disastei: and the GNP in the’ pernod between the end of warito the present It is clear that the losses dué to- disaster |
have been reduced by mfrastructure investment. It is deﬁmte that a 10 % disaster rate just after the.war was

reduced to less than 1.0 % after 1965 by construction of large size dam and river improvement projects as shown

in Flgure 1-2-2,

—12—
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Fig. 1-2-2 .- Fractuation of Damage/GiD.P.

3)TRIGGERING OF ECONOMIC GROWTH
A mgger effect for economic growth 1s caused by 1nfrastructure 1nVestment Thxs is explamed the
population change, and production change on the area adjacent to the Tohoku Expresswayt
Iwate prefecmr'e was one of the most underdeveloped‘pref'ectures in. Japan .A.law labour price led to the
movement of mdustry into this area after the construcuon of the expreSSWay m the dnstrlct Flgure 1-2-3 shows the
populatlon growth m Iwate prefectures cmes along the expressway. The populatlon growth rate in this area
‘ Table 1 2—1 shows the companson of mcome, manufacturmg productnon and sales VOlume between remote
areas (more than 30 mm ) and, adJacent areas (w1thm 30 min,) of an. expressway interchange. It indicates that the

completlon of the hlghway contnbuted to increase in these economic indices,
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Fig. 1-2-3 Increase in Population in the Area along the Tohoku Expressway inllwiate Prefecture.

Table 1-2-1  Social and EcOnomibal Indeces in Iwate Prefecture.

Lessthan 30 minites  More than 30 minites
from Highway Junction  from Highway Juncton

Increase of Population (1 985/1‘ 980). 3.7 % ' 09 %
Increase of Inéome (1984/1879) = - = 44.6 %" s 378 %
Manufacturing Production (1985/1980) 385% 31.0 %
Sales Volume (1985/1980) | 48.4 5_/'0: " | ERTIIA o

4)INFRASTRUCTURE INVESTMENT AND ENERGY CONSUMPTION
It is likely that enérgy consumption’ is proﬁomonal t6'thé growth rate of GNP, Japén §'taté of energy‘
consumption is the most efficient among advanced dounfrids i the world: e e
Figure 1-2-4 shows the relation bétween the growth of GNP aiid enétgy consuimption'in Japan. The vertical
axis shows the ratic between energy consumption of each yéar and that of 1970, anid $hows the ratio between the
GNP of each yeéir and that of 1970, This figuie shows that ehergy consumptionof Tapan'did nét incréase after
1975. The following are considered to be the'causes of thé decline or stabilization shéwn inFigiirs 1-2-47

(1)Efficiency of plant power sources and therefore, increased production has raised the GNP.




(2)Growth of the information and communication industry reduced energy consumption. Those industrics can
raise the GNP without increasing energy consumption,

(3)The construction of highways and shinkansen railways reduced energy consumption.

2.5
: Energy Consumption IEach Year
Energy Consumption in 1970
GNP LZach Year

GNP in 1970
2.0
1.5 1

Second oil shock
1.0 1 (the Iranian Revolution)
Dollar shock
Qil Shock

0.5

. ™71 T ™77 LANER Jum mu | T 7T Y T
A 1 { 1 T I

1955 1960 1965 1970 1975 1980 1985 1990

Fig. 1-2-4 Increase in Enérgy Consumption and GNP.

} Typical examples can be shown in Table 1-2-2 and Figure 1-2-5. Table 1-2-2 shows the effects of such a
bypass on mileage and emission of CO,. Figure 1-2-5 shows the mileage improvement resulting from the reform
of interséction. It can be seen that road improvement reduces not only the energy consumption but also
environmental problems. In addition, the problem that energy consumption has been increasing with the growth

of GNP after 1982, must be analyzed carefully.



Table 1-2-2 Suppositive Data on Mileage before and after Complation of a Bypass Improvement.

Fuel saving by Cut weight of Cutrate of
bypass construction  CO,emission CQO, emission
(mi/km) (gkm) (%)
Passenger car 19 45 18
Small truck 36 85 24
(%)
7 0 el S A R I it T T I Tt
60 -
9
o 50 -
O e
'S 40 fremeoeeeees
©
(73]
S 30 -
-
20 -
10 7

Right Turn Lane Left Turn Lane Widening Grade Separation

Fig. 1-2-56 Suppositive Data on Mileage.
(using 16 examples of intersection improvement)
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2 ADVANCES IN CIVIL ENGINEERING TECHNOLOGY

It is thought that there are three factors in the develo’pment of civil engineering technology. They are

research’and development, technological educatib‘n and the financial aspects supporting the investment.

Each factor as it has developed in Japan is presented in this chapter.
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2-1 ADVANCES IN CIVIL ENGINEERING TECHNOLOGY

The advancement of civil engineering technology can be divided into the following five stages.
DIntroduction of forcign technology by invited foreign ‘engincers(1868-1887).
2)Reform of the imported technology by Japanese engineers educated in forcign countrics (1888-1911).
3)Technological stagnation (1912-1945)
4)Introduction of Foreign Technology (1946-1964)
5)Development of original technology (1965-Preseint)

2-1-1 Introduction of Foreign Technology by Invited Foreign Engineers

Before the Meiji era Japan alrecady possessed technology related to tunnel, bridge, and dam construction
and bank protcction.work.bHowevcr, Japanese technology was not designed for large size structures but only for
small size structures meant for traffic or travel on foot or by horses. Therefore, building infrastructure necessitated
the import of foreign technology by means of inviting foreign engineers with cxcéptional salary.

In railway areas, E. Morell for the national railway, J. Crowford of the U.S.A. for the Hokkaido railway, H.
Rumuschéttel of German for the Kyﬁslllj"raiIWay were invited. These engineers did everything concerned with
rai‘lway cohstr'uction such as surveying, design and supervising of construction work. In river, lake and offshore

-improvement areas C.J. Van Doorn, LA. Lindow, G.A. Escher, A.H. Thissen, J. De Rijke, of Holland and H.S.

Palmer of England were invited. Table 2-1-1 shows the foreign engineers and their construction work.

" Table 21-1  Invited Engineer and Main Work

FIELD INVITED ENGINEER MAIN WORK

EMorell(U.K) [ Shinbashi-Yokohama Rajlway
E.J.England(U.X.) | Osaka-Kobe Rallway ___
RAILWAY |R.V.Boyle(U.K.) [ Nakasendo Rallway
oo | LiGrowford(U.S:A).. - . - | Sapporo Rallway network .
1. Rumschoettel(Germany Kyusyu Railway network
Yogel(Holland) -~ |Kurogane Bridge .
. Branton(U.K.) [ Yoshida Bridge -
BRIDGE | N.W.Halt(U:S:iA) Toyohira Bridge
Paul, White(U.K.) | Mukogawa Bridge . __
C.A.W.Pownall(U.K.) Tone and Ara River Bridges
DAM W.K.Burton(U.X.) Nunobiki Dam
E.J.England(U.K) | Ishlyagawa Tunnmel
(| TUNNEL - | J.Dfack(U.K.).. " Sumiyoshigawa Tunnel -
T.Gray(U.K.) Ashlyagawa Tunnel
1€.J.v.Doorn(Ho11and) Toné Rlver; Yodo Rlver
.......... eeseennn..... | Asaka Irrigation
R -‘Ii)bomif‘fi;,.,-.,.i.»;;., ST o
‘, RIS\:F 4 Tuq(sacﬁ é’!} (lal((l)llci}ilﬁi&d) Q;aka 'I.lzljrl;)l(?llr."YOdO Rlveril ‘
s DeRijke . . . | Kiso 8 Rivers . . ... . ..
| ARBOUR 1A BenaFiitoniandl T [vodo River 1T T
H.L.RMulder(Holland) ~|'Tone Canal T
2 LA LIndow(Hb{1and) Shinahno River
WATER, . |H.S.Palmer(U.K.) . 5 Yokohama Water Works
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2-1-2 Reform of the Imported Technology by Japanese Engineer Educated in Foreign

Countries.

In the 1880s, Japanese engincers who were educated by foreign engineers or in foreign countries began to

design and direct construction. Table 2-1-2 shows invited foreign engineers and the Japanese engincers educated

by them,
Table 2-1-2 Foreign Engieer, Japanese Engineer, and Their Pupils
MASTER PUPIL MAIN WORK
J.De Rijke(Holland) T.Okino(studied in France) Improvement of Yodo River, Osaka Port
J.De Rijke(Holland) H.Saeki(studied at College improvement of Kiso River lower reach

of Engineering)

G.A.Escher / J.De Rijke K.Furuichi(studied in France) | construction of Sakalde Port
(Holland)

V.Doorn(Holland) I.Minami Asaka Canal

H.S.Palmer(U.K.) Y.Mikuni(studied in the U.K.) |construction of Yokohama Port
T.R.Sharbington/E.Holsan |24 graduatés of the College |construction of rallways

(U.X.) of Training Engineer : :

M.Inoue(studied in the Y. Kunisawa(a graduate of the Osakayama Tunnel

U.K.) ‘ College of: Trainihg Englneer

Construction projects, in which the Japanese method of 1mplementat10n and the European method of
survey and planning were combmed tnggered the reformation of intreduced techmques from foreign countries.

Example construction exercises were conduc_ted at( the Osakayama Tunnel and at Lake Biwa Canal.

1)OSAKAYAMA TUNNEL

Osakayama Tunnel was the ﬁrst oné butlt by Japanese engmcers (1—664 8m). thure 2-1-1 shows the
entrance of the Osakayama Tunnel. The dxrector for this construction was N. Kunisawa who graduated from the
College of Training Engineer, establlshed by M Inoue, in Osaka‘ He used a Japanese original construction
method, which utilized man power by usmg only a chtsel and a mandril. The reason was why there were many
skilled workers in gold mines at that time. Kanisawa was able to use them for the construction at a low labor cost.
A Western style was used for the floor. The 'tii'nnely’ floor was made of blocks and powder was used to destroy hard
rocks. So it is said that the tunnel was completed only in 20 months by a combmatton of a Japanese traditional

method and some Western technology




Fig. 2-1-1 Osakayama Tunnel.

2)LAKE BIWA CANAL

Lake Biwa Canal was the first big, multi-purposed project in Japan. The general purpose of the Lake Biwa
Canal was the modernization of Kyoto City as one of the most historic citi¢s in Japan. This modernization policy
was to be achieved by the first generation of electricity, and a water sdppiy and boat transportationlink from
Osaka City to Lake Biwa by construction of a Water channel from-Lake Biwa to Kyoto City with a distance of
20km. S. Tanabe, who graduated from the College of Engirieering(now Eng. Dept. Tokyo Univ.), conducted the
work. One-third of the total length of the channel was tunnel work. He used the newest technology such as a.
dynamite with détonator, a véntilation system and a water pump powered by ‘a stéam engine. Also the introduction
of the shaft method should be noted: Figute 2-1-2 shows the entrance of No.1 tinnel,

The first hydraulic: power generator developed by this project supported the first street car network in
Kyoto City. In addition, it trlggered a labor market for llght mdustry in Kyoto City. It should be noted that the
power plant built at that time is still in use. o ' : ‘

~ The Development projéct for Lake Biwa'is ‘ciir're'ri'tly' under ééhStfﬁc’tibh “The ‘newest project is' the Lake
Biwa Comprehensive Developmeént: PrOJeCt which started and Has cofitinued since 1972. This project reflected the

following indices. -
(Denvironmental protéction: 1mproVement of the sewage systems, parks, p()rt ‘roads, and constniction of facilities

for livestock, and for garbage disposal -
(2)flood protection: improvement of rivers eémptying into Lake Biwa, construction :O;f a dam, and sabo work
(3)water supply: improvement of water siipply systéms for ‘drinking water and’ for industry, improvement of

facilities for fisheries and agriculture
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Fig. 2-1-2 Lake Biwa Canal.

2-1-3 Technology Stagnation

The largest project in the period between the late Meiji Era and World War II was Kanmon Tunnel. Many
methods to connect Honshu with Kyushu were examined before the tunnel was constructed. Technology in both
road and railway development was investigatéd. The tunnel method was finally selected because a bridge would
obstruct the passage of battleships and become a bombing target. ‘

The government supported and accelerated the construction of the Kanmon Railway Tunnels (a upline and
a downline), because the government considered that the railway was betﬁ_er for military transpox‘tati_oh than road
ways. Development plans for the Kanmon-Railway_,’l“imnels‘started, in '1936»anld was completed in'i944._ The total
length of the upline is 3604m, including 1322m undersea, and the t_otal-.length of the.dowhline is 3614m,
including 1322m undersea. | , ‘, : | , - , ‘

Construction of the Kanmon Road Tunnel started in 1939, but budget restraints and a:shortage of
construction materials in World War II. period obstructed the chmpl_etion.,After Wolrld‘Wa‘( I the construction
continued slowly with little prospect of completion because of objection to the plan from government side. But-a
Toll Road System, which was established in 1952, changed the situation. Regulation of the appropriation: of toll
fees for construction gave the financial guarantee to, the project. The construction work began again in 1952 and
finished in 1958. The tunnel has a length of 3461m, inciuding 780m undersea (see figure 2-1:3).. ... . & .

In the period from the Taisho Era to the early Showa Era there was a 1te;chnolp_gy,§tagnation. The reason for
this stagnation was seen to be the priority given to military spending in the budget and a recession .forced

concerns away from new technology in civil engineering.

N
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Fig. 2-1-3  Vertical Section of Kanmon Tunnel

2-1-4 Introduction of Foreign Technology

Japan's technology has made rapid progress after World War 1. The rapid economic growth in the 1950s
nccessitated large scale constructions of tunnel, dam and bridges. Imported foreign technologics influenced to
these lérge constructions after World War IL. The rapid cconomic growth presented chahice of the adjust of
imported technology to Japanesé conditions of nature, economy and society. These adjustment has led Japan to be
~ onc of the most advanced nation of the world in ¢ivil engineering technology. Sakuma Dam and Wakato Bridge

are remarkable projects.

1)SAKUMA DAM

American technology for construction machines surprisingly changed the Japanese construction process.
Sakuma Dam 150 m in height, was completed in only 28 months. Figure 2-1-4 shows the view of Sakuma Dam.
The shortening of construction time was enormous given that the term was almost half compared with past
experience. Power shovels, damp trucks and bulldozers reduced the required period of time. Construction of

Sakuma Dam is recognized as the beginning of the use of construction machine in Japan.

2)WAKATO BRIDGE N | |

Wakato Bridge completed in 1958 is the first lon;g suspension bridge in Japan with a span of 367 meters
(see figure 2-1-5). Therefore, there were many obstacles dufing the ﬁteparation for construction. Basic suspension
bridge technology was’ 1mported from western countrles, but the ideas of measures against typhoons and
“earthquakes were not m use there In order to OVercome these. difficulties all the brain power in Japan was
mobnhzed for field surveys in wea(her and geology, ‘the’ development of steel cable, rust proofing, wind tunnel
simulation and durability for earthquake. The surveys spent long time of two and half year. All materials used for
this bridge were made in Japan. The completion of this project provided confidence to Japanese engineers and
researchers. Design and construction of this bridge formed the technological basis for long span suspension

brndges of Japan.
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2-1-§ Original Technology

Japanese original technology for large size structures developed in the late 1970s. This original technology
concerning survey, planning, and construction were supporicd not only by R&D activities in the construction
industry but also by other basic industries-such as steel, machines and computers. Kawamata Dam, Kanmon

Narrow Bridge, Shimajigawa Dam, Seikan Tunneél and Honshu-Shikoku Bridges utilized this original technology.

1)KAWAMATA DAM ,

The Kawamata Dam was built at the Seto Gdfgc of Kinu River in 1966, for the purpose of flood control,
irrigation, and electric generation. This dam was 117 meter height, 130 mieter long with flat arching shape (sec
figure 2-1-6). Collapse of the Malpasset Dam f;’)cused attention on 'the‘ dis’p’oédl of base rock at that time.
Therefore, On planning"the"KaWa‘mata‘ Dam, the Curvatufe of the ‘ar&_:h was made smaller in order to reduce stress
on the base rock plate. F'r(‘)mbAthis experience flat 'arch"da'ﬁi':ni‘éthod é)&bor’ted to fdréign countries. It was
recognized that the dam’construction techhique in Japan Bébéme one of the best in fhe world by the time the

Kawamata Dam was constructed.

© Fig.2-1-6 Plah of Kawamata Dam =

2)KANMON NARROW BRIDGE LT
The Kanmon Narrow, B;‘idge connecting Shimonoseki City on Honshu sland, to' Moji ‘City on Kyushu

Island ‘was completed in 1973 with a span of 712 mieters in length. A expressway with 6 trucks is on it. The

construction fethods for the substructure was the spread foundation method for Shimonoseki side and the

ide. Techiological basis for the Kantfion Bridge had been perfected during

pheumatic calsson fiiethod rvf‘f.)l‘ MOJ ,
the construction of the'WakatovBi‘id'ge'(.IQSS)-. In addition to the basic technology, a pre-fabric parallel wire strand
and a special connecting method for girder erection, :d;e;vcioped‘ for the Honshu-Shikoku Bridges were applied to

" this bridge construction. Figure 2-1-7 shows the view of a strand erection.
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Fig. 2-1-7  Settlement of Cable Strand (Kanmon Bridge).

3)SHIMAJIGAWA DAM

Shimajigawa Dam was a gravity concrete dam with a height of 89m at a tributary of Saba River in
Yamaguchi Prefecture. Figure 2-1-8 shows the view of Shimajigawa Dam. This dam is the first dam built using
Roller Compacted Dams concrete (RCD). RCD is made by rolling zero-slump lean concrete into the construction
site. The construction of Shimajigawa Dam showed the econoniical, and technical efficiency of RCD method. It
became the beginning of the popularization of RCD method. RCD was used for the construction of Tamagawa
Dam and Nunome Dam. Miyagase Dam which is the largest dam built with RCD is currently under construction.

RCD has been exported to China where Guanyinge Multipurposé Dam will be made using the RCD method.

e
<f : £y
2% N

Fig. 2-1-8 Shimajigawa Dam




4)SEIAN TUNNEL

The Seikan Tunnel is the longest undersea tunnel in the world. This tunnel was first planned before World
War I1. The construction started in 1964, and was completed in 1985. It has a length of 54km, including a 23.3km
undersea part. The track was regulated for a shinkansen railway for future construction of such a railway. The
implementation faced difficultics mainly with seawater secpage at the maximum depth of 140m from sea surface,
and 100m from the sca bed, New technology developed during the construction of the Seikan Tunnel included
methods for measurcments on the sea surface, long distance horizontal boring, hardening of soft rock plates by
injection of ccment milk, concrete blasting and tunnel boring machines. Some of these new technologics were

applicd to the Dover Straight Tunnel. Figure 2-1-9 shows the longitudinal cross section of the Seikan Tunnel.

L 53k850m
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m
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300 H . H 300
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Venlical Shaft o, surface | 100
o 10
M 140 el
—-100 H | ain T J_/
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Fig. 2-1-9  Vertical Section and Plan View of Seikan Tunnel.

S)HONSHU-SHIKOKU BRIDGES

Honshu-Shikoku Bridge Project aims to connect Honshu Island and Shikoku Island by way of many
bridges. The Honshu-Shikoku Bridges have three routes. Among the three routes the Kojima-Sakaide route was
completed in 1988(see figure 2-1-10). Designs for these bridges arc made by field surveys and analyses of
carthquakes, typhoons and tides. Many new technology were applied in the bridge. Pre-fabric caissons shortencd
the construction time. Multi-column foundations were invented as the countermeasure (o a high orcean current.
Long block realized the collective erection by uniting technology of base ships and cranes. Parallel strand cable
method and air suspension cable method increased the strength and shorten the construction time.

The Akashi Narrow Bridge which will be completed in 1998 has span length of 1990m, and is the longest

suspension bridge in the world.



Fig. 2-1:10 Honshu-Shikoku Bridge.

2-1-6 Advancements on Technology for Enlargement of Structures

Enlargement of structures can be used as an index for measuring the advancement of technology. The
length of tunnel, the length of span of bridge and the height of dam are discussed in this section. Figure 2-1-11,
12, 13 show the enlargement of these structures.

Adoption of a steel support arch, first used in the construction of the Ohata Tinnel in 1953, expanded the
length of tunnels. This expansion made it possible to obtain wider working space for the méchanization of
construction. In addition, the introduction of H-beam and an advanced method for rolled steel contributed to the
popularization of the steel support arch. -

Mechanization is a factor in the enlargement of structures. First, machinery construction in Japan was used
in the Sakuma Dam, which shortened the construction time. Construction of the Seikan Tunnel is one of the
results of this mechanization.' The Tunnel Boring Machine introduced in the 1960s, was used in the construction
of Seikan Tunnel where reform was téquired to fit the field condition there. '

The NATM (New ‘Austrian Tunneling Method) was adopted: first in the construction of the Nakayama
Tunnel on Joetu Shinkansen line in 1975. This method developed with the advancement of computer technology
as the design of NATM depends on numerical processing of its design. The Shield Method, introduced for the
construction of tunnels under river and in weak ground, was another factor in the enlargement of tunnels. From

the 1960s, this is mainly used for the construction of subways in urban areas. -
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Factors which contributed to the enlargement of the center span of suspension bridges were welding
technology and high-strength steel wire. High-strength steel wire had been imported from Germany before the
end of World War II. After World War II, 80kg/mm? stcel could be made in Japan with the development of the
steel industry. The Akashi Narrow Bridge, which is the longest bridge in the world, uses 180kg/mm? tensile
strength wire, Advancement of welding methods and stress calculation ‘methods by use of computer propelled the
development of ldng épan bridgcs. Alsdfadvanccs in foundation techniques such as pile foundation, and caisson
has contributed to the cnla;rgcmcnt of bridge snan lenglh It can be considered that the development of placed
caisson, multi- piled foundauon contrlbutcd to lhc construction of the Honshu- Shlkoku Bridges.

Fnlargcmcnt of dain structures is dependent on the mechanization 'of the construction process. For

examplé, during the constructxon of the Mihoro Dam rock fill type dam, a'power shovel, a bulldozer and a damp
truck allowed the shortened constructlon term. Reccntly, 32(~45t trucks and 301-40t buildozers have been made in

Japan. _ '
As a whole, the enlargement of structures is achleved not only by the ‘advancements of construction

techniques but also by advancements in many mdustnes related to construction,
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2-2 HISTORY OF EDUCATION lN CIVIL ENGINEERING

Before: the Meiji Restoration, there were no Japnncsc technical engineers who were educated in Western
science practises. The first civil engineering education prograni began at the School of anmccrmg in 1872 at the
suggestion of Mr. Morell from England. Fifty students of civil engmccrmg graduatcd from the school cvery year.
In 1877, the School of Engineering renamed as the Collegc of Engmeermg, according to the establishment of the
Department of Railway. On the other hands, the government established the Ministry of Hokkaido Reclamation in
1876 and opened the Sapporo Agriculture College (Now Hokkaido Univ.) to assist in the development of
Hokkaido island.

The Ministry of Education un‘ited the Collcge’ of Engincering with Tokyo University in- 1885. All
universities with a high level of educatlon for civil engmeermg were soon put under the jurisdiction of the
Mmlstry of Education. Also Sapporo ‘Agriculture Collegc was included in 1895. Fi igure:2-2-1 is a chart showing
schools durmg the early Meur era.

At first, lecturers were forelgn engineers. But use of English technical terms which were obtamed from
their [)resentatlon obstructed the Japanese low level labor's understanding. Therefore, the Ministry of Education
decided “that Japanese would‘ be ‘used for engi\nee‘ring'educationin's_‘_'tead of English in 1884. This, therefore,
increased: the numbers of skllled engineers. ‘ B |

Mlddle level educatron was done in each mlmstry durmg the Meiji era. The remarkable middle’ level
educatlon was started at the School of Engmeer (now Kogakum Umv) establlshed in 1888 It consrsted of 8
course such as civil engmeermg, machinery engmeermg and reared engmcers who worked under the high-level
engmeers Establishment of a School of Engmeermg meant lhe begmnmg of an expansron of civil engmcermg
educauon asa whole _ : ‘ »

After World War 11, the’ government reorganlzed the educauonal system undet the gu1dance of
GHQ(General Headquarter of the Occupation Army), almmg at an open door policy to the public and equal
opportumty In 1949 ‘national universities were established in accordance with the Law for the Establishment of a
Natxonal Umversrty In 1950, the Junior College System was estabhshed Now 49 out of 100 Japanese national
umversrtres have a civil engmeermg course. o

The industrial high s¢hool systcm was renewed, accordmg to the establishment of a new high school
system m 1948 The change aimed to rear the middle-class engmeer and to educate in techmques, knowledge, and
attrtudes as engmeers B | ‘

The raprd economlc growth from 1950 requrred a largc amount of skrlled engmeers An Industrral

Technical College School System was estabhshed in 1962 Now 25 out of 54 national industrial college schools

have a c1v1l engmeermg course
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The environmental problems and diversification of socicty in the 1970s demanded that universitics open
new departments for rescarch and education in environmental pollution. Departments for sanitary engineering,
traffic engincering, urban engincering and environmental engineering etc. were established in many universities
and colleges. Figure 2-2-2 shows the number of undergraduate students in civil engineering. The upper line
cxplains the number of students in the general civil engincering ficld including sanitary enginecring, traffic one....
The lower line indicates the number of students in proper civil engincering excluding the ficld related to civil
engineering. Thercfore, the difference between the 2 lines indicates the number of students in cach of the
sanitary, traffic, urbap, environmental engineering etc. courscs, except for proper civil engincering, The number
of students increased rapidly from 1960 to 1970 (the number tripled), and the differcnces still grow year by year.
It suggests also the education system is changing in accordance to the "needs of the time".

As fhc,wholc, It can be considered that a continuous large supply of engineers is one of the reasons for

economic growth in Japan.
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2-3 HISTORY OF FINANCIAL ACT AND PLAN

Policics concerning infrastructure investment and finances have been supported by legislation in Japan.

Programs for investment and financial acts are introduced in this section.
2-3-1 Law and Plan in River Improvement

Laws concerning river improvement are listed on Table 2-3-1. In the carly Meiji era, the government
emphasized low water improvement for ship transportation, and left the high-water improvement for flood control
to the regional public bodies: But as the regional public bodies did riot have a large enough budget for river
improvement, flood disaster often occurred. In 1896, the government established the River Law and embarked
upon high-water improvcmeni for the 10 biggest rivers in Japan. In 1910, the first national project for flood
control was started. However, the project was reduced soon by government financial distfess. Only initial 3 years
were able to get the prearranged budget. The second national program for flood control was formulated in 1918,
and the third one was done in 1933, however, both programs were delayed or cut, (;bstmctéd by an increase in

military spending.

Table 2-3-1 Laws and Plans Concerning River Improvement.

DATE — LAW | PLAN.
1896 River Law

1896 Additional Bstimate for Specified River
(Yodo River etc.) Improvement ’
1897 Sand Control Law(Sabo Law)

1911 Flood Control Pund Special Account First Flood Control Plan
1913 Canal Law .

1921 _ ‘ Second Flood Control Plan
1933 Third Flood Control Plan

1932 Addltlonal Estimate for National Recovery Pro_pcct

from Unemployment

1950 Comprehensive National Land Development Law

1952 Power. Resources Development Promotion Law

1953 Task Committee on Erosion and Flood Control Measures
1953 Outlines for Brosion and Flood Control Fundamental Measures
1960 Brosion and Flood Control Emergency Measures Law :
1960 Flood Control Special Account Law Cabinet Decision for Flood Control Ten-Year Plan
1964 Disaster Measuies Basic Law ]

1961 Water Resources Development Promotion Law
1961 . | Water Resources Development Corporation Law
1964 New River Law

1965 ‘ R | Cabinet Decision for New 5-Year River Improvement
1971 Special Measures Law Concerning Upstream Area Development :
1992 . ' 8th 5-Year River Improvement Program

On the other hand, river improvement was planned for the regional unemployee by World Crisis (1.932).
But in 1934 it was cut, facing an increase in military spending.
A suspension of infrastructure investment during World War II caused many flood disasters after World

War IL In 1950, the Comprehensive National Land Development Law was established accordingly. The Law for




the Promotion of Electricity Development was formulated in 1952 to develop hydraulic electricity. Many multi-
purpose dams weie built from that point.

A Ten:year Program for Flood Control was formulated in 1953 in accordance with the formulation of
Erosion and Flood Control Emergency Measures Law, and Flood Control Special Account Law., However, in
1961, heavy rain caused serious flood disasters around Japan. An amendment of the law and an addition to the
program required. A new River Law and st Five-Year River Improvement Program were formulated as the result
in 1964. After that, river improvement was promoted under the Five-Year River Improvement Program.

In 1992, the 8th Five-Year River Improvement Program was' started. This onc aims at building a safe
infrastructure, the creation of comfortable living circumstances concerning the amenity, and the development for
countermeasure against the exceptional floods or water shortages. The program propels many arcas such as
comprehcnsivc.flood disaster prevention, building of high~gradcd levees or so called "Super Levees”, water
resource develo’pﬁuc’ﬂt, sediment-related and volcanic disaster prevention, environmental improvement along river

bank, river management, and marine development.
2-3-2 Law and Plan in Road Investment

“Table 2-3-2 ‘shows the main laws and programs concerning road improvement. The first Road Law was
formulated in 1919. Because of the priority placed on railway construction, the formulation of Road Law was

delayed compared to the River Law.

Table 2-3-2 Laws and Plans Concerning Road Improvement.

) Domcsuc Barriér Statmns weré Abohshed )

1873, ,vaer, Port and Road Impxchmcnt chulat:ons .
1876 | Cacinet Ordér for Division of National, Préféctural and Cxty ‘Roads
1919, Road Structun; Ordmancc

1920 - | Road Law ' - e N L
1920 | Govemment Security for Road Construcuon Bond Law First Road Improvement Plan

1922 | renewal of RoadLaw. ... .. -, | EERETE R O TrS S

1929 ) Industrial Road Improvement Plan

1931 : T Anti Unemployment Road Improvement Project

1932 ' - | Five Year Indistrial Road Improvement Plan

1933 | Additional Bstimate for, Nauonal Recovery Project from Uncmploymcnl Second Road Improvcmcnl Plan
'1936- . | National Road Improvément Conunumg Bxpenditure . SRR &

1937 ano—Ycar Industnal Road Construchon and Impmvcmcnl Plan
1940 o . g ) e o - . | Road Paving Project .

1952 Ncw Road Law
1952 | Toll Road Sysiem
1953 | Temporary Measures Law Concommg Funds for Road Maintenancé and
‘ Impnovemcnt
(19541 fl ath s, ; o 15t Five-Yeat Road Construction Program
1956 | Law Conccrmng Specnal Measures for lmpmvement of Roads i
1956 :.{ Japan Rosd Publio Corponuon Law . .
1957 | Law for Constrisction of Arterial Motom'ays for National Lasd Dcvelopmcnt
1957 | National Expxusway Law .
1958 | Law Concemmg Emergeficy Measures for Highway Construction
1959 | Metropolitan Expressway Corporation Law
‘1962 | Haoshin Bxpressway Public Corporation Law
1966 Emergcncy Measires Law Conceming Construction of Traffic Safety Facilitics
1970 | Basic Law for Traffic Safety Méasures
1970 | Honshu-Shikoku Bridge Authority Law
1986 Law Conseming Specxal Mmures for Constmctnon of Tmns Tokyo Bay

1992 | ‘ _ Cabinet Decision, 11sh Five-Year Road fmprovement Program




During World War I, demand by the augmentation of city transportation capacity increased road
investment. Also recognition that delays in road improvement worsened the disaster and that roads played an
important role in the recovery from the Great Kanto Earthquake propelled the movement. Road investment
became Jarger than river improvement at that time.,

Many road programs such as First Road Improvement Program (formulated in 1920, 30 ycars), and The
Second (formulated in 1934, 20 years) had been formulated. However, these programs were not being completed,
facing the reactionary recession after World War I, The road improvement program as one of countermeasures to
unemproyce (1931-1935), and another programs was created one after another, but all the programs was
discontinued because of an increase in military spending. It should be only noted that the formulation of the
programs allowed the classification and regulation of roads; structures related to road, and penal, which was the
foundation of road administration in Japan.

After World War II, many laws were formulated to obtain financial guarantee. Road Laws were completely
reformed in 1952. A Law Concerning Special Measures For Improvement of Roads (1952) legislated to provide a
legal basis for the Toll Road System. This allows to apply the Financial Investments and Loans System*, to
borrow private funds for road construction, and to appropriate the: toll fee for the repayment. In 1953, .a
Temporary Measures Law Concerning Funds For Road Maintenance And Improvement was formulated. This
allowed the dedication of the gasoline tax monopolistically for road construction finance.. In 1954, the First Road
Improvement Program was formulated under law. In 1958, a Law Concerning Emergency Measures For Highway
Construction was formulated. This legislated to provide a financial basis for next five-year road: programs and the
system of the appropriation of the gasoline tax. Now the 11th Five-Year Road Improvément Program is about to
be carried out. '

Improvement of national expressways began w1th the formulatlon of a Law for Constructlon of Arterial
Motorways for National Land Development, and a Natlonal ExpressWay Law Japan nghway Publlc Corporatlon
was made the direct management organization under law. In 1966, a Law for’ Constructlon of° Arterral Motorways
for National Land Development was formulated by umtmg several constructron related laws. In 1987 the Hrgh-
Graded Trunk Road Project was created , aiming tor the formulation of multr polar of nanonal land use. 14 OOOkm
network of high-graded trunk road will be completed by the year 2010. '

~ From the 1960s, an mcrease 1n traffrc accrdents has occurred A Emergency ‘Measures Law Relatmg'
Provision of I‘rafflc Safety Facilities was formulated in 1966 and the Five-Year Traffic Safety Facrlmes
Improvement Program was established in accordance with it. ' .

*) Financial Investments-and Loans’System; This system is a umque system Tlns allows to loan the funds for

public investements from a reserve funds of postal saving, and a surplus funds of publrc welfare msurance etc

2.3-3 Law and Plan in Port Investment

P

Mam laws related to port management are lrsted on table 2 3 3, Port Law was leglslated in 1950 Tln
separated the port administration from port construction. Tt was ruled that the admmrstranon should be carried out -

—38—




by the port administrative association and port construction should be done by the government.

Law for the Promotion of Port Service was legislated in 1953, which allowed government financial support
for port facilities.

The boom during the Korean War demanded the urgent construction and maintenance of ports in Japan in
order to import large amounts of raw materials such as iron stone, oil and coal. Therefore, the Emergency
Mecasure Law for Port Improvement was legislated in 1961. The First Five-Year Port Construction Program was

started in accordance with it. Now, the 8th Program is under construction, and the law was amended in 1991,

Table 2-3-3 Laws and Plans Concerning Harbour Improvements.

DATE | - AW — _ PLAN

1871 Cabinet Declaration Conceming Toll Fees Coilection of Road, Bridge,
: Harbour ete.
1873 Regulation for charrs of ancr, Port and Road
1897 | Special Legislation(it was planned to divert effectively and use
aggressively national hatbour engineer groups and cquipments.)

1907 Decision for Selection of Important Harbours
1943 Establishment of the Ministry of Transportation
1950 | Harbour Law

1953 Harbour Construction and Improvement Promotion Law

1956 | Seashore Law
1959 .| Special Measures Law for Specified Harbour Facilities Construction
1961 BEmergency Measures Law for Harbour Coristruction and Improvement
1961 Special Mcasurés Law for Harbour Construction and Improvement
1962 Emergency Measures Law for Harbour Construction and Improvement Cabmet Decrsron, 1st Five-Year Port Construction Plan
1991 Cabinet Decision, 8th Pive-Year Port Construction Plan
1991 Cabinet Decision, Sth Pive-Year Coast Improvement Plan

2-3-4 Law and Plan in Railway Construction

Main laws related to railway construction are listed on table 2-3-4. The ﬁrst cabinet order concerning
raxlway constriction was issued in'1869, and the first railway (Shinbashi- Yokohama) was completed in 1882. At
ﬁrst the railway was seen as a symbol of modernization, but the government gave first priority to rallway,
construction since a large amount of railway transportation was required during the Seinan Region Civil War
(1877)

In the edrly Meiji era, a shortage of funds urged the introduction of private fundmg for the construction of
the trunk rallway Therefore, the govemment furthered the private railway companies in many ways. The railway
lme formmg the backbone of Japan was completed by the government and' branches were made by prlvate
compames till 1893, 1n’ 1901; cOnstructron of rarlways was started in the undeveloped unprofitable areas by the
gOVemment

A National Rallway Law which aimed at the natronahz,atlon of the rarlway mdustry was formulated 1n»
1906 A Refonned Rallway Construction. Law promoted this constructlon and almost all networks of the trunk
rallway were completed in the early Showa era. E

A Light Railway Law in 1910-and a'Local Railway Law in 1919 supported the construction of tailway in
local area of Japan. A Law for Regulation of Land Transportation issued during World War II united local railway
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companies, in order to obtain reasonable fee, and stabilization in local railway management.

The Railway Construction Law was reformed again in 1951. Rapid economic growth in the 1960s urged
new railway construction. Hence the government formulated three Five-Year Programs for railway construction
from 1958 to 1971. By completion of these programs, rail transportation was modernized to the point of
clectrification, double-trucking and rencwal of stations. The Tokaido Shinkansen, which was completed in 1964,
achicved an average service speed of 210 kni/h. It allowed the realization of the availability of railtravel at high
speeds and mass transportation between large cities.

In the 1970s, non-policy management, stagnation in technical renovation, failing working vitality, and red-
ink financing, was characteristic of bureaucratic management of the Japan National Railway (JNR). The
government made a plan for rebuilding of the JNR, focusing on an increase in the transportation capacity for
passengers. In 1976, it is planned in the Third Comprehensive National Land Development Program, that
completion of the Tohoku and Joetsu Shinkansen lines, the construction of 5 shinkansen lincs (Hokkaido, Tohoku,
Hokuriku, 2 of Kyusyu), survey for a central shinkansen line, developnient of a public transportation system, and
the introduction of a bus system. However, failure to rebuild forced the government to divide the JNR system into
seven private companies. Unprofitable local lines were discontinued during the same period.

Today each railway company tries to develop higher-speed Shmkanscn to 350 km/h new urban
transportation system combined automobile, monorail and railway transportatlon 500 km/h at lmear motor

system as well as their effective management.

Table 2-3-4 Laws and Plans Concerning Railway Improvement.

DATE LAW 1 PLAN .
1869 _ . L ‘ _ | Cabinet Decision for Railways Construction Plan
1892 Railways Construction Law ' . :

1893 ; Regulation for Railway Construction

1906 Law for Natlonahzatnon of Ranlways
1910 Light Railways Law

1919 Local and Private Raxlways Law

1921 Ordinance for the Ministry of Railways
1923 Railways Construction Law(amendment)
1929 Regulation for Japanese National Railway
1948 Japan Nauonal Railways Law

1951 Establish of Japan National Railway(JNR)

1957 , 1st vae—Year Radway Constructxon Law
1959 C B ‘ - | Beginning of Shinkansén Construction
1961 Railway Crossmg Improvement Promotxon Law 2nd vac—Ycar Rallway Constructnon Plan
1964 - | Japan Railways Constructxon Public Corporauon Law '
1965 . , : o 3rd Long Term Constructxon Plan.

1969 ‘ Financial Rebuilding Plan

1970 Honéhu Shikoku Bridge Authority Law
1970 Law for Natnonal Shinkansen Improvement

1973: Rebuilding Plan-

1976 Parual amendment of Blll for Japan Natlonal leways Farc ,

1981 ' | Managing Improvement Plan ,
1982 ldea for Dmde and anate Management of J NR

1983 Temporary Measures Law for the Reconstruction of INR
1987 INR was divided and placed un‘dcr priva;e management
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2-3-5 The Tax System and Support Program for Promoting Research and Development of
Civil Engineering Technology in Private Companies

In this section the tax system and support programs established to promote rescarch and development in
private companics are described. '

Before World War II,. both basic and dpplicd rescarch were carricd out by the the Civil Engincering
Laboratory, the Ministry of Interior (now the Ministry of Construction), for almost all public works were carricd
out dircctly by the Ministry of Interior. After World War 11, the system was changed, and most of construction
works was carried out by private companies. The research and development of civil engincering technology by
private companies has become important accordingly for the advancement of civil engineering since the end of
World War I1. Now, the role of private companies is important especially in applied technologies.

Some foundations created by the national govérnmcnt have supported the rescarch activitics of private
companies. A tax deduction system is one of them. A tax ‘deduction system for'the increase in amount of research
investment was established in 1967, in which 20% of a corporation tax of increased amount can be deducted if the
amiount of research investment is greater than thie amount spent in'the preceding year. For pioncering technology,
7% of the investment amount can be deducted from the amount for taxation, according to the tax system for the
promotion of basic pioneering research. In addition, small business can be deduct 6% of their research
investment from taxation by using the Tax System for Strengthening of the Research Ability in Small Industries
(1985). In-1989, a Finance and Invesiment System was formulated, in which a low rate of finance and investment
for technical R&D was legislated by the Japan Development Bank.

“Thé Ministry ‘of Construction provides support programs for the promotion of rescarch and development in

civil engineering technology by private companies.

(1)COMPREHENSIVE RESEARCH AND DEVELOPMENT PROJECT

Complication of recent social problems requires more specialized rescarch systems. According to this
movement, the Ministry of Construction established a Comprehensive Research and Development Project in
1972. This project supports interdisciplin‘dr‘“}; researchand development of the systematic combination of

universitics and private companies with national fesearch institutes. '

(2)SYSTEM OF JOINT RESEARCH AND DEVELOPMENT

The combination is expected to develop achievements more efficiency and more economically in the case
several institutes/laboratories conduct resemble research projects in purpose. A System of Joint Research and
Development was founded in 1980, aiming at joint researches for public benefit between institutes/laboratories of
the Ministry of Construction and other private research laboratories to promote efficient research work. In this
system, 2 ways exist in the process of the combination, one is based on the proposals from the national side, and

other is based on the proposals from the private side.
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(3)GOVERNMENT/PRIVATE SECTOR JOINT RESEARCH AND DEVELOPMENT

A Government/Private Scctor Joint Rescarch and Development System' was initiated in 1986. Basic
purpose of this project is alike to the System of Joint Research and Development. This project mainly aims to
apply germinal rescarch achievements to practical construction, achievements which are developed through

privatc companies. The proposals from the private side are respected in this system. The research subjects arc

decided on the Construction Technology Committee.

(4)SYSTEM FOR ACCEPTED RESEARCHER | ‘
A System for Accepted Rescarcher was established in 1980. This system allows researchers of private

industrics to be accepted to PWRI as extra researchers. The education of private researchers and the spread of

advanced technologics are the main goals,

(5)CONSTRUCTION TECHNOLOGY EVALUATION SYSTEM
A Construction Technology Evaluation System was established in 1988. The main aim is the

encouragement of the development of new technology related to public works by private businesses. The Ministry
of Construction decides and announces the targets, and evaluate the technology.

Excellent achievements are certificated and are opened to the public.

(6)EVALUATING AND CERTIFICATING SYSTEM FOR, ORIGINAL TECHNOLOGY DEVELOPED

BY PRIVATE COMPANY _ - . P
Evaluating and Certificating_ System for Orlgmal Technology Developed by: Prlvate Company was

established in 1987. In this system, the Mmlstry of Construction evaluates the fiew technology and certlﬁcates the

performance of the technology developed independently by private busmesses 4
The achievements are registered on the data bank of the Japan Construction Informatlon Center and are

spreaded to construction- re]ated orgamzatlon

(7PILOT PROJECT FOR UTILIZATION OF NEW TECHNOLOGY
A Pilot Pl’O_]eCl for Utllxzatlon of New Technology was established in 1987 “The capablllty and adaptablhty,

of new technology developed by private companies can be tested to field work’ by rcglonal offices of the Ministry

of Construction in hopes that it will be introduced into the government construction work. -y s
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2-4 - FACTORS OF ADVANCE IN CIVIL ENGINEERING TECHNOLOGY IN
JAPAN

In this section, the rapid advancement in civil engineering technology is examined especially during the

It is remarkable that it took only twenty years to master western technologies during the carly Meiji cra
because most of invited engineers returned to their native countrics in the 1880s. Thé reasons for this rapid
mastering of foreign technologies elre considered as follows:

(1)Japan had already entered the stage of early capitalism, therefore, it was casy for Japan to import systems and
technology from advanced capitalist countries.

(2)Japanese engineers tried to improve technologies introduced by foreign countries or by those engineers
educated in foreign countries in order to adapt to the natural and socio-econonic conditions in Japan,

(3)Most engineers in those days were from the "Samurai” class before the Meiji restoration. They had a
flourishing volunteer spirit to build a new country.

(4)The- invitation of foreign engineers to Japan, the opening of engineering schools and the dispatch of young

- students to foreign'countries led to the absorption of advanced technology.

After the '1880's, efforts for adapt the introduced fechnology in accordance with the conditions in Japan
were carried out. Planning techniques were introduced but the Japanese method was used in implementing then,
the first big projects such as Osakayama Tunnel and Lake Biwa Canal used this system.

After World War I the following causes slowed the advance of the technology,

(l)Most of the government budget was used for mllltary equipment. Fewer finances were provided for
infrastructure investment providing less opportunity for the development of civil engineering technology.

(2)The focus of infrastructure investment was on military railway investment.

(3)This military emphasis by national government policy would not allow the construction of large size structures
because they were easily targetted by the enemy.

During Wofld War II, Japan faced on a prosperity. This propelled the introduction of advanced machinery
developed western countries, and industrial renovation was developed accordingly.

After World War II American technology, mainly characterized the increasing mechanization, shortened
the construction term enormously. This introduction was carried out mainly under the guidance of GHQ(General
Headquarters of the Occupatlon Army) After that time, Japanese engineers pursued civil engineering technology
taking into consideration scientific advancements and the possibility of mechanization.

| The rapid growth of the economy in the 1960s allowed a large ainount of money added to the national
budget Financial backing for construction projects allowed the imported technologies to be applied to the natural,
economnc and soc1al conditions unique to Japan, This process of technological digestion resembles that process of
the Meljl restoration. However, the level and ability of the application were much greater than that of Meiji era,
whnch was propclled by the following general policies concemmg technology development.

b(l)The government encouraged the development of technology through private industries. In detail, the



government created legislation for tax deductions in technological development and joint research projects
between government and private industry. Specialization in the process of construction work encouraged the
technical renovation effectively. General contractor companices focused on the research of construction
technology including construction methods and equipments. Construction consultation companies focused on
investigation and design. As a result of this specialization, the government's institutes shifted towards basic
Icading research and development.

(2)Task committees consisting of experts of university, private industry, and government were organized for each
big construction project. These task committees were very useful for coordinating basic and applied research
information.

(3)The establishment of civil engincering departments in universitics supplied many educated students.

(4)Steel, machine and chemical companies developed technology related to civil engincering. These activities
provided new material and construction technology.

(5)Engineering rescarchers of universitics, government and private industries are often experienced in actual
construction processes at the construction site. This tradition has kept a focus on practical research at institutes
in Japan.

As the whole, It seems that the combination research conducted by the government, private industries, and

universities has played the most important role in the advancement of civil engineering technology.
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3 SEVEN DECADES OF THE PUBLIC WORKS RESEARCH INSTITUTE

The pr‘gcéding otganization to PWRI \;las"the“ Road Material Laborz;tory establlshedm 1921 'Ihe
laboratory became the Civil Engiheefing Lébé_rétb’ry in the next fiscal year. PWRI is onc of the most
_ historic civil engineering insiitﬁtés, attaining‘jifs 70th Anniversary in 1992. This chapter describes the

outline of R&D, change in the Organizétion', and the achievements of PWRI in the advancement of civil

engineering techinology in Japan. -
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3-1 HISTORY OF PWRI

At the time PWRI was born, Japan had little technological background in civil engineering, and technology
was introduced from western countrics. PWRI's initial work was the inevitable transformation of introduced
technology using scientific insight, in order (o fit Japancse natural, topographic, and socio-cconomic conditions.
This experience raised the technical level of PWRI gradually, PWRI began to develop the original achicvements
after World War I1. Now PWRI is one of the most advanced research organizations in the world.

Newly developed technologics by PWRI always applied to practical use, for PWRI's rescarch targets were
always characterized as "meet the needs of the time”. This fact made PWRI more important, which reflected the
cxpansion of the organizatoin. Now PWRI has nine research departments, and a total of 472 people work in them.

As mentioned above, PWRI always changed and improved the research subjects, the target, and the
organization in the seven decades history, according to the social movement. This chapter presents the history of

rescarch achicvements, way of rescarch, and the organization by dividing it into seven periods.

1) Before World War 1l 1922 - 1939

2) World War Il 1940 - 1945

3) Post World Wat I Reconstruction 1946 = 1957

4) First Half of the Period of High Economic Growth 1958 - 1965
5) Second Half of the Period of High Economic Growth 1966 - 1973
6) Structural Changes 1974 - 1986

7) Present 1987 -

3-1-1 Before World War I (1922 - 1939)

1)BIRTH OF THE ROAD MATERIAL LABORATORY

As mentioned in Chapter I, railway construction was given the first priority in infrastructure investment
during the Meiji- Era. Bit in'the 1920s, an inicrease in the number of automobiles afd i the arount of domestic
transportation following the after-war boom, and a recognition of the importance“ of car trdfﬁc in Europe, made
road construction‘a very important national traffic system. The Road law and the Law of Government Security for
Road Construction were formulated in 1'92'0 introducing road construction in Japan. This was considered the
beginning of proper road construction in Japan . | |

The Road Material Laboratory was built in 1921. The laboratory became the Civil.Engineering Laboratory
soon after in 1922. Figure 3-1-1 $hows the main building at Komagome, Tokyd. The 1st director-general was Dr.
H. Maki. This .laboratofy consisted of 38 members including 23 part time workers. Figure 3-1-2 shows the
‘organization chart as of 1922, ' o ‘

‘At that time; Japan had 1 technological back-ground inroad éngineéring'suich as paving material, plant
and paving standards. Therefore; the initial work of the Civil Engindering I;abbrétory‘was' the inttoduction ‘of
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information concerning the road construction. Translation of foreign information, and confirmation and

supplementation through experiments was done at the Civil Engineering Laboratory during that time.

The work of the Civil Engincering Laboratory during this period was the study of the effect of smoothness
and road surface gradient on transportation by'wagon, and the study of asphalt material. The results were
published as the first work by the Civil Engincering Laboratory. In 1928, the test standard for asphalt material was

cstablished, which was the first successful work conducted by the Civil Engincering Laboratory.

>
.

Fig. 3-1-1 Main Building (Komagome, Tokyo).

— FIRST DIVISION ‘
(personel, documents, account...)

- : - |~ SECOND DIVISION * o S
CIVIL hNGINEhRING —1 . (road structure, transportation.;.) ..
LABORATORY : | . | ' I
: * ' f~ THIRD'DIVISION " :

| ‘(asphalt, chemical, experiment...): -

L FORTH DIVISION
(materials, g‘eblog‘y ; .)

Flg 3-1-2 Orgamzatton Chart (as of 1922)
2)GREAT KANTO FARTHQUAKE AND EARTHQUAKE ENGINEERING ST T TN S

v Mid noon, September 1st, 1923, the Great Kanto Earthquake occurred with an energy. Jevel of M 7.9,
Approximately 100,000 persons were killed, ;4,0,000. persons were declared missing and 58,00QJhgps¢>s,;wgr§
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burned. Figure 3-1-3 shows the disastrous scenc in the Ginza area in Tokyo. The Civil Engincering Laboratory
conducted the disaster survey. As a result of the survey, Dr. Mononobe, director of the Civil Engineering
Laboratory, cmphasized research on earthquake engineering such as vibration characteristics and countermeasures
for tower structures, support structures, suspension bridges and girder bridges. These work was presented in
"EARTHQUAKE STUDY IN CIVIL ENGINEERING" p’ublvishcd in 1934, and it formed the basis for research on

earthquake engineering in Japan.

 Fig:3-13 Great Karito Earthquake.

3)AKABANE RESEARCH BRANCH AND BEGINNING OF HYDRAULIC STUDY

| ‘An increase in tl;e demands for river improvement caused the Civil Engineering Laboratory to establish the
hydraulic research faci‘lit'y. The Akabane Branch shown in Figure 3-1:4 was founded in 1 926 at Akabane; Tokyo,
for the study on river engineering. Later this was fenamed as Akabane Research Branch in 1967.

Thisfacility was the first one for hydraulic research in J apan. The model for this facility was the Karlsruhe
Hydraulic Laboratory in Germany. The model experiment for the Kitakami River Weir's tilting gate was the first
hydraulic model expériment; the: study ‘on' Arakawa Iwabuchi Watergate shown in Figure 3-1-5 and study on side-
ovetflow levee were also 'cbildut:téd in the Akabané Research Branch.

Mainly b‘aéié‘r'esearch*ir‘lfoi‘méti'ohf‘was introduced at that time; but the :Akabane Research Branch tried to
provide supplement information th"ﬁiugﬁ experiments and analysis. Analysis of a back water curve, characteristics
of bent flow, scouring at ‘the‘.edge"of ground sill,’h wind forecasting ‘and high-seéa forecasting methods, and a
Similitude ciitéria were conducted. This Work:characterized PWRI as a laboratory ‘which catried out both basic
and applied research. This léharécteri;st'ics'kWasJiﬁhérited,-to the'Shihozaki'EXper'iment'alrLaboratory and -the
Ka’éhii'ﬂa‘rEXperiﬁientélfLabOratory,‘-"Which' would be mentionéd after. These efforfs wete published as "DR.
MONONOBE'S HYDRAULICS", which was recognized as the origin of Japanese hydraulics. :
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Fig. 3-1-5 Hydraulic Expériment for wabuchi Water Gate.

4)OTHER RESEARCH DURING THIS PERIOD .

Other research during this périod concerned welding steel bridges and-land sliding.

(1)Welding Steel Bridges ,
The progress of welding technology-allowed the construction of many. steel bridges in'Japan. PWRI
gathered the information concerning these bridges and published "WELDING STEEL BRIDGES", which

présented the data base for the welding of steel bridges: It was very useful for planning new bridges.

(2)Survey on a Landslide in Kamenose Area - ‘ o

A large landslide occurred in »-Kamehose ‘area, upper region of-the v‘Yamato"fRive’r in;193_1.~'Fig'hre 3-1-6
shows the viéw of the landslide. This landslide destroyed the river and the road. PWRI surveyed the damage and
analyzed the cause of the landslide. This w’ork h;is"been one of the exemplary. research exercises conducted on

landslides in Japan.
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Fig. 3:1-6 Land Failure in Kamenose, Yamato River.

3-1-2 During World War II (1940 - 1945)

World War II forced PWRI to conduct much’ of the military research with a reduced research budget and
staff. The military research conducted during this period included;
* Reinforced concrete which used bamboo instedd of steal.

* River flashing for the clearing of mosquito larvae.
* Durability of dams in the case of bombing,
* Sfabilization of red soil.

The research work was c¢artied ‘out with a poor budget. Therefore, the trend of research was shiftéd
towards ‘basic tesearch and away from' applied research which'cost fuch more nionéy. An approximate analysis
of thé specific’ number of vibratioii of girder with deformed béams, formulation of the standard for feinforced
concrete cantilever bearns, an investigation of the relationship between river gradient and the dianicter of fiver bed
midterials, and formitlation of the sifilitude criteria in hydraulic model experiments, weré all cartied out.

3:1-3" Post-War Reconstruction (1946 : 1957) -

1RECONSTRUCTION
After World War I, GHQ (General Headquater of the Occupation Army) guided Japan's recovery from the
war disaster as a countermeasure against communism, GHQ intended that Japan should be a key nation in Asia.

Japan's reconstruction was accelerated by industrialization.
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2)REORGANIZATION
After World War II, a reorganization of government was carried out. On December 31 st 1947, the Ministry

of Interior was scrapped, and the Prime Ministers efﬁce, Construction Board was established in 1948. At the same
time the Civil Engineering Laboratory was renamed as the First Technological Luboratcry; »

On July 10th 1948, the‘Ministry of Construction was established and the Civil Engincering Laboratory was
renamed again as the Public Works Research Institute (PWRI). Figure 3-1-7 shows the organization of PWRI as

of 1948,

——— General Affairs Division

——— Machinery Diviston -

——— First River Hydraullcs Dlvislon

———  Sécond River Hydraulics Division

—— Hydraullc Structures Dlvlsion ?

——— Lroslén Control Divlsion
Traffic Engineerlng Division

———  Structure Division

- |7~ Construction Materials Division

————  Chemistry Division

———  Geology Divislon

General Affalrs Divlslon
— Training Branch ‘—E Training Division

Construction Machinery and Methods:Division. -

PWRI

Fig. 3-1-7 Organization Chart (as of 1948).

3)SHINOZAKI EXPERIMENTAL LABORATORY AND REPEATED DISASTLRS .

The priority of military investment during the war perlod caused serious natural dnsasters after the war
Table 3-1-1 shows the natural disasters and the damages which occurred durmg the pérjod of 1945 to 1965

. Initial work of PWRI was creatmg countermeasures agamst repeated earthquakes and typhoons after the, ’
war.. Figure 3-1-8 'shows. the ﬂood disaster caused by the Kathleen ’I‘yphoon m 1947, These natural dlsasters :
damaged Japan while it; was under mdustnal -recovery. Therefore, the flrst pnorlty of pubhc mvestment was given
to river improvement projects, and ;he.necessrty for, hy_dr_au,lle researeh 1ncrea§ed.J}Hoiwe,ve,r,)itbe.re.w_as.ne‘facrl_rty‘
for large scale hydraulic model experiments at that time. For the prevention of flood dziui‘age the Shinozaki
Branch Division of PWRI was established in 1952. This was renamed.as :Shinczakj:Experimeu;al:sz}pqrgtoryi'iu;
1967. The Shinozaki Experimental Laboratory was the largest hydraulic research .laﬁdratory in Asia at that time
(see figure 3-1-9). Large scale hydraulic model experiments for dams and rivers were conducted there. -, .. ;. -

RN P S B !

TR-




Table 3-1-1 ‘Main Natural Disasters Occurred during 20 Years after World War 11.

) Name Number
Date of . of
Natural Disaster Killed and Missed
1946 | Nankal Earthquake 1330
1047 | Kathleen Typhoon 1040
1948 Fukui Earthquake 3769
1948 | Iona Typhoon | . 838
1958 | Kakogawa Typhoon . 1269
1656 | Isewan Typhoon 5041
1964 | ‘Niigata Earthquake 25
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Fig. 3-1-9 Shinozaki Experimental Laboratory.

4)NUMAZU RESEARCH BRANCH

The training institute for machine engineer was established in 1949 for the promotion of machinery
construction in Japan. It was renamed as the Numazu Research Branch in 1953. Figure 3-1-10 shows the views of
the Numazu Research Branch at Numazu City in Shizuoka prefecture. The Numazu Reséarch Branch conducted
the education of mechanics and operators, and research in soil engineering, inspection methods for earthwork, and
many tests for construction machines and snow plows. The data obtained in these tests has been very useful for

improving Japanese construction machines. The test standards for construction machine were made and adopted

Fig. 3-1-10 Numazu Research Branch.
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in the Japan Industrial Standard (JIS). Later, test work on construction machines was moved to the Japan

Construction Mcchanization Association which was established in 1964.

S)RESEARCH DURING THIS PERIOD

After World War 11, capitalist western countries give up their sccrecy concerning new technology which
characteristic during war time, and free technical exchange was restored. Japan had the opportunity to receive
introducing the advanced foreign technology and improved it in order to suit the social, cconomical, and
geological conditions in Japan, the same as happened during in the carly Meiji cra. Also PWRI conducted the

same work.

(DAcrial Photography and Geological Survey.

At that time, aerial photography was often used for geological survey in Western countries, because the
geological and topographical conditions of countries fit the characteristics of air photo, and the geological survey
in their colonics was often required. A remote sensing by air photo was conducted by PWRI in the late 1940s.
The acrial photography taken by the U.S. Army provided data on geology and landslides. Later the survey
extended to the use of color photos and infrared photos. Now air photography is used not only for the geological

survey but also for almost all surveys in the field of civil enginecring.

(2)Research on the Outlet Conduit of Dam

The demand for development of flood control dam facilitics under the condition of large water depth
increased, as an increase in the multi-purposed dam construction. In 1953, the first facilitics were imported from
the U.S.A.. Aithough the imported facilitics did not have the discharge control system, development of the control
system was required. PWRI studied the cavitation and air entrainment in the outlet conduit of the dam and the
designs of the inlet and outlet of the pipe. Figure 3-1-11 shows a hydraulic mode] experiment for the outlet
conduit of the Taze Dam. By the late 1950s the facilities which could control the discharge were made in Japan

and were set up on the Futase Dam.

(3)Design Standard for Composite Girder

In the early 1950s, the composite girder consisting of a concrete floor and a steal girder was often imported
and used in the design of bridges. The German standard was used at the beginning. PWRI studied this by
conducting model load tests on a large scale. Distribution of girders, structure and load distribution of the
corresponding tilting channel and lateral channel, and the stabilization of maif girder, the effect of much stopper,
and the effect of bed ‘pl'ate on load '(J:listribution were studied. These studies resulted in the creation of the design

standard for composite girder in 1959.
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Fig. 3-1-11  Hydraulic Experiment for Toze Dam.

3-1-4 First Half of the Period of High Economic Growth (1958 - 1965)

DRAPID ECONOMIC GROWTH
In 1956, the economic white paper described the famous declaration of "reconstruction period has passed"”.

In 1960, the goverment formulated an "Income-Doubling Program". This program resulted in high economic
growth which continued from 1960 to 1973. It should be noted that big projects such as Honshu-Shikoku Bridges,

and Trans-Tokyo Bay Highway were first planned at that time. The organizational change and research work by

PWRI during this peridd are presented in this section.

2)CHIBA RESEARCH BRANCH
The First Five-Year Program for Road Improvement formulated in 1954, started modern road construction

in Japan. That advanced road study. The Chiba Research Branch was cstablished in' 1960, uniting the Struciure
Bridge Branch of the main office, The Road and Pavement Branch of the Akabane Research’ Branch, and the

Construction Mechanization Branch of the Numazu Research Branch (see figure 3-1-12).

Fig. 3-1-12 Chiba Research Branch.
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As for road studies, rescarch on testing methods for asphalt stability, traffic signs, clothoid in road
geometric design and estimation methods for future traffic volume were carried out during this period.

As for machines, construction techniques, and geological studies, trafficability of lime stabilization, the
destruction of levee by penetrative water, performance tests for construction machines and geological survey by a
sounding method were mainly studied.

As for structural and bridge studics, welding technology and the joint structure were studied for the
creation of design specifications and structure standards. For the introduction of prestressed concréte into bridge
design for Japan's PC rigid frame bridge, the pretension PC girder and PC box girder were experimented with the
focus of bridge rescarch has become the protongation of span since the 1960s.

The research during this period is characterized by movement from digesting western technologics to

technological independence.

3)ISEWAN TYPHOON AND KASHIMA EXPERIMENTAL LABORATORY

Casualties of the Isewan Typhoon (1959) reached up to 5,000 killed or missing. The major causc for this
disaster was a high tide as shown in figure 3-1-13. This large disaster yielded a number of river improvement
projects. Therefore, the Kashima Experimental Laboratory, shown in figure 3-1-14, was established in Ibaraki
prefecture in'1952, in order to study port and river hydraulic model experiments.

Three hydraulic research offices of PWRI share these roles. Basic research and seashore research was
studied in the Akabane Experimental Branch, hydraulic experiments for dam were conducted in the Shinozaki

Experimental Laboratory, and large scale model experiments for rivers were conducted in the Kashima

Experimental Laboratory.
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Fig. 3-1-13 Invation of Seawater around Yamazaki River's Mouse (Isewan Typhoon).



Fig. 3:1-14 " Kashima ‘Hydrauli¢ Labotatory.

4)NIIGARA EXPERIMENTAL LABORATORY
In 1960, the Niigata Expeririental Laboratory ‘was: built at Arai city in Niigata préfecture. This laboratory

aimed to study the landslide as shown'in figure 3-1:15. The initial work is the research on the method for

landslide sutvey and countermeasure to landslides at the:test site of the SaruKiyouji Landslide: Later the Niigata
Expétimental Laboratory was added a esearch brarich for srow avalanches i 1963, whéii thie Tapan sea area was

badly damaged by the heavy snow disaster.
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S)INTRODUCTION OF THE DEPARTMENT SYSTEM
In 1958, the-department system has introduced into PWRI because of an increase in research subjects and

budget. Figure 3-1-16 shows the organization as of that time.

General Affairs Division

Planning Division

— River Hydraulics Division

— Hydrology Division ‘

— Erosion Control Division

— Coastal Engineering Division

— River Department

‘ o - — Trefflc'Ehgi‘r}eer@ng' Division
— Road Department ——————— Pavement Divislon
PWRI —] — Bridge Division

| o | ~ Dam Structiire Division
— Dam Depar ——! SRSt e atelFandehd :
; ep tment Dam Hydraulic Engineering Division

B Météﬂais“ and E Concrete Division”
' St’ruéture Division’

| Geology and E Geology Division
Chemistry Department Chemistry Division

General Affairs Division. : ..
o Numazu Research Branch *E Machinery Perf’ormance Division
Construotion ‘Method Division

- Fig. 3-1-16 OrganizatiOn'Cha"rtf(as of 1958).
6)OTHER RESEARCH DURING THIS PERIOD
High economic:growth during the 1960s produced many. infrastructure construction projects: which
supported the activation of research in civil engineering. The research during this period was characterized by a

transition from the introduction of western technology to the development of Japan's original téchnology. A lot of

original techiiology has been developed through the experience of desighihg‘ big projectsi .- .

(l)Survey and Research on Honshu-Shikoku Bndges . :

In 19‘39 PWRI staned the geologlcal survey by air photo, the sounding of the Setouchi sea bottom, and the
research for the construction method concerning pre-fabric strand cables for: the’ construction of: the Honshu-
Shikoku’ Bridges. The research related.to the. Honshu-shikoku’Bridges is changing as the prégress of
implementafioh continues: Seismic design of ’substruCtur_e,? rust‘tpfbof painiing, electric rust proof; wind effect on

“suspension bridge.were all analyzed for the coristruction of-'the long span suspension-bridge. - .-
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These studies were reported in the task committee paper or manual, which supports the construction of the
Honshu-Shikoku Bridges. These achievements were applied to the construction of the Kanmon Bridge built in
1973. The experience encouraged the success of the Honshu-Shikoku Bridges Project. Figure 3-1-17 shows the

.outlook for Kanmon Bridge.

Fig: 3-1-17 Kanmon Bridge.

(2)Formula of Bed Load Transportation

A Formula of bed load :t‘rahsi)ortatior;i in rivers was formulated aﬁélytiéaliy in 1957. Before the formulation,
there had been only an equation by a dimensional analysis for the relation between river flow and the motion of
sand particles on the river bed. - The formula is called PWRI's formula or the Sato, Kikkawa, Ashida Formula,
which was named after the researchers' name. It was useful for the calculatior of river-bed fluctuation because of
its theoretical strictness and easy utilization. The formula triggered not only systematization of river planning but

also the expansion of river-bed fluctuation analysis'in two dimensional or three dimensional forms.

(3)Storage Function Method
In 1961, a method for the prediction of run-off was formulated by using an equation ‘of motion called the
storage function method. This method solved the difficulty in selection of the model parameter and allowed easy

calculation. This method is indispensable for river improvement design today. °

(4)Processing of Activated Sludge in Factory Waste Water.

' It became necessary to process both factory waste and house waste concurrently in urban areas; PWRI built
the pilot plant for the sludge processingsystem (see figure 3:1:18) in Ichinomiya, Aichi prefecture, in’ order to
study the processing of activatéd'sludge in 1961. As:a result of the expefiment, it Was:‘found: that concutrent
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processing was superior in cost economization and keeping constancy of processed matter, and it could work even

if one part of factory or house waste were stopped.

Fig. 3-1-18 Pilot Plant for Waste Water Treatment in Aichi Prefecture.

(5)Estimation Method for Sedimient Yield
It is importantv t"o“"pro}'rﬂpte the fése;;rch :(_)'n seia.iment yield for the effective estimation of the sedimentation
capacity of dam 'lékc.s ;o'r" sabo plans. Since i 960, PWR:I"has begun resezircif in areas such as the evaluation method
" for hydraulic Charé’cﬁtéﬂst_ics in'ihé;ﬁaéi_n‘, geographical chéhgé’by river erosion, and sediment yield. The deductive
formula for the sedinent yleld wa's‘/pf(_‘)‘poséd thrdﬁgh:s'tﬁdigs 'inciﬁding the field survey of sedimentation in 40
dams. | | |
Now this formula is often used in estimating thé amount of sediment yield for the dam, sabo, and river

planning.

(6)Traffic Capacity
During this'time theré was 1o basic data on traffic capacity in Japan. Therefore, the'data provided by the
U.S.A. was referred to during: initial road design’in Japan. The first survey for traffic capacity was carried out
during this period, and the data was used in the reformation of the national design standards‘in 1970.
(7)Traffic Signs - '
- Traffic sighs:were studied through basic or field experimerits in order to find a suitable size for characters,
colors and so on, since the Chiba:Research Branch was’ established in' 1960. The results were applied to the

Meishin Expressway which was the first expressway in Japan.
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(8)Strong Motion Earthquake and Liquefaction
In 1964, a great carthquake occurred around Niigata prefecture. Figure 3-1-19 shows the damage due to the

Niigata Earthquake. The data measured by seismometers for strong earthquakes was very useful in research on
the Niigata Earthquake. From this experience, PWRI developed a plan for making a network of seismometers in

1960. Today, they are sct in 352 places (as of May 31st, 1992) in Japan. This contributes to the analysis of strong

carthquakes.
The cause for the severe disaster due 't‘o the Niigata Barthquake seemed to be liquefaction. PWRI started

rescarch on the prevention of liquefaction such as mechanisms for liquefaction, designs for Vertical crasher dredge

and so on. The research on liquefaction has been engaging. Recently a formula for the prediction of reformation

was cstablished.

Fig. 3-1-19 Niigata Earthquake.

3-1-5 Second Half of High Economic Growth (1966 - 1973)

1)NEW RESEARCH PIVISION'AND DISTORTION BY HIGH ECONOMIC GROWTH -

The first half of the period of the high ecofiomic growth caused a environmental pollution. These issues
were represcntedl in decisions for the plaintiff-in‘the case of thé.Itai~Itai Disease (1971), the Minamata Disease
(1973), which results from the dischafge of factory waste, and noise emission problem at Osaka International
Airport. Another distortion during this: period. was a-lot' of traffic jams in large cities. An increase in traffic
accidents became notable. The keyword ! Traffic: War" becamie popular at that time.

These distortions for'cv:ed)PWRI to build new research divisions studying these environmental ‘problems.
The Foundation Engineefing Division 1966,, thev'(‘}r‘o‘llmd Vibration Division, 1968., the Urban River Division,
1969., the Traffic Safety Division, the Planning Division, the Slope Failure Division, 1970., fhe Water Quality
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Division, the Traffic Environment Division, the Fill-Type Dam Division, 1972, the Advanced Waste Treatment
Division, the Water Resources Engineering Division, the Soil Dynamics Division, and the Earthquake

Engineering Division, 1975 were established in PWRL.

2)RESEARCH DUING THIS PERIOD
As the research, aimed at efficiency in infrastructure construction was near complction at that time, PWRI
changed gradually its trend of research. More diversificated or complex research began to be taken on from that

time. The following rescarch is the most notable.

(1)Lithological Classification of Ground Rock

Dam building was often obstructed by unsuitable geological bed conditions at that time, because suitable
sites were rare. The survey for damsite geology was becoming more important. PWRI carried out the lithological
classification for damsite geology in order to estimate the strength and reformation characteristics of the rock
plate. This work resulted in an increase in the number of possible-damsites in Japan. The research is still ongoing

now, aiming for further progress in utilization and for wider application.

(2)Detached Breakwater

At that time, examples that the beach erosion was increasing because of the construction of harbor facilities
or the utilization of river sand for construction materials. In order to prevent the beach crosion, the detached
breakwater built parallel with the»seashore was develOped. Moreover, it has also the faculty for impetus of the
sedimentation of sand. The first detached breakwater was built in 1971 at the Kaike Beach at where almost all of
the beach sand had run off. Figure 3-1-20 and 3-1-21 sl.r(v)ws:the's.zime site at Kaike Beach, Figure 3-1-20 shows
the beach without the breakwater, and 3-1-21 shows thé beach revived by the breakwater This success made it the

popular method for the protectron of sand run-off from beaches in Japan.

(3)Numerical Simulation Modél of Water Pollution |

It was difficult to prediCt‘the level of water'p(‘)lltttion which began to be Japparent in the period of high
economic growth. The luck of a prediction method for water pollution resulted i in Itai-Itai disease and Minamata
disease. This situation demanded the development of countermeasures to. water ‘pollution. PWRI studied the
diffusion of contaminants to r1Vers and: lakes, re- aeratron river self-purification and developed a numerical

simulation model for water pollutron,
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Fig. 3-1-20 Kaike Beach (before the construction of detached breakwaters).

Fig. 3-1-21  Kaike Beach (after the complation of detached breakwaters).




(4)Design of Flat Arch Dam
The collapse of the foundation of the Malpasset Dam in France focused attention on the foundation design

because it had been considered that the rock plate was harder than the dam.
Designs for the flat arch dam, developed by PWRI, reduced the shear force in the rock plate without

changing the inside stress of the dam. The design method for flat arch dams improved the stability remarkably.

Figure 3-1-22 shows the Yahagi Dam which has typical flat arch dam features.

Fig. 3-1-22 Yahagi Dam.

(5)Over Flow Levee

The major reason for the Uetsu disaster in 1967 seemed to be the destruction of the levee by over flow.
PWRI developed an "Armored levee" in which non woven fabric of high polymer material was Jaid just beneath
the slope of levee. Figure 3-1-23 shows the experiment for over flow on the "Armored levee". Today an “Armored

levee" was built at Kako River ete.. The work pioneered a new policy for protection against exceptional flood.

(6)Effect of the Honshu-Shikoku Bridges on Local Economy

Effects of the Honshu-Shikoku Bridges on local and national economy were simulated cconomically. At
the beginning of this research, impact on a mileage was investigated, and this improved the standards for road
geomelry. But a more elaborate analysis was required after a problem concerning the regional economic
differences occurred. Research on the development of numerical models concerning local economics and their
simulation method were carried out since 1967. PWRI is now conducting the research on the method for

estimation of the effects of infrastructure investiment.



Fig. 3-1-23 Real Scale Experiment for Armored Levee.

(7)Analysis of Traffic Accident
The number of traffic accidents became on urgent problem in this period of economic growth. PWRI began
to carry out research on the relationship between traffic safety and road geometry such as the intersections, road
width, and facilities for traffic safety since the foundation of Traffic Safety Rescarch Division in 1970. The
rescarch carried out up until now are as folloWs; v
+ Sampling of the dangerous zone (-1979)
* The effects of countermeasures against traffic accident on transportation, and statistical measuring
methods for the efficiency of the countermeasures cnsuring safety (1980-1984)

Recently a data base for traffic accident information was created.

3-1-6 Stable Growth (1974-1986)

DSTABLE GROWTH
A Dollar Shock (1971) and a Oil Shock (1973) discontinued the rapid economic growth in Japan. The

government carried oul a policy for a reduction of domestic demand and the economization of encrgy

consumption. Stable economic growth began.

The policy for an activation of regional arecas was created at that time. Balanced deconcentration of

industry in regional arcas was the focus of the 3rd Comprehensive National Land Development Program.

2)MOVE TO TSUKUBA CITY
PWRI moved to Tsukuba city in 1979. That was decided by the Cabinet in 1963. This movement was
undertaken in order to promote a deconcentration of government offices (o rural areas from Tokyo. Migration

began in 1971 with the construction of a test track and was completed in 1979, uniting all departments in Tsukuba
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City. New divisions such as the New Transportation Systems Division, the Ultimate Disposal Division, the Flood
Disaster Prevention Division, the Dam Hydraulic Engincering Division, the Planning Division, the Personnel and
Welfare Division, were established at that time. The main office and the Chiba, Akabane Research branch, and

Shinozaki, Kashima Experimental Laboratories were united in Tsukuba city (see figure 3-1-24,25). Today PWRI

has about 500 staff members compared to 38 staff members at PWRI's inception.

Fig. 3-1-24 Bird Eye's View of PWRI.
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Fig. 3-1-25 Main Building of PWRI,



3)RESEARCH DURING THIS PERIOD
Research during this period was characterized by the development of original technology and this way

reached the same level as in Western countrics,

(Study on Alkali Aggregate Reaction

Alkali aggregate reaction, shown in figure 3-1-26, is one of the causes for the deterioration revealed in the
1970s. PWRI standardized a testing method for aggregate materials in order to prevent the expansion of an alkali
aggregate reaction. This resulted in a decrease in the case of rapid deterioration, and it contributes to the

maintenance-free character of newly constructed concrete structures.

Fig. 3-1-26  Alkali Aggregate Reaction on Bridge.

(2)Study of River Channel Characterlstlcs

In a river improvement plan, the desngn of the nver c¢hannel is the most 1mportant factor to prevent
disasters, because large scale construction becomes p0831ble as constructlon technology. progresses. PWRI
proposed a method for obtaining the river width and the main channel width by ﬁndmg the relauonshlps among
bed material, width of main channel gradient of river bed and hydraulxc characterlstlcs of flood. Today river

improvement projects are formed based on this idea. -

(3)Study on the Use of Waste Sludge for Constructnon Material _ _
~ An increase in waste sludge is one of the most senous problems in Japan PWRI dlscovered a way to reuse
waste sludge for construction malenal such as pavement and concrete chemicals for subsoxl 1mprovement Many

of the local governments which have the. pr0b1e‘m of sludge pressing, apply PWRI's ideas for waste sludge.
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(4)Study on RCD Method

It is well known that a gravity concrete dam is the most suitable type for Japanese mountainous geography
and a large amount of flood flow compared to the capacity of a dam lake. However, high labor costs due to high
cconomic growth pushed up total construction cost. The high-rise of costs required the economization of the
construction of gravity dam. RCD (Roller Compacted Dam) established by PWRI has many advantages in terms
of allowing both economical and rapid construction. Figure 3-1:27 shows the view of the dam construction site

using RCD method. Now RCD is popular in Japan and is cxported to foreign countrics.

‘Fig. 3-1-27 RCDV.Méiho'd in Dam Construction Sife.

(5)Field Survey of Dangerous Sites due to Sand and Soil Collapse

High land value made the residential area narrow and steep. That led to an increase in accidents by
landsﬁde. PWRI conducted the field: survey, the topOgiaphical and statistical analysis, and the numerical
calculation 'of ‘land: collapse including debris flow; landslide, slope failure, snow avalanche in order to develop
countermeasures -and to prevent disasters. This study resulted in the discovery of 180,000 places in danger of

collapse and the development of new countermeasure methods.

(6)Study on the Ventilation of Road Tunnels
- Long distance road tunnels have the problem of a lack of ventilation for emission gass. From 1975, PWRI
studied the electric dust collectors and a longitudinal ventilation system. The results advanced the ventilation

'efﬁciency of systems and economized the set-up cost for these systems.
(7)Development of a DJM Method

The hardening of soil is one of the most important problems for construction in city areas in Japan, because

almost all large cities are built on weak stratum. The DIM (Dry Jet Mixing) method developed by PWRI aims to
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Fig. 3-1-28 DJM Method on Haneda Offshore Expantion.

harden the soft ground plate. Dry cement or lime is directly mixed with soil by this method. Many advantages
such as the firmness, and quickness have made DIM very popular. The total volume of soil hardened by the DIM

method had rcached 780 million m* by 1991. Figure 3-1-28 shows the DJM method at the Haneda International

Airport offshore expansion.

(8)Study on the Stabilization of Road Cut and Bank

The high cost of land forced the slope of road banks and road cuts lo be steep, therefore increasing the
dangerous possibility of landslides. PWRI cleared the mechanism of sliding by water penctration and studied the

prediction method for landslide and design method by using a geotextile as shown in Figure 3-1-29.

(9)Study on the Recovery from Earthquake

Anti-carthquake bridge design created a new problem while preventing bridges from perfect destruction.
The problem was that there was no criterion for rebuilding damaged bridges. The Miyagi Offshore Earthquake

(figure 3-1-30 shows crack on bank), which occurred in 1978, triggered the study on repairing earthquake-

damaged bridges.
PWRI published the "MANUAL FOR REPAIR METHODS OF CIVIL ENGINEERING STRUCTURES

DAMAGED BY EARTHQUAKES" in 1985, for repairing carthquake-damaged structures. This method includes

the criterion to evaluate whether damaged bridge should be repaired or newly built. This manual was used for the

recovery after the Mexican Earthquake.




Fig. 3-1-29  Experiment for Reinforcement of Embankment.

Fig. 3-1-30 Miyagi Offshore Earthquake.



3-1-7 Present (1987 - present)

1)SOCIAL AND ECONOMIC BACKGROUND
The Forth Comprehensive National Land Development Program, formulated in 1987, aimed at;
*Developing functions in regional cities.
*Making regional areas competent,
*Creating unique regions.
*Sharing roles and creating a cooperative relation among regions.

In order to complete the project, the Honshu-Shikoku Bridges are scheduled to be completed in 1998 (sec
figure 3-1-31), as well as the Trans Tokyo Bay Expressway, and the Second Tomei- Meishin Expressway have
been planned..

The break-up of the U.S.S.R. signaled an ¢nd to the Cold War. This haé revived nationalism and has
created instability in world politics. Japan's économic and technical cooperation is needed to help maintain world
political order.

Global warming, acid rain, deforestation, the ozone hole and abnormal weather in parts of the world
demand economic cooperation and new technology. In addition, the demands for improvement of life standards

became larger.
2)SYSTEM AND ORGANIZATION OF RESEARCH

(1)Organization and Budget

The Construction Management Engineering Center was founded in 1991 for the purpose of research in

Fig. 3-1-31 Honshu-Shikoku Buridges.




construction management for both government and private company and the activation of the construction
industry as a whole. Figure 3-1-32 shows the organization of PWRI as of January, 1993. Now PWRI has 9
departments, | center, 1 experimental laboratory and two support departments. The legally fixed number of
officials is 472, and 50 accept rescarchers. Figure 3-1-33 shows the rescarch budget during the recent 10 years. As
shown in this figure the peak of the budget was 46 million dollars in 1987. However, the number of joint projects
with privatc companies is increasing recently, therefore the real research budget is much larger than the 1987
level.
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Fig. 3-1-32 Organization Chart (as of January, 1993).
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Fig. 3-1-33 Research Budget during the Recent 10 Years.

(2)Research System
The Five-year Research Plan characteérizes research at PWRI. This plan aims to make clear the direction of

research in response to social and administration side's needs through a project plan. Now, research in PWRI is
carried out under the Third Five-year Research Plan (1992-1997) formulated in 1991. 478 different kind of
| research are being carried out in PWRIdurmg the 1992/1993 fiscal year.

An other characteristic "of' fescaréﬁ in PWRI is the ?ractice of joint résearch‘prdgr‘ams with other
organizations such as div’isi()'ri_sf in PWRI, universities, or privaté companies. For the rationalization of joint
rescarch projects, it is noted.that a precise plan for research is to be made by sufficient discussion and

management. Joint research programs were managed in order to gain a achievement within 3-5 years.

3)PRESENT RESEARCH _ |
Most of present research aims at éffective utilization of national land, economization of materials and

energy and environmental problems. Especially in the case of the environmental problems the scale of
experiments becomes large. Furthermore, interdiciplinary research among the physical sciences including
biological, chemical, and material:en‘gineering, electronics, human engineering, and information engineering

‘characterize recent research conducted by PWRI,

(1)Envirorimental Problem . o ,
Climatic change through global warming is feared in the future. The research on predicting change is being

conducted by many scientists all over the world. PWRI has established research programs concerning the
environmental problems. A nurnerical simulation méthod for reversing the effects of global warming on rainfall in

a river basin is being studied in PWRI, Management methods for river channels, seacoasts and dams are also
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being studied in PWRI due to effects of global warming.
PWRI is also studying amenities. The research includes on cenhancing the river landscape, a method for
improvement by natural materials, tree planting on the road side, construction of the "Eco-road" concept in which

animals could cross the road (see figure 3-1-34) and anti-eutrophication in reservoir using biotechnology.

Fig. 3-1-34  An Animal Pass of the "Eco Road".

(2)Technology for Maintenance and Reforming of Structures

The alkali aggregate reaction was discovered through the experience of repeated accidents on concrete
structures in Japan during the 1980s. Precention methods for alkalj aggregate reaction were studied at PWRI.
These included selection of material, the repairing method for deteriorated concrete by covering material, the non
destroy method to inspect the repairing effect quantitatively by using the infrare, the super sonic and the elastic
wave.

On the other hand, the field survey for fatigue and damage at the welding point of plate girder was
conducted. The repairing method and the reinforcement method for members were studied using the surveying

results.

(3)Sewage Processing Technology Using Biotechnology.

Biotechnology is applied to advanced sewage processing systems. In detail, micro capsules of bacterium
which cleanse waste water and absorb rare material, by. fixing to the bacterium on plastics surfaces, and the
development of a bioreactor (see figure 3-1-35) have been studied, This research downsized the processing unit

by 1/2 - 1/10 compared with the usual, and the high condensing of special bacterium.



Fig. 3-1-35 - Bio-Reagctor at Pilot Plant.

(4)Seismic Design for Fill-Type Dam.

~ Obtaining analytic résu!ts’concemin‘g the dynamic’ characteristics of the ﬁll-’type' dam; matérials and the
relation between the motion of carthquakes and the seismic response of dam, all makes'it possible to develop the
seismic design for the fill-type dam. Now this method is popular-as-a' guideline for the seismic design of newly

built fill-type dams.

(5)Research of Pyroclastic Flow
The eruption of Mount Unzen (1991) caused disaster through pyroclastic flow. This disaster urged research
on pyroclastic flows., PWRI is studying the basics of the vertical or longitudinal distribution of velocity'and

density, and pressure. Figure 3-1-36 shows the model experiment for pyroclastic flows. PWRI is also studying the

research for developing countermeasures against pyroclastic flows.

(6)Research on the Second Tomei:Meishin Expressway '+ :
‘The Second Tomei-Meishin Expressway will be'the new imajor’transportation line betwéen the Tokyo aréh
and the Osaka area, Maximum design speed of fthesef‘éxpres's'wéys5are"14'()km'/h;?’hi’gh'er‘ftha‘riv that'of ‘the FHirst

Tomei-Meishin Expressway for the purpose of increasing transportation capacity. It is expected that both new

expressways will face difficulty in their construction, because construction sites are in mountainous area. PWRI is
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Fig. 3-1-36 Experiment for Pyrocrastic Flow.

studying tunnel technology especially with large cross sectional arcas and wide bridges with multi lanes.

Other problems in a design speed of 140km/h are the psychological effects on the drivcrs. Psychological
reaction to this driving speed was tested by using driving simulator. These tests include sight distance at 140km
cruise, the road ali'gniheht, gradient and width of the road, lighting in tunnel, visibility of traffic signs, safety

systems, dispersion of emission gas or noise. Countermeasures against these problems are studied now.

(7)New Technology in Pavement
High speed driving in the rain creates the hydroplaning and _n’o‘is'e problems. PWRI studied the way to
reduce these problems, and the permieability of pavement.
) 'Mor'éo"\?er,‘;:the RCCP (Ro’ll'er‘:(;fompaeted Co’ncrete Pavement) developed in PWRI is one of the new
technology for pavement. Accordmg to the RCCP ‘method, zero-slump lean concrete is rolled at road construction

sites. RCCP prov1des effecuve and low-cost construction and the best design mix in concrete. Recently the

Ministry of Construction has pilot plants using RCCP.

(8)RACS (Road-Automobile Communication System)

RA(TZ?'S”prfesed‘fé an information service linking car drivers and the road administration office. PWRI
developed RACS by whichinformation about the posiiion, acciderits and road imiplementation is relayed to cars
through beacons at the road side set directly (see figure 3-1-37). RACS is in the field testing stagc in Tokyo,
Nagoya and Osaka “The fiext’ step of the development of RACS i facsiile transpot.



Fig. 3-1-37 Road/Automobile Communication System.

(9)Technology for Utlluatlon of Underground Space

Over population in cities, demands for construction of mfrastruclure and expensiveness of the land value
require the use of underground space. PWRI conducts research on utilizing underground space using surveys on
existent underground facilities, des‘i_gn and construction methods, development of environmental control systems,

fire control systems, and underground transportation systems.

(IO)Large Scale Wind ’I\mnel Experlment L . -
The Akashi Narrow Brldge with a l990m length and 4000m inits whole length would become the largest

suspension bridge in the world when it 1s completed It was sunulated w1th a scale of 1/ 100 in lhe wind tunnel
w1th a width of 41m, and a helght of 4m Flgure 3 1 38 shows the experiment for brldge stablhty agamst strong

wmd In this experlment countermeasures agamst vibration. both under and after constructlon would be studled

under the every-directional winds.

(11)Information System for Dlsasters N N ‘
, Por effcctWe recovery from dlsaster and preventlon of the expansnon of dlsasters due to earthquakes or
heavy rain fall,_a ,system,»for the gathering and communlcatloh‘ of mformetlon :concernmg,dlsesters_ requlre‘s

development T R , ‘ . | |
PWRI i is developmg the dlsaster recovery planmng support system Thls system presents the mformatton

which is necessary for quick recovery by using helicopters i in the case of serious dlsasters occurring in large cities.
The results publlshed on the "GUIDELINES FOR DISASTER INFORMATION SYSTEMS (proposal)".
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Fig. 3-1-38  Aerodynamié Expériment for Akashi Bridge.

(12)Research on Constriiction Management

In order to activate the construction mdustry and to raise the Japanese technical level, PWRI conducts
research in constructlon management the 1mprovement of the cost-estlmatmg ‘meéthods, mvestxgatlon of foreign
construction ‘management systems, and thé system for smooth appllcatlon of new technology to practical

constructlon "and structiral standard.”

~79—



3-2 THE ROLE OF PWRI ON ADVANCE OF CIVIL ENGINEERING
TECHNOLOGY

PWRI plays many roles in the development of the civil engineering industry in Japan. Contributions to
leading technological development, arrangement of cooperation among industry, university and government, and
engincering education are notable.

The role of PWRI in civil engineering technology is presented in this Chaptér.
3-2-1 Promotion of Pioneering Research and Development

As mentioned in chapter 2, Japan's civil engineering' has the history that foreign technology was introduced
at the beginning of modern Japan, and after that original techholdgy was developed. PWRI contributes to making
history in every field related to civil engineering such as road, river, dam, sabo, sewage, construction machinery
and technology, bridge, wind and seismic engincering. Today almost all Japanese technology is at the highest
level in the world. Main applied research fields conducted by PWRI in the past are;

* Methods for control of alkaline aggregate reaction

* River planning method including the prediction of sediment yield, bed fluctuation, movement of bars

: Sewage processing technology in narrow land area B ' - | o

*+ RCD method (Roller-compacted Dani method) which can ecoinomizé thé cohsttuction@onk N

+ Erosion control techniques surmountmg ngorous topographlcal and geologlcal condmons ‘ o

* Roads with hlgh efficiency, durability and safety : lighting systems/tunncl ventllatxon systems/mformatlon
systems

* Construction machinery with easy operation, safeness, and hi-c/p

* Technology for long span suspension bridge

* Seismic engineering which prevent earthquake disasters on soft ground

- Automatic design system clearing worker's pain

Also PWRI has contributed to basic research. Research work completed by PWRI has been adopted in
digesting western technologies. It often seems that the technology named by PWRI are seen in the publications of
civil engineering. In the beginning of civil engineering in Japan, PWRI had done much basic research, and

moreover many researchers of PWRI moved to universities.

Needles to say, the role of PWRI as an organization of the Ministry of construction is very important. The

most important work of PWRI is in proposing new projects with new technology to the administrative
organization of Ministry of construction through the process of analysis of social and economic problems,
investigation of new prOJects, technological development concerning new projects, and evaluation of the plan.
Direct management of construction work includes roads, river improvement, dam construction, and sabo
works. PWRI supports this construction from a techmcal aspect. PWRI evaluates the construction plan, and gives

advice for the plan. Researchers from PWRI would go and support if problems occurred. at the construction site.
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‘PWRI often publishes manuals and standards for construction work. These are very useful for the
systematizing and rationalization of construction.

For obtaining the cooperation of residents near construction sites, it is important for them to recognize the
cxcellency of the Ministry of construction in the technological and administrative ficlds. In order to show the
excellency of researchers at PWRI, they attend the symposiums and the Civil Engincering Society's rescarch

conference, and arrange joint projects with universities.
3-2-2 Job Training

In the education of civil engineers PWRI has played an important role. In the beginning of civil
engineering education in Japan, PWRI supplied researchers as faculty staff to universitics, This faculty staff had
experience in bradt_ical rescarch ‘at PWRY, therefore, they taught in universitics from the stand point of not only
theory but also practice. As a result of it, many students graduated from universities to bc engineers with practical
sense.

The Construction College of the Ministry of Construction is a unique educational organization for the
Ministry of Construction staff. Engincers of government and local public bodies study the newest technologies
there. Many research members of PWRI teach civi] engineering as the college temporary tutors.

On the other hand, young researchers belonging to PWRI were educated through the short-term training
programs, but mainly through the job training.

An interchange of engineers between PWRI and the administration division of the Ministry of
Construction has merit in that the engineer from the administration division is able to study the basics of civil
engineering through the experience of research and development of new technology and of making a technical
manual, while researchers of PWRI are able to absorb the practical know-how from the construction side, trends

in social problems, and the demands from the administration side.
3-2-3 Coordination of University and Private Company with PWRI

The total management of civil engineering technology in Japan is an important role of PWRIL. It is well
known that private industry studies practical subjects and the university studies basic or theoretical subjects.
PWRI has both faces of practical and theoretical. The neutral position of PWRI allows the position of coordinator.
Joint projects between PWRI, universities and private construction companics allow the transiter of technology

- from university to cons‘tr_uetibn company or from construction company to university.

(1)Giving Research Information to Universities and the Practice of Joint Research
It is well known that universities can concentrate on special subjects but rarely gather information for
practical construction work. Furthermore, they have a high ability but not a large enough budget and facilities.

In the relationship between PWRI and universities, PWRI gives practical information to university staff



through attending rescarch conferences, and promoting joint research programs, then they utilize the analytical
ability of universities for practical construction work. This makes it possible to join PWRI's large and cxpensive

facilitics with the theoretical and analytical ability of universities.

(2)Coordination with Private Companies

Direct cooperation with private companics was obviously seen with the establishment of the Construction
Mechanization Association in 1964. It promotes the mechanization of construction work through cooperation
with privatc companics, ‘

Because of an increase in construction work, the role of private industry is becoming important. Recently,
the practical work was often left to private companics. Development of applied technology by the private scctor
is expected to be strong.

Private companics characterized these items such as difficulty of conducting basic rescarches, poor
research budget and facilitics, and the production of original technology only for their own use. PWRI supports
the applicd research of private companies through rescarch funds. The details are written in chapter I1. The results

of the research are opened (o the public through the publication of several journals.
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4 PERSPECTIVE ON ECONOMY, SOCIETY AND PWRI

"Meet the needs of the time" has been an ideal of PWRI, therefore, prediction of problems
concerning future economy and socicty are some of the most important work of PWRI, Trends in the

Japanese economy and society, and how it affects future perspectives in research subjects for PWRI are
introduced in this chapter.







4-1 GENERAL TREND OF SOCIETY

Key concepts which characterize future trends are Aging, Women Labor, Information-Oriented Society,
Comfortableness in Living, Environmental Conservation, Natural Resources and Energy Economizing, Urban
Problems and Internationalization. There may be clues for the examination of future (rends among the above

concepts. These key concepts are discussed in this section.

1)SHORTENING OF LABOR

Average longevity in Japan is the longest in the world, and the average number of children in a family is
less than 2.0. A population pyramid in 1950 and 1988 in figure 4-1-1 shows the decrease in new-born babies and
the increase in aged people. The base of the pyramid in 'l 950 is the largest and it shifts to the middle generation in
1988, whereas the youngest generation in ‘1988 is much smaller than that in 1950, These features of population
and family statistics indicate that Japan will be come on aging society as shown in this figure. Figure 4-1-2 shows
the comparison of the rate of aged persons (above 65 years) between Japan and other advanced countries. This
figure shows that the labor force in Japan will age much sooner than that in others. This is a big disadvantage for
the Jabor force. o ‘ | |

On the other hand, there is a advantage, ‘Fig,l‘)re, 4-1-3 shows the share of,womcn in the labor market. There
is a possibility that the numbér of WOxﬁen in labor force will increase in response to a shortage of labor because
Japanese women in their thirties are often without an occupation. This situation might be positive from tl'lie view
point of feminism. ‘ ' ‘

~ However, such situation could not solve the problem ‘perfectly even if labor-saving by techriol(")’yg"ical

improvement and a rise in the age limit would be considered. The analysis of the Ministry of Labor expects that a
~ shortage of 1.6 million-1.0 milliét; (in anticipgtiqn of industrial renovation) number of labor will occur in the

2000s in the case that a 5-day week work system(l 800-1900/hour work in a week) is perfectly introduced.
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Fig. 4-1-1 Population Pyramid in 1950 and 1988,
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2)INFORMATION NETWORK

Figure 4-1-4 shows sales figures for the information service industry. This figure shows a rapid growth in
the market larger than the growth rate of GNP. This movement produces new information indus‘irics such as the
data-base industry and the system integrated industry. The information industry will be more and more important
for the national economy in the future for the promotion of ratlonallzquon and labor-saving in service, sales,

distribution, and transponatlon
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3)BETTER QUALITY OF LIFE ... .- _ i , F , o

- It is well known that ma'xiy“Japanesc peéple do not feel satistied with. their standard of living though Japan
has the second largest GNP in the world. The dlssatlsfactlon is characterized by-a so:called rabbit hitch, expensive
fand value, overcrowdmg and a long commuter time to the office from home, long working hours, and alack of
greenety, Figure 4-1-5 shows a-poll result, Thlsresult suggests that the emphasis of individuals is on leisure and
the pursuit of a better quality of life since thc 1980s Thesé résults show that the consclousness of-Japanese people
about their standard ofhvmg ischanging... : o . oo e 0 e

e
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Fig. 4-1-6 Emphasis in Future Living.

4)ENVIRONMENTAL PROBLEMS 7

The 1992 global summit held in Braiil suggested that sustainable developﬁ1er1t is oﬁfé of the most urgent
problems to be solved in order to conserve the glbbal environment. _

Figure 4-1-6 shows the varratlon of global temperature in the period from : 1861 to 1989 The increase of

global temperature in the past 100 years, ¢ aused by the green house effect, is 0.3- O 6 degree centigrade. Figure 4-
1-7 shows the prediction of a regrona! CO, emission per a person. This figure mdrcates that advanced countries
arc responsible for global warming. This in tum may indrlce a rise’in sea*révas' and abnormal weather. These
phenomena give cause for anxiety in terms of hydraulic structures built in river and coastal areas. Emission of
CO, which might be the cause of the grecnhotise effect’ will necdssitate’ the dévelopment of new clean energy
substitutes for fossil fuel energy.

When the stratospheric ozone layer is depleted and ultraviolet radiation iticreases, a wide viriety of effects
are éxpected on man, fauna and flora and faterials (including S)"r‘rtheticresin)' These may include adverse effects
on the ecosystéms, and in"addition to adverse impacts on-man's health;” increases’in the' mcrdence of skm cancer
and cataracts. o e R : e e 7

The disappearance of forests in Affica and South America is dramatic as sheWn‘in’ Figure 4-1:8: FAQ
issued a stern’ warning in their report in 1990, In'‘detail, the dis’éipé’tieii of forests is ‘IWidenjng twice as fast as the

case reported in 1981. Figure 4-1-9 shows the expanSion of desert areas. thevé,)rpansioh‘*lis serious ‘especially ‘in
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south area of the U.S.A., cast area of South America, middle-cast arca of Asia, and Australia.
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As mentioned above the quality of life demands environmental conservation on both global and local scale,
such as the improvement of sewage systems and parks, the enhancement of landscape, river environment,
conservation of ecosystems, and the recycled utilization of construction products and the processing of urban

waste by Government,

5)URBAN PROBLEM

The most serious obstacle to urban infrastructure investment in Japan is an extraditionary high land value.
For example, loop highway 2 from Shiodome to Toranomon in Tokyo has only a 15.4 million dollar construction
cost, while the land price of the construction site reached up to 6.9 billion dollars.

‘There is the possibility that the concentration of industry and population in the Tokyo arca will cause traffic
jams, environmental.problems, .and a shortage of countermeasure against disasters. A deconcentration from the
Tokyo area to rural areas should be promoted in the future, being supported by the Fourth Comprehensive
National Land Development Program, by means of improvements in local areas, networking, and transportation

systems between big cities and local areas. : -

6)THE INTERNATIOLIZATION OF JAPANESE SOCIETY AND ECONOMY
Recently it is required for Japanese society and its economy to be open to foreign countries. The following
are the conditions for opening to foreign countries. :
. (lil Reformation of:business customs to alldw foreigners easy access to the Japanese Market. .
(2) Allowing access to information regarding research and technology COﬁlpleted in'Japan.

(3) Adding an international division to ‘regional f;itieS_ and creating a-network among cities.: .
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4-2 BASIC CONCEPT OF RESEARCH

PWRI must coordinate the direction and subjects for research constantly to keep up with the changing

needs of society. Therefore, certain key concepts must characterize this research.

I)RESEARCH AND DEVELOPMENT FOR DEMANDS FULL OF VARIETY
To study and develop the detailed demands on the technology concerning disaster prevention and

construction is indispensable because people's demands on the infrastructure are diversifying and complicating.

2)RESEARCH AND DEVELOPMENT FOR ADVANCE OF PEOPLE'S UTILITY
It must be noted that infrastructure investment should always consider the user side. Public facilities should

be casy to use, and construction technology should be easy for the builder to adopt in practice.:

3)RESEARCH AND DEVELOPMENT FOR ENVIRONMENTAL PROSPERITY

It is important that construction works utilize the natural condition at a site, minimize environmental

4)RESEARCH AND DEVELOPMENT FOR INTERNATIONAL UNIVERSALITY
Japan's role is becoming bigger, especially in the field ‘of €économics and scientific’ téchnology. Recently
PWRI has been asked to supply technical information to 'foreign' couiitries, Therefore; the technologies developed

by PWRI should be applicable to the conditions of other countries in‘the world; -

S5)RESEARCH AND DEVELOPMENT FOR TECHNOLOGICAL ORIGINALITY

Original technology must be developed to overcome severe natural conditions and the changing social
needs in Japan. Japan must lead foreign countries as one of the most advanced technological countries in the
world. Therefore there is a responsibility to develop original technology by applying former achievements and

through cooperation with academic and private interests in society.

6)RESEARCH AND DEVELOPMENT FOR FINE FEATURES, GOOD PERFORMANCE, AND HIGH
DURABILITY

Roman Water Bridge is one of the favor remains of infrastructure, because it can work still now, and its
fascinating feature gathers the sightseers from all over thé¢ world. PWRI should study the methods for the
construction of artificial structure which are superior in their performance, feature, durability like the Roman

bridge. The study for preservation technology of them is also important.




4-3 RESEARCH TO BE STUDIED IN THE FUTURE

Rescarch subjects to be studied in the future based on social and economic trends are discussed in this

_section.

1HIGHLY ADVANCED UTILIZATION OF NATIONAL LLANDS

A concentration of industry and information, which can be scen in the Tokyo and Osaka arcas, disturbs not
only the urban performances, but also growth of local citics. To obta‘in further cconomic growth, balanced
deconcentration will be achieved by the construction of expressways with new design standard, long span bridges
and tunnels. These projects will compose the new multi-polar national land in which local citics wiil be connected
to each other by transportation nétworks. PWRI has o study the methods for planning, design, and construction
of these neiw transportation facilities.

Inflated land value is the major reason for long commuter time that residents in large citics must travel,
Therefo‘re, they can not feel comfortable in their everyday living. It is very hard to improve road traffic in large
cities because of this excessive cost for land. Deéflation and stabilization of land value, well-designed urban plan,
stipplement of land for residénces, and improvement of roads and subways would be indispensable in order to
solve the urban problems. One solution is to use large under ground spaces, which could be called "the new
frontier" for urban areas. PWRI has to study construction technology to utilize underground space.

Recently shortages of water supply often occur in Japan and these often damage big citics. New

technology for improving water resources and water supply systems should be developed soon.

2)]NFRASTRUCTURE INVESTMENT FOR DISASTER PREVENTION
" Japan is oftén damaged by natiiral disaster, such as earthquakes, floods and eruptlons of volcanos, that's

why disaster prevention is aii essential policy. Especially, large cities aré not considered durable against disasters»
because they have 166 many necessary functions that would have to be maintained in the case of a disaster.
Research on forecast, prevention, refuge and recovery fiom disaster is important for PWRI's future.
It will become important to study the tééhnology for min‘ifﬁiifng’ flood damage even in the case of an
overflowing levee, High-graded levee, which has a hundreds of ‘mefers wide and would be expected never to
collapse against overtopping flow, is considered to be one way to minimize flood damage

Development of earthquake resistant design methods, estimation of emhquake dlsaslers, the establishmeit
of cdtintermeasures before and aftef fajor carthquakes, methods for refuge and rccovery, and fall safe systems in
traffic, tranSponanon ihformation networks e also lmportant studies for large cities. |

eAffic decidents ate séridus probieins in moderi Cities, Safe traffic practices aimed al protecting the aged

or handicapped is an urgent problem to be solved.

‘3)(50 EXISTENCE HUMAN BEINGS AND THE EARTH

Because enwmhmental probléms are global aiid’ coMmmon, Japan has 10 Tead envnronmental conservation of
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the world.
Energy and material cconomizing must be studied for the prevention of global warming, and survey and

analysis of the influence of global warming on infrastructure development must be conducted. There is a
possibility that the extinction of tropical forests through deforestation causes the destruction of the global

ccosystem, desertification, and abnormal weather. Technology for environmental conservation is a problem

awaiting solution.
Waste produced by construction work is a problem to be solved because it may be the cause of pollution.

The reuse or the recycling of construction waste is a subject to be studied.
In order to conserve and create a better environment, PWRI has to study river and coastal environment,

ccology, sewage systems, roads for ordinary use, greenery and landscape, the promotion of research for

environmental assessment, and data-base systems, and their effective utilization,

4)SAFETY IN CONSTRUCTION WORK
A lack of skilled workers and the aging of labors will perhaps cause many problems in construction work.

Safe, and effective construction work is required. Mechanization, pre-fabric construction, renovation of design
method, virtual reality and simulation of construction work at a site, construction machines and construction

methods with easy operation, construction machines with energy saving and reduction of emission gases, are

vimportant studies to be conducted.

SINEW MATERIAL FOR CIVIL ENGINEF RING

The movement of extension of life cycle and mamtenance free of public structures requires new materials
with further durability. On the other hand, enlargement of newly-developed projects causes an increase in the
design load in the plan. Discovery of new_‘ materials ~which have much more performance than existing materials
would contribute to the economrcal and reasonable desrgn and eenlargement of structures. v

Recently, advancement in the field of electncs, information technology, robotic engineering, biochemics,
and high polymer is remarkable. These achievement could be applied to construction work. PWRI studies for

their application to construction work. Also improvement of existing materials such as concrete, steel and rock

should be investigated for the application to new structures.

6)REALIZING MAINTENANCE FREE , ;
The next step for Japanese technology 1s pursumg maintenance free structures and matenals. Therefore, the

Reduction of sttuctural life cycle eos_t, remforcement,:rnspeetlon, and rehabrllrarron_ methods should bev studred.

7)SPACE AND MARINE TECHNOLOGY ,
A space station is expected to provide many advantages for human beings. The. U.S.A. is promoting a

space station program and Japan would jdin it. On the other hand, there is a possibility that the sea provides the
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safest transportation lane because under-surface transportation ' is not influenced by typhoon, rainfall and wave. In
addition, these two projects have the possibility of changing military industries into civil industries. PWRI
promotes the new frontier development.

Further research related to the development of new frontier is necessary. Existing subjects are effects of
inner condition on human, estimation of design load, design process, construction work by robotics, and new

materials applied to universal and marine space.

8)CONSTRUCTION MANAGEMENT
Development of construction management systems is very important to realize efficiency and durability in
construction work, using new technology, new methods, and new materials. This contributes to the rationalization

and improvement of the process of planning, investigation, design, construction and maintenance.

9)PROMOTION OF INTERNATIONAL COOPERATION WITH GLOBAL VIEW POINT

Demands for focusing on basic research are increasing: PWRI develops original technology and is open to
the world through international cooperation and technical aésistance. .

Especially the environmental problems associated with global warming such as the climatic change, and
the relationship between forests and runoff of rainfall water should be studied in future with foreign research
~ organizations.

PWRI will cooperate developing counties and the countries of transition economy, and study on utilization
of national land; construction of roads, development of water resources, disaster prevention and environmental
conservation considering their characteristics. PWRI thinks research on methods for technology transferring is

also important..



4-4 PROMOTION OF SYSTEMATIC RESEARCH

This section describes the future research system of PWRI.
1DRESEARCH MANAGEMENT

(1)Management of Intentional Research

The complication and diversification of society forces PWRI to ‘prepare reseatch systéms for large scale
rescarch projects with long research duration time. It is necessary to set up research programs to conduct rational
research activities. ‘

The Ministry of Construction drafted-its "Long-term Program for R&D in Construction' Technology” in
1983, and its "Long-term Perspective for Research and Development in Construction Technology" in 1988. PWRI
formulated its Five-Year Research Plan based on these programs to expedite  the ‘systematic management of
research and development innext five years. PWRI Five-Year Research Plan indicates the direction of the
research and the portion of which they are rcsp‘énsible for. Recently changes in society and ¢conomy are $o rapid

that the flexibility for reforming the plan must be indispensable. -

(2)Securing Budget

Sufficient budget for research is necessary for perfecting research work effectively. Economic’ fécession
cuts the research budget first: Because it is expected that there will be no sharp‘incréase in teseatch fand of the
general accounts, PWRI has to secure the research furids into ‘the road ‘and river special accouiits: Tn-addition; to
arrahge the joint research programs with other national research organizations and private companies: is:anothér

method to obtain additional reséarch funds.

(3)The System and Organization for Comfortable Research

Flexibility in an organization, such as the rearrangement of an organization, the increase in thé number of
research staff, is very important for obtaivning effeéiiveness in research work.

The most important motivation of research is the interest of the researchers. Especially in basic scientific
research the penetration of the ideas of researchers allows a scientific discovery. The subjects, being relieved from

the restriction of money and research duration limit, are very important for free inspiration.
2)COOPERATION WITH OTHER ORGANIZATION
(1) Sharing Roles ,
Recently there are many interdisciplinary research subjects in civil engincering, ‘The importance of PWRI
is in sharing the role as a coordinater. ' '

Private companies are superior in applied research and Universities are excellent in basic research, PWRI




has both characteristics of basic and applied research. The deference among the organizations expects that PWRI
should be a kind of coordinator of civil engineering research. This coordination seems to be very important for the

advancement of civil engincering in Japan.

(2) Systems for Expansion of Research Network

PWRI has alrcady some systems for exchanging rescarchers, joint research programs, accepting
rescarchers, a construction technology evaluation system from private companics. To improve the systems is
necessary in order to expand the further prosperity of rescarch cooperation with university, and in order to give

incentives to private companies for the development of research motivation,

3) RESEARCH COOPERATION WITH INTERNATIONAL ORGANIZATION

As of April 1st, 1993, PWRI has mainly 7 intcrnational joint research cooperation programs;

*The Conference on Public Works Research and Development in Asia

*The U.S.-Japan Conference on the Development and Utilization of Natural Resources (UINR)V-Panel on Wind
and Seismié Effects

*The Japan-U.S. Conference on Sewage Treatment Technology

*The Japan-U.S. Committee oh Hydrology, Water Resotirces and Global Climate Change

*The Japan-U.S. Workshop on Advanced Technology in Highway Engineering

*The Japan-Germany Workshop on Waste Water and Sludge Treatment

*The Japan-Canada Conference on Paving in Cold Areas

UINR Panel is planning to hold the commemorative meeting of 25 years in 1993. In addition UJNR Panel
has many task committees, and each T/C is holding international meetings frequently.

30 joint research areas under the science and technical cooperation agreement are running with the U.S.A.,
Canada, China, Australia, the U.K., Italy, Sweden, India, Korea, Germany, and Norway. 8 programs are in the
planning stage, and 4 research programs with several countries are running (as of April 1st, 1993).

79 rescarchers of PWRI were dispatched to foreign countries in order to attend international research
meetings, 64 were for technology transfer supported by JICA. 7 rescarchers are staying in foreign countries to
study.

The number of visitors from foreign countries is 273 (50 groups), and the number of group trainees is 171,
individual visitors are 62, which are supported by JICA (during the 1992/1993 fiscal year, from April lst., 1992 to
May 31st, 1993).

PWRI will make a research information network for cooperation with foreign research organizations to
solve global environmental problems to realize global super projects, and to support ifrastructure development of

developing countries and East Europian countries.
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AFTERWORD

This paper is prepared for the commemorative lecture meeting of PWRI's 70th Anniversary held in'October
1992, and for the Conference on Public Works Research and Development in Asia in February 1993,

Since the Meiji Restration, Japanese society, economy, and civil én'g‘i‘ncc’rihg technology have been
growthing rapidly. "It is evident that this rapid growth owes to cfficieat and deliberate improvement of
infrastructute, neédless to say, Fortihate sometimes smiled upon Japan. Although Japancse infrastiuéture
investment repéated the increase and decrease according (6 the socio-economic condisions such ‘as wars,
recessions, or prosperitics, our senior engineers continued to exert themselves for deliberate improvements of
infrastructure, and it was supported by research and development activity wuh correct predlcuon on a changmg
society and the pursuit of good infrastricture, o ' '

It is expected that the importance on R&D i$ becoring greater becatise the socio-economic deniands are
also changing continuou:sly. Researchers should pursue further discovery and creation through R&D. PWRI
should have many researchers who are knowledgable of the beauty of discovéry and creation through R&D. The
authors wish that this paper would give some interests to future infrastructure investments and the research which
supports it. . '

The authors also wish to thank the department dlrectors and some researchera of PWRI for their cooperatlon in .

publishing this paper.
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SUMMARY OF INTERNATIONAL COOPERATION IN PWRI
as of April 1st, 1993

1. RESEARCH COOPERATION
1) Research cooperation based on Aggreement on Cooperation in the field of Science and Technology

(1) Bilateral cooperation

Nation Number of Nation | Number of | Nation Number of
Subjects Subjects Subjects
CUSA 8@ ) Korea | .. 2 ...._Jj. _Sweden 2(1)
| canada | 4 China | 6 | Norway | 2
| Germany |1 | Tealy Ty T
awstratia | 4 [Tk i T

*the parentheslzed number is the number of the pending subjects
(2) Multllateral cooper‘atlon S ‘
*Orgamzcmon for Econom1c Cooperatlon and Development (OECD)
*Pamanent International Assos1atlon of Road Congresses (PIARC)
*Economic and Social Commrsslon for Asra ‘and-the Pacific’ (ESCAP); SO 4
*The International Union of Testing and Research Laboratories for Materials and Structures (RILEM)

*World Meteological .Organiz'ation'cmmission for Hydrology (WMO)

2) Cooperatn’e Rosearch SubJects o

'(I)Research on Hybnd Control of Bndges (U S. A )

(Z)Research on Testmg Pavement (U S A ) ;

(3SStudy on the Countermeasures fo Sedlment Dlsasters ona Alluvxal Fun (Indonesna)

_(4)Research on the Method for the Predlctlon of Sednmenthsasters at Volcamc Areas (US.A))
(5)Comprex and Advanced Processes for Phosphorous Removal (Germany)

(6)Study on Mechanism of MOVement of Large Orgamc Debns wnth Debns Flows and Landshdes(U S.A)
(7)Study on the Formatron of Stable Beach (Austraha) R I SUL NPT

(8)Jomt Research Pl‘O_]éCt on the Change of Troprcal Forest and Thelr Influence (Thalland)

: (9)Study on the appllcatnon of mléro wave data for the advancement of: remote sensmg technology (Thalland)
(IO)Research on the 1mpact of global warmxng to water balance (U S.AY Sy

—-—Study on the Development of a meteologlcal and ‘hydrological simulation model for the predrctron of
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hydrological cycles at a catchment scale---

2. EXCHANGE OF RESEARCHER

1) Invitation of foreign researchers

Fiscal Year ” 86/87

87/88

88/89

89/90

90/91

91/92

92/93

Number . ”

2

9

18.-

*counterpart nation:U.S.A.(18), Thailand(5), China(10), U.K. (5), Korea(3), Canada(2), New Zealand(2),

Germany(2), Switzerland(2), Itary, France, Malaysia; Norway, Sweden, Australia

2) Dispatch of PWRI's Researcher

OBJECTIVE 87/88 | 88/89 89/90 90/91 91/92 ‘| 92/93
Conference 32 30 44 37 49 79
Technical Assistance 35 54 63 41 36 64
Study Abroad 3 4 5 1 6 7
TOTAL 70 88 112 79 a1 | 1m0
3. VISITORS AND TRAINEES FROM FOREIGN COUNTRIES . ..
1) Visitors
Fiscal Year 86/87 | 87/88 |88/89 |89/90 ‘| 90791 |91/92 |92793 |
Number of Groups 60 52 57 | 45 | a4’ 35 [k
Number of Visitors 217 226 190 | 205 [190° | 213 | avs
2) Trainees 7
Fiscal Year 86/87 |87/88 | 88/89°'|'89/90 | 90791 | 91792 ‘92703 |
Group Training 167 | 109 | 155 | ‘203t 493 | H0e | 1]
Individual Training || 77 | 88 | 107 54 |47 | 50 | 62 |
TOTAL 244 | 197 7| 262 | 256 | 270|269 | “aszt |
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(1)JICA Training Courses(92/93 fiscal year)
*Volcano/Volcanic Erosion Control Course
*Regional Administration Course
*Construction Machine Equipment Course
*Bridge Enginecring Course
*River/Dam Engineering Course
*Construction Method Course
*Highway Seminar
*International Earthquake Engincering Course
*Environmental Monitoring Course
*Sewage Engineering Course
*Soil and Foundation Engineering Course

*Manager for Construction Work Course

*Advanced Technology in Construction Work Course

*Comprehensive Plan for Urban Traffic Facilities Course
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CHRONOLOGY OF POLITICS AND FCONOMI(S, DISASTER, CONSTRUCTION ACHIEVEMENT, LAW AND PLAN, hl)UCA‘I‘ION i

*Ministry of Implementation | -
xbst. of Training Branch in
*Shinbashi-Yokohama Ministry of Implementation
railway *Regulation for river, road| |
#introduction of Dutch harbour »&st. of Training Branch
protection in Yodo River hi Ministry of Interior
#Kobe-Kyoto railway *éapporo Agricultural Col.
77 #financial trouble due to #Univ, of Tokyo, Col. of
78 | Seinan Civil War #Nobiru Harbour Eflgineering
B P | #cholera in Hokuriku area _|[*Osakayama Tunnel . .. .. |................._............ ...
1880 | #policy for encouraging *earthquake in Yokohama #Kyoto-Otsu railway : :
81 |industrization | *Tokyo Col. of Worker
82 *Est. of the Bank of Japan |+#cholera in Yokohama #*Asaka Cannal :
83 '
84 9
1985 *Civil Eng. Course in T.U.
86 *typhoon(Yodo, Tone river) | *Mikuni Harbour *System of Imperial Univ.
87 s#cholera in Hokuriku area *Eng. Course in Sapporo
88 *Sankyozawa elec. gener. ' Agricultural Col.
... 89 | *Constitution of theJapan | . . | *Tokaldo rallway | ]
1990 | Empire *cholera in’ Nagasaki pref. |#LaKe Biwa Cannal
91 ’ #Noubi Earthquake #»Tohoku Railway _
92 ' ' #Rajlway Construction Law
93
94 #Sino -Japanese War #High School Ordinance
1895 | | . \
96 . | *Sanriku Great Tsunami #»imp. of Yokohama Harbour | *River Law - B
97 s#introduction of the gold *f‘l‘b'bd"in'Tokyo e #Sabo Law #Kyoto Imperial University
98 |standard system , : : | #Joban Railway
.. 99 __[*permission for introducti- R S S | *Private University = |
1900 |on of foreign money . [ #eruption of Mt. Zao *Nunobiki Dam Ordinance
1 , #Sanyo Rallway '
$ 2 ‘ #Sasago Tunnel (.
3 . : ‘ ' #Technical Education
4 | Russo-Japanese War School Ordinance
1905 | |
6 |nationalization of railway , o : - | #Nationalization of
7 o ' o : ‘Railways Law

ABBREVIATION: est. : establishment, col. : college, eng. : engineerihg, Univ. : University
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.................................. T

POLITICS AND FCONOMIGS

*flood dlsastel (Tone, Ara, ) *completion of flood pro-

. Kitakami, Abukuma River, tection work in Yodo River |*1st Flood Prevention Plan | *Kyusyu Imperial Univ.

12 #Specie Crisis #recession killed and missing:14000) f

13

14 »beginning of World War 1 #eruption of Sakurajima *introduction of double- xJapan Civil Engineering

15 sprosperity=indastrization | Volcano tracking on Tokoido Rail- ' s()ciety

16 way -

17 *typhoon(Yodo River was

18 | *end of World War 1 broken) *University Ordinance, High
S B R *Yalsuyama Bridge ________ | *Road Structure Ordinance |School Ordinance

1920 | *xreactional recession *1st Road Improvement Plan | *ést. of Engineering I-th

21 _ *Tramway Law | School under Nihon

22 #establishment of the USSR ‘ : University

23 *Great Kanto Farthquake ,

24 (killed and missing : xSizugawa Dam & Ooi Dam

25 *Law for Keeping Public 140 thousand)

26 Order :

27 *0kozu Flood Channel *

28 [ =universal election subway *Sumida R. famous
6 bridges *Komaki Dam

20 | *World Crisis . ...l ... _|8bridges sKomekiDam ___ | |
: #comp. of Tone R. flood

1930
31 : protection work #Simizu
32 #Est. of Manchukuo #5.15 _ Tunnel
33 Affair =#secession from U.N. | #*Sanriku Earthquake, *San-in- Railway
34 Tsunami *Muroto Typhoon | *Tan-na Tunnel
35

36 *#2.26 Affair

37 *China Incident #Education Evaluation

38 *landslide on Mt. Rokko #Tsukahara Dam Committee
.89 | *beglnning of World War 1 [ . e S
1940 | *Japan-Germany-Italy
41 | Alliance #beginning of , #National School Ordinance
42 Pacific War #*Kanmon Railway Tunnel : v Japan Education Society
43 *Tottorl Earthquake *Suiho Dam ' *establishment of the Univ, H.S., Jr.H.S., Tech.
44 ‘ *#Azigawa Under River Ministry of Transportation |Educ.H.S. Ordinance
45 | #end of World War I #MaKkurazaki typhoon Tunnel #*Sagami Dam sWar Time Education Ord.
46 s#Naikal Earthquake ’ ’ *Basic Education Law *
47 | *Constitution of Japan s#Kathleen Typhoon , »Japan Road Association School Education Law
48 | #est. of M.0.C. sFukul Earthquake, #Iona #reorganization, Ministry '
.49 | »Japan Industrial Standard | Typhoon, Kitty Typhoon, | . Jof Construction ete. | sNational Unlv. System |
»Comprehensive National *J r. College System

1950 | #beginning of Korean War #Jane Typhoon
51 | *Japan -US Securlty Treaty

ABBREVIATION: est.:establishment, R.:

imp./improvement

, #Imp. of Toma’komai_ Harbour Land Development Law
River, univ.:university, P.C.:Public Cooporation, exp.:expressway, H.S. :High School Ord Ordinance, educ.:education




CHRONGLOGY OF POLITICS AND ECONOMICS, D

.............

| BOTITICS AND FCONOMICS

*end of Korean War sJapan-
US Commerce Treaty

5-Year Plan for Economical
Declaration, Join in U.N.

*Income Doubling Program
*#1st nuclear generation

Tokyo Olympic, Join in OECD
#New Industrial City Const-
ruction Plan

#International Exposition

*reversion of Okinawa *Do-
ller Shock #*Sapporo 0lym-
pic #Japan-China Declarat-
tion/ 0il Shock

*Okinawa Ocean Exposition

*Japan-China Plece and

*#Idea of Assessment Law
%Zero-Ceiling Financial
Policy

#present bank note
#*NTT

*Bubble Economy, est. of
Japan Rallway Coporations
#Japan-US Structural
Impediment Initiative #Bur-
st-Bubble Economy, Break

up of the U.S.S.R. ‘

*Doyamaru Typhoon

*#]sahaya Heavy Rain
#Kanogawa Typhoon

#Chile Earthquake Tsunami

#Niigata Earthquake

*Ue_tsu Disaster
*Tokachi Earthquake
#Hida R. Traffic Accident

sheavy rain at Amakusa

styphoon(Tama R.) , Izu
Earthquake
#typhoon(Nagara R.)

#eruption of Mt.Usu

+typhoon(Kokai R.)
#Nagasaki Great Disaster

#Otaki Vil. Landslide

#typhoon(Kokal R.),
. eruption of Mt.Mihara

ieruption of Mt. Unzen,
pyroclastic flow

' *Rokko Sabo Dams

#Yanase Dam

sKamishiiba dam

*Sakuma Dam, Ikari Dam
#]kawa Dam, Naruko Dam
*Kanmon Highway Tunnel
*Kelyo Expressway, Mihoro
Dam, Okutadami Dam
#Wakato Bridge, Hokuriku
Tunnel #*Kurobe No.4 Dam
*Metoropolitan Expressway,
Amagase Dam, Tokaido Shin-
-kansen, Meishin Exp., New
Shimizu Tunnel, Tyuo Exp.,
Yagisawa Dam #Tone R. Weir

-Kobe Bridge, Rokko Tunnnel

*Tone R.Mouse Weir, Yahagi
Dam #Sanyo Shinkansen
#Kanmon Narrow Bridge

#Managawa Dam
#*New Tokyo International

#0Oshimizu Tunnel, Shimajig-
-awa Dam, Tohoku-Joetsu
Shinkansen

-#Nunobiki Tunnel

*Nagayo Dam

#0Okawa Dam

#Seto Bridge, Seikan Unde-
~rsea Tunnel

Road L., Toll Road System

xSpecial Measures Law for
Road Improvement

#Alchi Irrigation P.C
sJapan Highway P.C,
*National Exp.L.,Specified
Multipurpose Dam L.

#10-Year Program for Ero-
sion and Flood Control
#Water Resourses Develop-
ment P.C., Hanshin Exp.P.C.
#Railway Construction P.C,
*New 5-Year R. Improvement
Program

*Basic L. for Environmental
Pollution Control

*Urban Renewal L. _________.
*Honshu-Shikoku Bridges
P.C.,#Environmental Agency
»Okinawa Development Age-
ncy

#*National Land Agency

sAgriculture, Forestry,and

sdevide of JNR, est. of JR
4th Comprehensive National

11th 5-Year Road, and 8th

#12 postgraduate schools
xSoll Engineering Society

x[,aw, concerning financial
ald to private universities

%20 Thousand Engineering
Students Gain Program
sIntroduction of 5-Year
graduate System in college
of technology

#system for exchange of st-

ries

#system for international
exchange of students

Examination

5-Year River Imp. Program_

1

ABBREVIATION: est iestabllshment, P.C.:Publlc Cooporatlon, 6Xp.:expreseway, Ord. : Ordinance,

L.:Law, R.:River
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CHRONOLOGY OF PUBLIC WORKS RESEARCH INSTITUTE

VERR: - CUANGE -OF  ORCANIZATION TWATER QUALITY CONTROL Do
1920 *¥reactional recession/ :‘
21 #est. of Road Material Lab. | Road Law i
22 *BIRTH OF PWRI xest. of the U.S.S.R.
23 *Great Kanto Earthquake *Asphalt, tar,& cement test | *beginning of river hydrau
24 #Ara Rlver Flood Channel -ulic model experiment
25 *Law for Keeping Public
26 *est. of Akabane R.B. Order
27 #subway(Ueno-Asakusa)
28 #Sumida R. 6 Bridges
R R *World Crisis /Komaki Dam | .|
1930 xconcrete mixture plan | T TTITITTTTTToToToTmmmmomommnonsssmonnes
31 #0kozu Flood Channel #survey of Kamenose Land-
32 sManchukuo / 5.15 Affair slide
33 #Sanriku Tsunami/secession | "Dr.Mononobe's Hydraulics"
34 from U.N. *Muroto Typhoon/ *survey on Sanriku Tsunami
35 Tan-na Tunnel disaster *bend flow experi-
36 *#2.26 Affair ' ment
37 *China Incident
38 *Tsukahara Dam xelastic wave, electoric
. R *beginning of World War I |survey | *levee at river mouse
1940 .| #»Japan-Germany-Italy’ *reinforced concrete using | *scour at groundsill site | YT
41 Alliance +beginning of banboo #similitude criteria
42 Pacific War #*Kanmon Tunnel sforcasting of wave
43 : #Suiho Dam
44 #river characteristics
45 *end of World War I
46 *Nankai Earthquake
47 *Constitution of Japan ,
48 #1st Technological Lab./ sFukui Earthquake : s+method for discharge mea-
Lo..49 ] PWRL / Numazu R.B. | *Kitty Typhoon / J.XS. [ ... | ssurement #field surveyon |
1950 #Korean War/Jane Typhoon : rainfall run-off *"IDA" me-
51 #Japan-US Security Treaty thod
52 #Toll Road System *AE concrete
53 #end of Korean War *elastic analysis on concr- | #forcasting of high tide
54 #5-Year Road Improvement [-rete structure _ shigh tide breakwater
55 Program #Sakuma Dam »underground water survey 1
56 #Jinmu Prosperity using radio isotope #Unsteady flow calculation |'*rapid filtration method
57 . : L sformula of bed load ,
58 #Introduction of | *Kanmon Road Tunnel *BIRTH OF GEOLOGY & CHEMI- *BIRTH OF RIVER D. #groin ||
59 department system #Isewan Typhoon | -STRY D. #aerfal photo . |#River&Sabo Survey Manual i

ABBREVIATION: D. : Department, Lab. : Laboratory, R.B. Research Branch, est. : establishment, R, : River !
. |
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CHRONOLOGY OF

PUBLIC WORKS RESEARCH

INSTITUTE

NG OF ORGANCZATTON

| GEOLOGY-AND :CIEMISTRY: D

[ATRRQUA

*Chiba R.B./Niigata E.L.
*Kashima E.L. Tunnel Div.
*General Affairs Dep.
xStructure & Bridge Dep.
#Landslide Div./System Div.
*Foundation Engineering
Div.

*Ground Vibration Div.
#Urban River Div. |
failure Div./ Planning Div./
Water Quality Div./ Traffic
Environmental Div./ Fill-
type Dam Div./Advanced wa-
-ste Treatment Div./ Water
Resources Engineering Div.
Soil Dynamics DIv./ Earth-
-quake Engineering Div./
Resesrch Facilities Div./
New transportation systems
Div./Ultimate Disposal Div./
‘Flood Disaster Prevension
Div./ Dam Hydraulic Engine-
-ering Div./ Planting Div./
Personnel & Welfare Div.,
Research Information & Lib-
rary Div. :

*COnstruction Management
Engineering Center

.| #*Tohoku, Joetsu Shinkansen
+Japan Sea Offshore Earth-

*Income Doubling Program

sWakato Bridge

*Kurobe No.4 Dam

*Tokyo Orympic Games
#Tokaido Shinkansen

*New Shimizu Tunnel/Kuriko
Tunnel

sTokachi Earthquake

s#International Exposition
sreversion of Okinawa
#Sapporo Orympic Games
#»011 Shock / Kanmon Bridge
#Tama R. bank collapse
#Sanyo Shinkansen/Okinawa
Ocean Exposition

seruption of Mt.Usu

s»water shortage in Fukuoka
#*0shimizu Tunnel
#Midokoro Dam

#Idea of Assessment Law

quake ~»Otaki landslide
*»Tsukuba Exposition / NTT
seruption of Mt. Mihara
sest. of Japan Railway
#Seikan Tunnel/Seto Bridge
sStart of implementation of

Trans-Tokyo Bay Highway
seruption of Mt.Unzen./
break up of the U.S.S.R.

‘| for protection of alkali

sconcrete strength under
3 dimensional stress

srust proofing method
#1ithologlical classificati-
-on of ground rock

sphysical examination test

*evaluation of chemicals
for grouting

sguidelines for chemical
grouting

#rapld curing of concrete
»high durability concrete
s»mechanical strength of
soft rocks/elastic wave su-
-rvey

sdevelopment of geotomo-
-graphy

snew mateérials
sevaluation of aggregate

Of AlAi Ro .
sguldelines for survey &
test of soft rocks

*#density current
sstrage function method

xculculation of bed fluct-
uation /uprush and signifi-
~cant wave:

srader rainfall survey
smicrowave current meter
#a bar at river mouse

#detached breakwater

sunderground water survey
sroughness coefficient of
rivers

sunderground dams

*local scour around a pier
*rainfall penetration
sarmoured levee
#guidelines for caluculat-
ion of a flooded area
#beach erosion

s#river characteristics
sriver scape/DND rader
sguidelines for model test
s#man-made reef

#vane method |
#new river planning
#amenity in river areas
sglobal climate change

sprocessing of nactivated
sludge #*Sumida R. water po-
-Jlution survey #aeration
xre-aeration

sself-purification in rivers
sdistribution of the boxes

srational&equivalent roug-
hness methods #pilot plan-
ts at Yokosuka & kyoto
sorganic impurities

*BIRTH OF WATER QUALITY
CONTROL D.

seutrophication

¥use of sludge for constr-
uction material #*run-off
model of loadings in combi-
ned sewerage o
*advanced water processing
system using biotechnology
*pressure & vacuum sewera-
-ge system

screation of hydrogen sul-
~fide |
srenewal & maintenance me-
-thods of sewerage systems

ABBREVIATION: D : Department, R.B. : Research Branch, E.L. : Experimental Laboratory, Div.: Division, est.: establishment
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21
22
23
24

xest, of Road Material Lab.
#BIRTH OF PWRI

#cst. of Akabane R.B.

#1st Technological Lab./
PWRI / Numazu R.B.

s#introduction of

splanning method for gra-
vity dam concerning earth
pressure during earthquake

*#rock plate survey using

#development of method for.
3-dimensional analysis of 4
gravity dam

#open channel at the exit
of conduit

#geographical map using
grid system BIRTH OF DAM D

ey

#survey for a landslide at
Kamenose area .

sguxiliary dam

*si_irvey‘ for a landslide at
Mt. Cha-usu

ssurvey for a landslide at
Jin-nosuke valley #aerial
photo for geological surv-
#design method for

*application of random pa-
-ving  =effect of traffic
ability on mileage #method
for asphalt material test

*mix design and strength

seffect of tar pavement on
rice plants

*#slip on pavement

#method for economization
of pavement materials

*chemicals for stabilizati-
on of soil

#theory on bearing power
of foundation

smanual for asphalt pave-
-ment *guidelines for re-
newal of roads

*AE concrete

*evaluation of asphalt test
methods

BIRTH OF ROAD D.

*beginning of construction
machinery's performance
smachinarization theory
srelation between tire pat-

te'rn and skids

i

ttractive characteristics

sabo dam

*resedrch on road srigns -

of crawler tracters

59

ABBREVIATION: D. : Department, R.B.

department system

: Research Branch, Lab. : Laboratory, est.: establishment

|
4
|

i
i

i
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#Chiba R.B. / Niigata E.L.
#Kashima E.L. / Tunnel Div.
*General Affairs Dep.
#Structure & Bridge Div.
#Foundation engineering
Div,

*Ground Vibration Div.

Fallure Div./Planning Div./
Water Quality Div. / Traffic
Environmental Div. / Fill-

type Dam Div./Advanced wa-
-ste Treatment Div. / Water
Resources Enginéering Div.

Soil Dynamics Div. / Earth-
quake Engineering Div./Re-

Div./Ultimate Disposal Div./
Flood Disasteér Prevension
Div./Dam Hydraulic Engine-
-ering Div. / Planting Div./
Personnel & Welfare Div./
Research Information & LIb-
-rary Div.

sConstruction Management '_
Engineering Center

‘*modified selsmic design on

*#in-site rockplate shearing
test

¥numerical analysis of arch
dam #free overflow discha-
-rge #lithological classif-
ication of rock plate
#"PWRI method" for estimat-
lon of sedimentation at dam

snumerical analysis of flat
arch dam

sunit discharge curve in
each area »
stesting method of roc
material #*earthquake exp-
-ectation calculation

#Spe. for RCD method

*Spe. for grouting

#Spe. for lugeon
sguidelines on c¢rest radial
gate/eutrophication
dynamic analysis on fill-
type dam/manual for mana-

lake(proposal)

fill-type dam #technical
report on Nagara Weir:

sprediction of sediment yl-
eld

scatchment wall work using
liner plate #*sllding surfa-
ce measurer using paper
strain gage

*#landslide survey using
aerial photo #prediction
of sedimentation at a sabo

BIRTH OF EROSION CONTROL D
xclassification of landsli-

-de mechanisms
smechanism of debris flow

restimation of dangerous
areas due to land collapse

svane method

xcountermeasure to landsl-
-ide

sprediction of debris flow
area

simpact load of debris flow
smud-flow due to volcano

dam with slits #counterme-
-asure to flowing woods
ssabo dam with a gate
spyrocrastic flow

#use of clotholid curve
#chart of bearing power-
thickness of pavement
straffic capacity survey *
tunnel ventilation system
#manual for cement concr-
ete pavement /person trip
survey / immersed tunnel/
traffic weight/economic im-
tunnel fire/hydroplaning/
manual for pavement surfa-
ce measurement
sprediction of dangerous
area in traffics

sroadside broadcasting

#*NATM & Shield methods

spavement information data
bank system

*RACS / evaluation of
impact on environment

srenewal of asphalt pave-
‘ment manual/underground __|
transportation system/pre-
diction of traffic nolse un-
der high speed driving /
‘manual for RCCP

| *manual for soil stabiliza-

BIRTH OF CONSTRUCTION
METHOD AND EQUIPMENT D.
#bank collapse by seepage
sevaluation of trafficabil-
ity / soil characteristics
under compaction
spre-fabric strand cable
s#levee collapse by overto-
pping *soil stabilization

senbankment reinforcement
using high polymer textile
sautomatical driving of bu-
1ldozer/use of RI in compa-
ction measurement/man-made
island construction method
/ terre-armee

*high frequency vibration
pile driver #bi-mode const-
ruction method . ___
*Dry Jet Mixing Method
+in-situ measurement for
forecasting of lequefaction
svertical crusher dredge

tion concerning earthquake
senbankment reinforcement
using geo-textile
*3-dimenslonal seepage mo- _
form #Al control
snon-breaking measurement
of piles

ABBREVIATION: D. : Department, R.B. : Research Branch, Lab. : Laboratory, est. : establishment
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CHRONOLOGY OF PUBLIC WORKS RESEARCH

INSTITUTE

" STRUGTORE & BRIDGE D,

57
58

*est, of Road Material Lab.
*BIRTH OF PWRI

#est., of Akabane R.B.

#1st Technological Lab. /
PWRI / Numazu R.B. '

#Introduction of

*calculation of founfation
settlement

*design standard for rein-
~-forced concrete T-beam
*"Welding Steel Bridges"
rapproximate calcuiation
of ground reaction acting
on base plate
#Specifications for bridge
with arc welding

sbearing power theory

»experiment on load carri-
-ng capacity of plles *#test
of PC rigid frame

*Spe. of wéldin‘gf steel road
bridge BIRTH OF STRUCTURE&
BRIDGE D. *design standard

#"Earthquake Study In Civil
Engineering"

sseismic design using seis-
-mic coefficient method

#Survey of a stricken area
due to Nankai Earthquake
sSurvey of a stricken area

59

Department System

ABBREVIATION: D.:Department, R.B.:Research Branch, Lab:Laboratory,

Spe. : Speclfication's
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L

#*Chiba R.B. / Niigata E.L.
*Kashima E.L. / Tunnel Div.
#General Affairs Dep.
#Structure & Bridge Dep.
sLandslide Div./System Div.
*Foundation Engineering
Div.

#Ground Vibration Div.
#Traffic Safety D-i-v"."/S-l.(;f)é
Failure Div. / Planning Div.
Water Quality Div. / Traffic
Environmental Div. / Fill-
type Dam Div./Advanced Wa-
-ste Treatment Div. / Water
Resources Engineering Div.
Soil Dynami¢s Div. / Earth-
-quake Engineering Div./

New Transportation systems
Div./Ultimate Disposal Div./
Flood Disaster Prevension
Div./Dam Hydraulic Engine-
~ering Div. / Planting Div./
Personnel & Welfare Div./
Research Information & Lib-
-rary Div.

#Construction Management
Engineering Center

on PC slab bridges

sbeginning of survey for
Hon-Shi Bridges
#pre-fabric strand cables
Spe. for substructures of
bridges*Spe. on reinforced
concrete bridgessfomula on
ultimate bearing capacity
with eccentric battered

#bearing capacity of multi-
piles

*Spe. for design of road
bridges

#manual for design on rein-

srenewal of Spe. for design
of road bridges

smanual for design&execut-
-ion of concrete bridges

sguidelines for design of

common duct#guidelines for
earthwork #manual for des-
-lgn of pile foundations
#renewal of Spe. of road

bridges*guldelines for wind
design of bridges #*support
system for bridge planning

ssurvey for Niigata Earth-
~quake #*network of seismo-
-meters

gulideline on seismic design
of Honshu-Shikoku Bridges
*1st UINR conference .
guideline on seismic design
of road bridges

BIRTH OF EARTHQUAKE DISA-
-STER PREVENSION D.
#draft of design standard

*#Spe. for seismic design of
road bridges *guidelines of
earthquake countermeasur-
ers for sewage facilitires »

‘handy-type seismometers

sguidelines for design of
common duct #manual for
repair methods of structu-
res damaged by earthquakes
#seismic design -of Akasi

Bridge #hybrid control

*informationv system #manu-
al for menshin déesign
sfomula of earth reforming

BIRTH OF SYSTEM DIVISION
*introduction of computer
at Komagome Main Office

#introduction of computer
at Chiba R.B.

sautomatic design program
sresearch on development
of local areas

#system on-line with speci-
al permission

xintroduction of new comp-

smanual for management of
electric information system
sroad disaster information
system #xdata base system
#introduction of remote se-
nsing to construction work
sinformation system for re-
fuge *introduction of LAN

BIRTH OF CONSTRUCTION MAN-
AGEMENT ENGINEERING CENT-
ER #research on construc-
tion management

*BI
ENTAL LABORATORY
scatchment well work using
liner plate

*landslide mechanism due
to cut or embankment
#artificial avalanche

in Hokuriku region
xclassification of landslid-
¢ motion =#skid resistance
of tires *landslide machine
sgun for artificial avalan-
che #prediction of snowfall
using giometric data
sthermal mapping on roads
sfractuation of- ground wa-

of landslide #snow melting
*guard fence against snow
*design method for pile wo-
rk against landslide
#sliding surface gauge
scountermeasure to avalan-
ches ,

#*method for forecasting of
snowfall

*#landslide survey using sa-

satellite Information
xsnow flowing ground sill
xguldelines for design of
coutermeasures to snow
avalanches
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