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A.STUDY OP ACCOMPLISHMENTS IN 
THE SELECTION OF DAM TYPES FOR 

HIGH DAM PIVOT PROJECTS AND EXPANSION 
OF DAM TYPES DURING THE LAST TEN YEARS 

[This is a full translation of an article written by 
Nieh Chen-wei appearing' in Shui-li Shui-tlen Chien-she, 
(Water Conservancy and Hydroelectric Construction), No 
17, 11 September 1959, pages 7-13.] ■.■</''■' 

Our country has been undergoing rehabilitation for ten 
yearsi During these last ten years we have attained a 
great lövel 0 accomplishment in the planning and cons- 
truction of high darnsi We owe such accomplishment to .the 
uhdeviating guidance of our Party, to the enthusiastic 
assistance of experts from the UcSoS0Ro, and td the .un- 
relenting efforts made by the workers who were engaged in 
irrigation and hydro-electric power work. 

Among those dams on which planning has been developed 
and construction has been gotten underway, there are 
several, vitally important ones* They are the gravity 
dams on the Hsin-an Chiang and at Liu-chia-hsia; the 
buttress dams at Pai Shan, Huan-jen and Hsin-feng Chiang} 
the arch dams at Hsiang-hun-tien and Liu Ch'l Ho; and.the 
earth fill dams at Mao-Chi'-ts'un and Sung~t*uo). The 
heights of these dams are over 70 to 80 meters, and some 
of them are.even above 100 meters* 

Despite the fact that we haven't much practice in the 
building of rock fill dams, we have constructed one located 
at Shih-tzu-tVan. Its height is about 50 meters„ Through 
the stages of planning, construction and operation of 
various types of dams, the experience we have accumulated 
are extensive and invaluable» 

Inasmuch as we are still planning and will continue to 
plan dam projects of 70 .to 80 meters'and even over 100 
meters in height, we must study the unsurpassable ways 
that have been used to select the appropriate types An the 
past. Such research work is a task of paramount impor- 
tance. 



In celebrating the Tenth Anniversary of the People 8 
Republic of China, this article discusses the basic 
achievement and practice in the selection^ of dam types >. 
during the last decade* Emphasis -Is placed-on; the, high 
dam projects. , With regard to the future-trend of dart . 
type's to be constructed in our country» some suggestions 
are: based":oh the aspects of their eafety: and economy, as 
well as'bn the,types pf-dams constructed elsewhere in the 
world'«*'/'-,.'/ ....... ■'     '  ' ; .;•' . "\.;,.     ■•.:■'• 

Ä.Oür Main Accomplishments in the Selection of Dam 
Types for High Dam Pivot Projects 

" "'T'edhnicaily speaking,: the.major features in the selec- 
tion,of our 4am types may be .summarised as follows t ;_.._. 

'1. The types we have selected > are varied: Ac core 
to incomplete statistics from recent years, the number 
of dams which are in planning or construction stages .is 
24. They,are all above 75 meters- high ■(.including; those .. 
on wliich Construction,'has been -under way for a" fairly, ,-... 
long time? and those- pro jects which have been, only funda-. 
mentally.,approved). : ■:..-■;: -;>.■,?•.-    /■/.-v:.''.>,,/•':■.   ':.:•/- 

Among these '24 dame, the; number of" gravity dams Is r 
hine, arch dams five, buttress r-dams six, rock fill.oriö ■■ 
and ;earth. fill (three. Some of these have already; Reached 
the'operating- stage,,- The summarized results on the per- 
formance in the operation show that':mOfrt of the selected, 
types are suitable. Repeated discussions and lnvestl-' 
gations during the planning or construction period of . 
the others have also- verified that generally they Were.. ■ 
appropriately selected*' -\ ^ ;:; -._/ 

• Our ;country covers a great area and -includes compli- 
cated variations -in the conditions provided by the nature, 

. The selection of dam types should be- principally based on 
the1physical:and natural characteristics of the dam sites. 
Not only have we fitted our. plans to the geograpnical 
characteristics of. the. locality concerned, but also our 
plans have proceeded in accordance with the climatic 
conditions of the seasons„ Our work during the selection 
period Is, therefore, recognized as-of basic value toward 
the fulfillment of the fundamental principles* t " 



2. There haa been a great development In buttress type 
dama: Many indications show that they have reached the 
same level as that of the advanced nations« Some gravity 
counter-fort types constitute a relatively common class 
among our high dams«, Among.these, some are completed 
while others are still under construction. The dams 
located on the Hsin-feng Qhlahg, at Ruin-Jen and on the 
Che Ch'i all belong to this1 category« They are over 100 
meters high« 3ut the height of another dam, that at Mo- 
tzu-t*an is only SO meiert. 

Besides these dams, a multiple-arch one has been con- 
st ruö ted at Mei Shan« Its height of 88*24 meters is un- 
usual even in foreign countries» Through the oOhstrud- 
tion and operation of this ntultiple^arach type we have 
gained in oür knowledge* of its merits as well its draw- 
backs. . .-. 

3. The open-slot type of gravity dam has been adopted 
as a substitute for the regular gravity type: The 105 
meter dam on the Hsln-an Chiang, the 110 meter dam at 
Tan-chiang-k'ou, the 140 mater dam at Liu-chia-hsia and 
the 165 meter cross-river-channel dam of the Pai Shan 
hydro-electric power plant are all open^-slot gravity dams. 
So far as the guiding of the discharge and the passing of 
flood water are concerned, this open-elot type has the 
same merits as the regular one* As for economy, the con- 
crete used can be reduced .by appz'oximately 10 percent in 
the open-slot type. 

4. There has been a special development in projects 
involving overflow dams: When the dam site is in a 
narrow canyon or when the stream capacity is very great» 
there can be many difficulties encountered in the problem 
of overflow or in the method of arranging a .pivot system. 
The light type of overflow dam or a combination type con- 
sisting of an overflow dam with a powerhouse has been 
adopted to solve such problemsc For instance, the 78 meter 
dam on the Liu°ch?i Ho passes the overflow over its top 
and carries it. away through bucket [canals or channels?] 
It had been subjected to a flood test for the first time 
this year. The 67 meter dam at Shang-yu, which has an 
underground type of powerhouse [enclosed within the damj 
has been satisfactorily operated ever since it was com- 
pletely. 



The dams of the power stations located on the Hsin-an 
Chiang, the Chien. Ch*t and In Chao-p^ng are all above 
100 meters high, Flood^waters flow over the tops of the 
powerhouses. Their overflow capacity is above 10,000 
cubic-meters per second, while-that of France's largest 
dam, Chastang, has an overflow capacity of only"4,000 
cubic-meters per second; 

The buttress dams in Hüan^jen-hsien» on the Hsin-feng 
Chiang and on the Ghe Ch'i also permit flood waters to 
pass over the tops of the. dams« Their overflow capacity 
per unit of width is relatively large«. This is especially 
true of the Huan~jen-hsien damr which has an byerfloW 
capacity per unit of width of 60 cubic-meters per second» 
Such a record has not thus far been seen in any other 
country* 

Since we have^ adopted Various types of dams, we have 
accumulated, stop by step, varied experience through the 
planning of projects, the construction work and finally 
the operation» And, we have trained many teams to do 
surveying, designing, constructing and scientific study 
tasks« These experiences and these teams will contribute 
to future progress in the building of dams. 

B* Basic Experiences in the Selection Work of Our Data 
Types 

Through several years of practice, our country has 
gained very much experience in selecting dam types. 

1, Basic information Is well prepared. Reliable 
foundations underlie our selection of dam types: This is 
really a principal experience of great importance. Such 
experience, however, was only obtained by learning through 
errors* For instance, in one location, only by basing our 
decision on superficial topographic characteristics and 
a few abstract assumptions of its superiority over others 
did we decide to use it as a site for an arch dam. 

In fact, the geological data affecting the dam founda- 
tion and the base areas for the abutments on both ends 
were not clearly explored» When the construction was 
started we found out the geological conditions were un- 



satisfactory». Hence, we had to restudy the situation and 
change the/type of dam» As a resultt  the project as well as 
the construction work was-'compelled to come to a passive 
halt.    .:.'.''.., 

Another instance occurred when some designers recom- 
mended a. project of erecting ä rock fill dam with slab 
cores». But'the •quality and the quantity of the slabs 
were not. thoroughly, investigated6 '-Some, people elected 
to make use of materials available-n^ar the site. But 
they were prompted too much by th#ir .own wiahfu;l thinking • 
about the specified materials, and hot by an adequate- 
analysis of the possible suppliesi/ As a result, these • 
dams were not as strong as we planned and a serious" situ- 
ation subsequently arose during the flood season*' • 

In some cases, it was apparent that suitable materials 
were, •available near the locality concerned but careless 
explorers, reported that they were noto. .Consequently, 
the Selection of.the.dam type was affected when cpmpari- : 

son between the different projects was made«       :\,' 

Therefore, all studles: and all comparisons can be made 
accurate only if the basic information on which they 
are based is accurate and reliable» 

2o Natural data at the dam sites are fully considered: 
The advantage of a pertain type of dam can be,maximized 
and its disadvantage cari be minimized if the selection of 
the dam type is based on the geologic, topographic, hydro- 
logic and. climatic conditions of the dam site. For in- 
stanöe, the advantage of an arch dam, can be fully developed 
in respect of its safety and stability* only if its width 
Is in- an appropriate proportion.to .its height and its 
geological conditions are sufficiently favorable» 

' Again, if the dam location ;is in a-narrow gorge and ■< 
the capacity.of the stream is tremendous, the weakness 
of the light type of dam or the dam built of local mate- 
rials, will be immediately brought to light* The crucial 
point.is connected with guiding the stream and.discharg- 
ing .flood waters. 

Conditions of extreme cold adver sly affect dams, 
particularly the thin buttress type. 



Opinions are often at great variance on these problems 
during the study • of a basic project. When the strength 
and size of a dam foundation comes up for discussion, it 
might be discussed according to the order of the types: 
arch, buttress, gravity, rock-fill and earth-fill; and 
the demands for these respective types can be lessened 
little by littleo:' In this way, the different views can 
be made more unanimous« However, disagreement always 
arises when the real value öf ä given ölte comes up for 
appraisal♦ 

Therefore, in the study of dam problems, a correct . 
conclusion can be reached only through a thoroughful com- 
parative study. Not only should the dam site be con- ■[ 
sldered during selection of the type 6f dam, but also 
consideration should be given to the type before the 
selection is made«» A more rational project can thus be 
obtained« ....     /■■,.,; . . 

3, The dam.types are studied, starting with the con- 
ditions needed for the entire.pivot arrangement: Because 
the pivot arrangement is closely related to the topography, 
geology and hydrology of the locality.concerned, these 
several items should be considered altogether during the 
study of a dam type» For instance, if the type selected 
would not allow the overflow of the stream to pass through 
the body of the dam, the solution of the problem of how 
to handle the overflow would be quite difficult,, 

However, if there is a Suitable gap in the vicinity of 
tho dam site, which could be used as a passage to dis- : 
charge flood waters, then the solution would be easier. 
Otherwise, the ditches and tunnels as well as the con- 
duits underneath the dam must be considered. The extra 
materials (steel> oement and explosives)required for con- 
struction would add to the cost« Probably, the costs of 
the added items could not be off set by the savings rea- 
lized on the dam itself, 

If a dam built of locally obtained material Is decided 
upon, the arrangement for installation of it power unit 
will increase the investment and increase the loss of the 
water-head, no matter if the conduits are installed under- 
neath the dam or a separate tunnel is opened» 

The problem of navigation also sometimes affeots the 
selection of the type of dam» 



* 4, The conditions required ;for the construct lob ;of - 
various:;.types: of dams must the--thoroughly studied so that 
the construction of/any selected type^can be realizedY; 
In making- studies to elect ä-csrtiin ty^e öf data, the con-; 
ditlons which, determine theifeasibility of! the1 project 
should be fully e.onsiderfedb^"v-H*h?e5manner of- guiding 'the „ 
streamflow, the rapidity of the construction' process, the " 
arrangement of the area slated for construction work, the 
materials used, the labor required/ the way of supplying 
the equipment necessary'for construction and the water level 
during construction are all main features« They are also 
main factors: which determine the realization of the require- 
ments,-stipulated in the planning of a certain type of the 
dam. These factors should not be overlooked. 

5. Und er.-favorable conditions * preference is; given to. ; 
dams built with locally available materialss Based upon; 
a sound technical basis, attention should be paid to the 
economy of using either steel* cement or other materials. 
This should be a permanent rule-far those who are engaged 
in Irrigation and .hydro-eleGtrlc'power' work to abide byi 

In view of- the faet8 that the nation-wide basiö;recoh- 
strüotioh•at present is so- swiftly expanding that-the " 
materials for construction purposes are•not• produced as.; 
rapidly enough to meet the demand, it is of great signi- ■■; 
ficance that dams be built with local•resources<, Ih 
addition, some.other important reasons -for tbe adoption of 
building dams with locally available material are as  : 
follows«:.■•• ■v--■■ >■■■■  '■'■■    ■;^-.'--;;:''..^': :■..-^ :\']'r:^\  '"'■■ ■ '"'.;;" 

(a) Colossal rc'oncrete :dams need many .hundred-thousand 
tons .of.cement-shipped from'areas :removed from the dam 
locations» This adds a- serious bürden to' ■transportation - 
facilities. : The•present construetloh work -on'the trunk 
1 ine:s of new. railways 'is SO overwhelming that ■ 11 , i s im- 
practlcable to build a apodal' road for the exclusive use 
of hydro-electric stationss Transportation of materials 
by trucks does not always satisfactorily meet the construc- 
tion needs« '•: ' "'■■ '•' 

. ,,„„ 'In our vast country, many regions poasess' some" good 
locations for- building hydro-electrlö plant*» but -good ■;'■ 
materials which can be;used :as .aggregates with the con- - 
crete are not available because of the special character- 
istics' of thei rocks in those areas« (-For' instahoe> some 



places In southwest China have only limestone In abundance). 
Out, the difficulty in obtaining the necessary construe* 
tion materials can be overcome:; only by constructing dams 
with locally available materials» V 

-■■■■ '■■.'• ; ■'•- ".''■;■ ■    ■■    *rt-\iy •..' '*..-• ' •  "    ' ' •      . 
■   /,     _ . .   . < •',-'■       :   ■ ' ■   ■' ■' . •<■'"■•?*'' •■■■■■ 

'(c) In some places, the conditions of the hydrologlc 
resources are favorable but the geology of the foundation 
is not satisfactory enough tö ereöt concrete dams. 

(d) Although, we have, accumulated certain experiences in 
the planning and bulldingTof high concrete dams* we haven t 
enough practice in;the design and construction of high . 
dams built of locally available materials (especially rock 
fill dams),; For the sake of future development, we must 
try to gain, experience in'building dams of this sort. 

For the reasons mentioned above and so long as the con- 
ditions' are favorable, it will be preferably if we con- 
struct dams' from locally available materials even If the 
costs are a little higher. 

6e ' New; types of dams-are progressively and carefully 
studled and adopted: We have displayed great performance 
in this respect. The dam at Shang-yurhslen which includes 
a powerhouse and the dam at Hsin-an-chlang which allows 
overflow caused by flooding to spill over the top are, in 
a sense, new types. We use four Words;numerous* rapid, 
good and economical as principles to-guide the! building 
of our irrigation and hydro-electric plantsi We should 
collect all relavent facts from all the dam"locations as 
references in order to proceed with our study and to create 
new types of dams. 

The above-mentioned points merely represent'my personal 
superficial knowledge about the selection of our dam types. 
Naturally, my knowledge is far from sufficient to encom- 
pass the wealth of the experiences our country has ac- 
quired. However, the practices have given Corroborative 
evidence that the several points of experience noted under- 
lie great guidance for the future selection of dam types.' 

C, Safety and Economy of Various Dam Types 

During the last two years, a variety of opinions have 
entered into the discussion about the trend of future 
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development of dam types to be utilized in our country. 
This question represent a fundamental understanding which 
will greatly influence pur ability of deciding on the 
specific types of dams to be?Constructed. I, therefore, 
have proceeded to study the tr^Midof future development. 
This study is based on my, .pWse-nfä-views and starts with 
a dieöussioh of the advantages as weÜ äs the disadvantages 
of the various types of dams with reäpect to their safety 
and economy. 

1. The matter of economy: The matter of economy Is 
reflected first by the cost of erecting a dam. The unit 
costs of construction which chiefly govern the costs of 
erecting a dam vary with the level of the industrial de- 
velopment of the different countries. In the United 
States, for instanoe, mechanized equipment is utilized 
in the construction work and therefore, they like to 
erect large-sized dams in that country. The unit cost of 
construction can be lowered despite the fact that the size 
of the dam is increased. In terms of total cost, it Is 
still economical. 

The Kuo-hsing-neng Dam in Switzerland was originally 
planned to be a concrete gravity dam. But after large 
American machinery for construction use were Imported by 
Switzerland, the cost of constructing an earth filled dam 
was apparently reduced. 

As a result, ah earth dam Was then substituted for 
the concrete one. The situation in some countries In 
western Europe, like France, is quite different. The 
unit cost of construction of an arch concrete dam in 
France is 15 percent higher than that of a gravity one. 
But the volume of the concrete part of the dam can be 
reduced by about 30 to 60 percent. Therefore, the cost of 
building an arch dam is generally 40 to 70 percent of that 
needed for building a gravity dam of the same size. 

So far as our country is concerned, there is no com- 
plete and reliable information about such unit costs of 
construction. Recently, while we adopted approved esti- 
mates and new unit costs of construction in some high dam 
projects, they will have to be revised during the process 
of construction. 



Tfrf cost Of the dam proper alone does not fully repre- 
sent the total cost o The iftflueno e of a daw type on the 
pivot arrangement it requires should^be;taken into; c°n-.■>■ ,:. 
siderat ibhV : A compari son 'should 'be; mad e between the • total 
cost of ■;the, eniire pivot and the conditions required dur* 
ing Its operation»  •  ■•'»- —•■•        ;.U ;-- .;    ;'';•'?• 

The method of discharging flood waters and the arrange- 
ment öfja power-house structure are always main factors 
which* determine the'cost of a certain type of damy ,'these .; 
factors depend greatly' upcm the topographic and; geologic 
conditions. If» in the vincinity of the damy a suitable 
place carl be used to erect a water outlet a/truetura, the . 
problem of idispjoslngof flood watet*a:would hbt present ,< I 
an obstacle tp ■constructing light typo'iof dams or dams- 
built from locally'available material# •. 

In the diversion embankment type of a power station, 
the location'ofr the powefftöüsdi^lö always unfavorable to 
the kind of"dam built bfimäteriäis obtained from local 
sources.;.. out-it doesn't affect-the^ dam?unfs.vorably if the 
station Is.of"a multiple-purpose type* : 

The speed with which varidua dam types.can be built 
is another thing which should be considered in discussing 
costs* for the more quickly a dam can be built the sooner 
it will satisfy the economical demands of: the people«,, 
Great-benefits; In'terms of economy can be derived from  . 
speedy construction. Some countries have paid no heed to 
this matter; For example, Switzerland took nine years to 
build Mo^arsa'hg'arch dam, and six -years to;:build JKuo- 
hslng-nehg earth dam0 The principles used for the cons-., 
truction of the dams in our country are: numerous,  rapid, 
goöd'; and •'economical^ ;       ■ ■■■'«.■- 

Economies in construction should be established upohia 
practicable basis. Besides technical conditions the mate-; 
rials used for construction,' such as;steel, ^cement;, tim- 
ber and dynamite, the preparatory arrangements-for con- 
struction and the'labor resources should be fully con- ; 
sidered,  ./."-' ?•:<.<■...,:■■■■, .--.■ . ^- 

In summary, in weighing the economy of building'a cer- 
tain type, of dam j not only should the dam itself be con- 
sidered* „but it is also necessary to consider the struc- 
tures .associated With the dam. That is,! not only Should 
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the cost of erecting a clam be considered; It Is also neces- 
sary to consider the time required to huild the dam to- 
gether with its associated structures. In addition» it is 
also necessary to consider the feasibility of a particular 
type of dam from all points, such as techniques, materials, 
equipment and labor* 

Therefore, it is impossible and not advisable to.say 
with certainty which tybe of the dam is most economical. 
The only way of deteriülnling the most economical dam type 
is to collect data buithp natural conditions of the dam 
site; figure1 but the practicability of supplying construc- 
tion materials* e^ipaentfö^ööhstruction use and labor; 
then all the factors must be considered together to deter- 
mine the manner of arranging th> pivot; and finally a 
thorough comparative study muSt.be made. 

2. Matter of safety: 3y all od^si the most important 
matter to be discussed IS the,safety of tfee dams, espe- 
cially the high onesi The failure of a high dam will 
mean a great catastrophe for the cities and villages 
situated downstream from it. Safety and economy are to 
be matched, but economy cannot take precedence over 
safety. 

Consideration of safety, however, should not be limit- 
less. It must be defined by a oertain standard. This 
standard is determined by the amount of stimulus the dam 
will have on the political economy, [i.e. if the dam 
would be important to the economy expense should not be 
spared.] (Two considerations are taken into account. 

One is the purpose of building a specific dam with 
regard to the economic welfare of all people in the coun- 
try; and the other is the effect of the catastrophe which 
would be felt by the economy of the country as a whole in 
the event of dam.failure.) These two considerations de- 
termine the cost, which is considered in terms of the 
stimulus the dam will provide for the economy. Such costs are 
concretely reflected by the classifications and gradings 
of the hydro-electric structures, and by the standards of 
other projects too. 

In studying the safety of a dam, there is always some 
one who brings up the matter of overload for discussion. 
Some even contended that some types of dam are strong 
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enough to withstand an air raid while others were not. As 
matter of fapt, this Is of no real significance in dis- 
cussing safety from a purely technical point of *iew. 

.  The problem of flood also comes up for discussion* ■'•'• 
usually in terms of how big will a possible flood > be«? Or* 
how big of ah unexpected flood must be" withstood in order 
that a dam can be regarded as safe? If these questions 
are not answered, it, is also, meatiihglessrto say which dam 
has enough strength to reiisv a probable,flood., 

Therefore, in discussing the safety of a dam, li shbuld 
not be discussed beyond the stipulated conditions (those 
stipulated in the project Standards). For Instance, if 
according to the project standard, a first grade dam 
should be capable of resisting a flood of 0,01 percent 
intensity,any dam which can fulfill this requirement has 
equal strength against, the" floods no matter what ty^e'lt 
Is. :-..-• ...       , ';.■■•• \\ ■•'....••;•:■'; ,'   ■■■. ' : ■:■ 

According to the history of dam construction, failures 
have been recorded for almost every type of dam. This is 
why, without the support of actual experiences, talk of 
which type is more safe and whioh Is less is empty and 
groundless.' . .. 

The safety of a dam is determined by:  (1) Whether 
the project is formulated in accordance with the real 
situation} and (2) Whether the quality and quantity of 
the materials for building the dam are prepared in accor- 
dance with the demands of the project. 

In fine, because different types of dams have different 
histories of developments and different levels of studying 
their related sciences, they have/ therefore, different 
levelB of their projects. The level of a project is re» 
fleeted principally by the practicability of the assump- 
tion on which the project is based, of the theory used and 
of the way adopted for constructing the dam. 

In order to make a further study of this matter, the 
following discusses separately some principal types of the 
dams: .■:••. 

(1) Gravity dams—Because the gravity dam is a substan- 
tial block and the calculation needed in its design Is 
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simpjer than that';6f'';i%t1ift•.^l^•^U'tVi'••fi8;''^;^«|" thatithe 
problems It :P^a^t'».^#:.^|h!.<i»!^vi\.S«t ,.a, 'detailed analysis 
shows otherwise, ; För •lüa^arice, tfio* currant method of cal- 
culating the stability against latidecöhaiderafriction 
only.' 3ut the question of hö;w"bo; makef.;* rational choice 
•of the coefficient of -'ttl^iion/'^\i^).^t/ii^ajiBV9^*:. Al- 
though it can be choäen th^öü^i labpratory teata, ^the re* 
aulta vary greatlj'with thed iff «»rent way a of treating the 
contact surfaces. •Iher^f#ra, the ^oeffi^ientv'öf friction 
la actually adoptedy to e©me extent, "at.random. 

In addltloni percolation has a great influenbe on calr 
dilating the stability against slide^' But In the dealgn 
of a gravity dam,r it ia not easy to indicate an accurate 
percolation :factor beforonfea^i. Although some information, 
obtained during the bohatruotion survey may beV used -to 
determine it,j it ie; diffltmlt' to concludei that the ^exientr 
ing of percolation e^timaVeä from auch data would coinc ide 
with the actual condition in the completed dam* 

• Howpercolation af f «O^aithac ätresa oh the dam body ia 
also unknown, Aa a general; rule,It la regarded as, an in- 
ternal or externalförceV .calculated by using some for- 
mulae from the General Theory of Elasticity or Strength 
of Materials, A few paradoxes, nevertheless, are involved 
in this way of calculating;\t.he percolation« 

During the c:bnati^C^io)?;..j6f a high dam4  some materials.". 
are, cut into Jblocjee» .sonte;, sj?e mixed with water arid "some'...'..-; 
are crushed into plee^,':.When the dam.;;is put up many;. 
Joints are formed: vertical, diagonaland sigzag. How 
do these cu,t> Wetted, and crushed materials as., well, aa the 
vertical, diagohai and zigzag Joints affect the dlstribu'* 
tion of. strasa* . How do these different forma of. material 
and;different! forms*of joints affect the entire body of 
theVdam which is supposed to be a monolith? • At the present 
leyei of theory^ there is still ho way to Completely solve 
thes Probleme, . . :..J:V ' l'v' 

(2) Arch dams-*-the arch type of dam involves compli- 
cated calculations. It is questionable whether sinsh calr 
cuiatiohs really reflect the;stress conditions in the body 
of the dam. We must also ask how useful is the study'made 
in a laboratory?, It is worthwhile to,further discuss 
these 'questions;,. Deformation, of: the abutments ,bf ,arch-; f 
dama has a great effect oh the body of a dam. v 
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However» there is no reliable method to determine the 
extent of such deformation with any accuracy» The ques- 
tion of whether the overflow of the stream over the top 
of an arch dam might cause shock^ the dam is also debat- 
able. With regard to the differ&hi ttvää of Joints, etc»* 
the questions which apply to the arch type of dam az*e simi* 
lar to those for th«f gravity onesi; 

(3) Buttress dame4-The ^trimehtal efieöts b^ percola- 
tion on buttress daniö are less than those on the gravity 
type. In this i*esjpect,th© former are superior to the 
latter. However^ With regard.to the stability against 
slide as well as the conditions resulting from the differ- 
ent kinds of Joints, the questions are same for the but- 
tress type as for the gravity dams. In both cases there 
are ho clear answers* 

In addition, It is questionalbe as to how great the 
strength of buttress dams' against earthquake shock might 
be.. And, would the overflow of the stream shock a but- 
tress dam? And under a high water head, how stable would 
a buttress dam be in terms of vertical deflection? These 
are all moot questions, since our practical experience 
has hot answered these questions nor has offer theoreti- 
cal studies given any perfect solution. 

Finally, we must hypotesize what would be the strength 
of a thin buttress dam to resist the percolation if some 
cracks d eveloped. Many engineers are trying to solve 
this problem. 

(4) Earth fill dams—Although there has been a great 
advancement in geophysics during recent years, the way of 
designing ah earth fill dam is, in many respects, based 
on a particulartheory towhiöh a perfect solution is diffi- 
cult to arrive at. For Instance, there are many laboratory 
to determine the shear resistance of earth. But which 
method should be chosen to meet practical requirements is 
a big question. In addition, the pore pressure and lique- 
faction of sand necessitates further study. 

(5) Rock fill dams—If one thinks the theory of elaa-» 
tlclty can be regarded as a main weapon in the analytic, 
study of concrete dams and geophysics as the main weapon 
in the comparative study of earth fill dams, there is no 
such specific weapon to be used in the study of rock fill 
ones.' ' 
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Although we have often used geophysics or the theory 
of elasticity and plasticity in working out the designs 
of rock, fill .dams, the theoretioal results more or lees , 
deviated from the practical conditions. In a addition,, 
many other problems are» so far* not solved. Hock settle- 
ment is one of them» as there; Is no precise way to prede- 
termine the extent to which ro^kjs will, settle* 

Summarizing all the facts, stated above^ it is evideht ':■■. 
that in the: case of -all these types of dams'there are a  . 
great manyVunsplved problems.,, iP^cause thell* problems are 
not. solved* no conclusion can^ therefore »be reached.*, 
Because; there is no way. to .predetermine the safety of these 
dams,-therefore, we can hot guarantee how much safety can 
be required. 

Despite the, f ac t that the theoretical method s (inolud- 
ing many traditional methods of calculation) .can not give ;; 

us exa^t answers fpr practical use, they do provide us  ' 
with many principal .rules and formulas concerning a dam. 
Having these rules, and, formulas at, hand we can do some- . 
thing to cope with any probable situation and to preserve : 
the safety« 

Moreover» the experience we have obtained from the 
operation of those dama already in. servic e can be help-. 
ful to us.in eliminating the weak points in the various 
types of dams.: ,-lVv 

Between the assumptions on which the designs' were based 
as well as the methods by which the designs were calculated 
on the one side, and the practioal conditions on the • . 
other, there has existed avgap, .In order to close such a 
gap so äs' tp Insure that the. structure is free from danger, 
we generally established a certain safety factory and set .-. 
forth some Iminimum] technical demands* ;;For example, in 
the formula for calculating the stability against slide 
of a concrete gravity dam, built, on a rock formation, co- 
hesion was not taken into account* But even without that < 
the safety factor was approximately 1.0, which is what is 
generally required for stability against slide on; such a 
dam. vThe. unconsidered factor of cohesion, which is an 
inherent element, therefore, added to the Safety* 

In earth, fill dams, because there were more unknown 
elements involved in estimating the stability of their ,; 
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sloping faces and less latent elements which would be 
beneficial to cthe structure, the safety factor for the 
stability of the slopes is from 1.3 to 1»5, ^ 

f. With regard to the allowable stresses In gravity dams, 
because the differenes between the effectsof percolation 
on the stresses of the dam bsfore and after the crack 
developing at Its upstream face was not clearly understood, 
no appreciable tension stresses were- permitted at its up- 
stream face, Al the samf time» as good drainage system 

j 

was provided inside the dam to relieve the uplift pressure. 

In the arch type dams, the increase adverse effects of 
percolation resulting from cracking i& not serious enough 
to impair the dam safety. A certain amount of appreciable 
tension stresses was, therefore» allowed to be present on 
its upstream face. 

The safety factors* which differ with the types of dams, 
were determined by thoroughly studying a specific type and 
by the estimated extent o| detrimental effects, caused by 
a certain element on that[specific type. This is why a 
dam which- has a greater safety factor is not necessarily 
safer than a dam which has; a smaller safety factor • 

Generally speaking, the elements involved in deter- 
mlningrthe safety of different types of dams are differ- 
ent. It is the stability^against slide which determines 
the safety of gravity and buttress type dams;"it is allow- 
able stresses which determines the safety of buttress and 
arch type dams; and it is $he slope stability and relia- 
bility to resist percolation which determine the safety of 
earth^fill and rock fill dams. 

In a nutshell, so far as the -requirements for stability, 
strength and resistance against percolation are concerned, 
each of these dam types has advantages as well as dis- 
advantages* But inasmuch as the safety is conditional and 
these requirements are the established conditions under 
which safety is Insured, the current, level of scientific 
techniques can insure that all these requirements are met, 
whatever the type may be. However, these requirements 
should be taken into further consideration in view of the 
true standards set for construction work. 
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The quality and* quaht&ty ofc materialei available for 
construction purposes vcoiiatitutea ah element which möeV . 
directly determines the safety of a large dam. Whether 
the construction naaterial Batlaf tea; the design demands is 
an important condition which often affects the seiaction of 
dam types. For instance, a high^ aMh dam in which the 
estimated stress will^always #each 80'toc^ 
square centimeter needs eonerete of above #300 standard. 
At present* 4nBsome: regions' of our countryy because^ the 
concrete' produced fell short of: thia stahdardi thisv demand 
poüld not be satisfied and consequently the arch dam pro- 
ject had to: be- -shelved* ■.-•;-;:•' ■■ ■■"  ,■■■■<•■'■ 

.• in extremely cold regions the demand for a freeze re* 
sistant standard in buttress type dams and in general: •   ' 
locations the demand for an anti-percolation standard' in : 

the same type are both relatively stringent« If these * 
standards can not be insured* in certain qualities and 
quantities of;the:construction materials, the durability 
of the dams will be affected. 

It has happened in some places' that the materials used 
were not sieved well and that the aggregate material were 
so unsuitably selected that they could not meet the per- 
colation-resisting and freeze resistant standards. As 
a result; the buttress damsfwere threatened with ruin» 

In addltloÄi; the- dissipation of heat in concrete'dams; 
the control of pbroslty In rock fill damsjtand control of 
the quantity of waters in *percolation-resisting earth dams 
and theicontrol of 'gravel weight in masonry dams will \in-r- 
fluence the selection of dam projects if, owing to in- 
adequate equipment or some other reasons, the quality and 
quantity of materials can not be guaranteed- during- con- 
struction. ■•---^ ■■>■:.:. ••',;;■•.;.:•"■■•;•; :./v,\,',-.:-; • : \\/: / 7:.; <^: • ' ■-,-     ■. : ' 

The progress and procedure of construction bear rela- 
tion to the safety of various types 6f4ams during parti- 
cular' stages of construetion. In one instano e, the pro- 
gress of building a rock fill dam was too optimistically 
scheduled to be 4,000 cubic meters per day» 

Actually, only 1*0©0 cubic meters of dam could be ' 
erected dally» During the season of high water, torrents 
came raging down the river. The dam was not high enough to 
hold back the water, and the water flowed over the top. 
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Not only wks most of the erected part of the dam 
wrecked , but in addition disaster was spread over the 
lower valley.   ;    „■,::,.,■• 

Similar lessons were; taught during the building pf 
earth fill dams. It was these lessons such as these 
which have alerted us to the fact that in the design of v 
dams built from locally available materials, the: way of 
guiding the stream and the speed $t which, construction 
proceeds must be arranged with sp^fia^ care. 

Under general circumstances, this problem can be solved. 
But if the capacity of the guided stream is tremendous 
and as a result the embankment put up must be very high so 
that everything will be under control .during the first 
phase of construction, we need a sufficient amount of mec- 
hanized equipment to cope with the problem.. For instance, 
according to the study of eome rock fill dam projects rin 
our country, 10,000 to 20*000 cubic meters should be put 
up every day during the Jflrst phase of construction. 

We may take similar rock; fill dam at Xu-mu in «Japan 
as an example. The daily quantity of material deposited 
during the first phase was almost same as on our dam. 
The main mechanized equipment used was: 

25 power shovels (including fourA. 5 cubic-meter- 
power shovels) to do the quarrying and excavating 

<■' work  ■;■.- ■.'■..    ■ . V 

96 heavy truöks {including forty 22 ton-self-dumping; 
trucks) for hauling rock 

6 twenty to twenty-five ton cranes 

2 fifty-ton pneumatic-tired rollers 

4 twenty-ton sheepfoot rollers 

Notwithstanding the fact that the damage caused by 
flood waters flowing over the top of a concrete dam is 
small, the torrents which rage over the tops of buttress 
or open-slot gravity dams during construction of them 
might destroy the foundations of the dam because work is 
inoompleted on the downstream side. 
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The propedüre arid progress Of construction determine^ 
the distribution of stress on a dam. If proper atten-^. . 
tlon 'is not paid to- these; factors a dam might be brought 
into!;'Jeopardy* For instance» if the construct iphi work : . 
must be done tfith «b much hast * that the closing sections 
of arch, gravity or buttles* type-dams are Poured, before 
the concrete is cooled to ^hefaettlhg temperature,,: extra 
stress might arise from later contraction of the concrete 
blocks» And* the fact that the; concrete blocks are put 
up individually might aleb causeva change in stress 
beyond that estimated in the original design* :. 

If all these factors mentioned above are not adequately 
estimate^'beforehandi they might have detrimental effects 
on the soundness of a-dami But if they are all involved 
in the estimation, the estimation would result in an in- 
crease of the quantity of concrete required which would 
influehce-'the'-co'St'td- some'-'extenti::^;^-r ?' !•:■■• y 

In addition to the above factors of design and cons- 
truction, consideration should.begiven to the facilities 
for maintenence and the practicability of repair in case 
of damage after completion of a dam* In these respects*^ 
thin buttress type dams (like multiple arch and flat-slab 
types) are most unfavorable,  '■■':■-■• 

ThI s is^eeäüse in the Vent of cracking or other damage 
concrete can hot be poured from their tops or walkways. 
And, it*would be impossible to empty a large reservoir. 
(In ourro^untryy the capacitiesr<>f reservoirsare ffoo 
several thousand million to!several ten thousand million 
cubic meters. Therefore, special care should be taken^ln 
constructing a thin buttress type dam in a situation which 
will involve a large reservlor 

In summary, each type of dams has particular elements, 
same favorable and some unfavorable, which affect Its 
safeness. The cost of a dam is also affected by many 
factors. But, safety and economy can not be dealt with 
in the same manner. The two must be considered in ac- 
cordance with the circumstances which exist at the time. 

D. Trends in the Selection of Dam Types in Foreign 
Countries 

19 



In order to further explain the trend of development 
In dam;types, it will be well to note the trend in the 
selection of/ types in foreign po\intj»le8. 

Acöörding to incomplete j||ftiisiicSr the capitalist 
countries'possess 336 dams which ^reahöVe 75 meters in 
height.    This number includ9s t^se which have been eoto- 

' pleted, those which are pair construction and thofbe which 
are still in the planning stage»    The following table 
classifies them by type |ahd height]* 

Öompiete4*orÖojaplötad or de- 
Total 4ealghed      signed after 1950 

after 1950     percent of total 
Dam riji-pes 

mm 

75-tl00m 100m 75-100m 100m  75-100 m  100 m 

Gravity 97 66 67 47 60$ 71# 

Arch 52 48 23 36 44 .■/,-• 75, 

Buttress 10 3 5 2 50 67 

Earth fill 24 9 16 . 8 67 m 

Hock fill 24 14 15 11 63 79 

From the above table we can see that the number of 
gravity dams is the greatest» and that arch dams are second. 
The other three are, In order, the rock fill, earth fill 
and buttress typeB. If we use the year 1950 as a starting 
date, the high dams which were completed or Which were 
being constructed after that year were still basically con- 
forming to such a trend, so far as the absolute figures 
are concerned.;. 

However, relatively speaking, the percentage of dams 
over 100 meters built of locally available material has 
been increased« But this doesnH mean that the trend in 
every country has developed in the same way. The dam con- 
struction in some principal capitalist countries can be 
observed as follows: 
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(1) United Statesman general-,;• th€hhigh djatts' |ii the 
United States follow the same pattern as those In the 
capitalist countriesvÄs^w «W6. 
there has 1>0en a'"noteworthy Increase ,in «a.rth. fill and 
rock 'fill -dims,-not a single .high but|r^s^;on>; has been 
erected.  : The'high 4ams of-the United States;' *re; consti- 
tuted as fltown -1«' th« followlhg tabled .v!i.y.;;v^ 

.00X0,  Types 
Number of dam' Number' of dams • 

*otal <':■ -rafter 1950 after 1950, % of 
■■V''-...~..v ■;;■•. ■ • •        •-■'t0tal. 

<di»ialMa 

/fS-tfOOmIpOm   f 5«100m lOOm- 75-100. m. i 100 m. 
mtkt+itmimi'  in   linn 

Gravity'"1'"*'":*'"'' ;.:"22—••':l;4-'-:; ■■ ..-..11 
Arch" -.".'.'"'. il :10 ; 2 

Buttress 3 1 v: 0 

Earth fill 15 " 5 /* ' 9 

Rock fill      12  " 6  - 5 

3 

0 

5 

4 

ip£ 
18 

60 

42 

43# 

-..|P.fv 

■ ■ 0 ., 

(2) Japan—-The. number of gravity dams in Japan is 
overwhelming., , But higher arch, rock fill and buttress 
types have also t?e.en built during recent /years, -The ,■... 
types/ in ;that country;. a*e constituted as follows: . 

-^pam? types.:' 

"'■ -        ■-(■' i'   ■■     ''''.  1 ■ 

> .75^100- -top 
*■' ■■ ■'       * " 

Above 100 m .;.-■■'..•: V-':' .Remarks-, 

Gravity 

Arch r ;:>:i-':-y-''■':.-■■■" 
?•; Ui'y.::-   *.'.': ' 

Buttress *;.,-,*■ \{' 

Earth fill"'V'-' ' 

Rock fill 

38 

:;;;:^;:o;\r
;.;;

;;;' 

ö 

:\ •-        •. -,L' 

19 

-^"'•.■■l... ,7..' 

,■■:.■■■■■: fi-j. ■;: o';; i ••. •■- 

2 ""''' 

A minority of 
these has been' 
completed; the 
majority are in 
the designing. , 

;or c onstruo t ion 
...St age« .,;;'>■  ,:;. ,':.;; 
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(3) Switzerland—Since,1951» Switzerland has built 
seven dame which are above 100 meters,, Among them, four 
are arch type* They are Mo-warsahg* chiang^chi-erh, 
Chiang-fu^-sul-la and -Mo-arl» Two dams, Ta-tl-k'o-sün and 
A-HL-nieh are gravity.; type i The MO-hslng-neiig dam is of 
the earth flll< type•/;.■■ 

(4) Prance—-During the last ten years, France has 
built £2 concrete daöLii tincjLudifcg those which are less 
than 75 meters in height)/ Of them, 26 are arch typos» , 
four are gravity and two are bultress types* Although • 
there! Are not many bufllt of, local materials the earth fill 
Sa*erh*lung-sang dam' has a height of 122 meters» 

- (5 } Italy-—Only one gravity type',' dam, the Sa*örh-to 
Dam which has completed in 1939, is above 100 meters in 
height. Among three other: 75*100 meter high gravity dams, 
two of them were built after 1950. Italy has more arch 
dams than other types.r-Of them, 13 are over 100 Bieters 
high and 10 of those 13 were built after 1950. In addition, 
Italy has developed arch dams with double curvature. 

: There has also been a great development in buttress 
type dams (gravity-counterfort dams) in Italy. Three dams 
of the gravity-counterfort ^type have been constructed dur- 
ing recent years. One; of them has: a height of over 100 
meters, and two are 75 to 100 meters high. 

v/ith regard to the socialist countries, Soviet Russia 
has erected many high dams in Siberia. Among them, Pu-ha- 
tfa>«erh-ming-chTi*-chi, the Shu-erh-pln-ch'l-chi, |u-la- 
tz'u-k'o, K^-la-kl-^o-ya-ch'i-k1©, Sa-yih-cVi-k/o, and 
Ghiang-ya are gravity dams. Ta-lei-fu, Ta-li-a-erh and , 
Ct^a-erh-wa-k'o are earth fill:dams. The principal dams 
in Russia are of the gravity type/ ..; ^ ; 

The general trends in the designs of high dams in many 
countries can be seen from the above summarized figures. 
In order to, further explain these trends, the following 
discusses again the various types of dams. 

(a) Thus far, the gravity type is still the most 
popular. Despite the faot thai gravity dams hoed tremendous 
amounts of concrete and have äidrawback, in that their 
strength cannot be fully exploited, they are superior to 
others in the guiding of streams, handling flood overflow 
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and arrangingM* pitfot.^t^;;;'.!!!^^;.^^- : 

popular,'But besides tfßfe. :;$Dij» p|h<^reasona «Jjg^V; 
SeVa^Ption ^m>^ 
the united sietes; can use.h^r^^ 
dams the labor and cost can be reduced^ ,XV Ja this rea-^ 
son Which prompts that county to build gravity dams.    An- 
other example is .Japan.    Because tfca^T^utttry, is f^Jjet 
to earthquakes, 'Ahe Japanese have bu|||;many W*1****»*,. 
because that typ* H *ec>gnlzea to;h^^str^njs. resistance 
against- shock. ,.:.',..    , >•■ ■*;-■.-,. : •;.,;:;.■ u^ - _■...-:■-* ■.-.,';:-     v., ;'-■/•;, 
;i'In Russia, most of>the'dam* are;located in ^iber^;;^:; 

where sue* unfavorable conditions as extreme cold and 
great, /lhnundat ion have prevented the JuJf**js *m*f*~ , 
?ftinin* li«ht tvpes or erecting dams built of ^Locaxiy,    y 
a&lalke^^ 
damW*^ greatly.developed in,purcountry« in-Soviet Russia and in 

'Switzerland^^;,"; -^:j'-X.-^iL^-^-:■'■■■ ■"/'•''■ \''"\[-: 

(bj Arch dams are second' to gravity ones in number. 
Owlni;tfsome*natural conditions Franc*, :"aly and^pther 
European countries have focused epecial^ttention^pon^. 
Reconstruction of arch dams. ^^J^f Se

nJf^eir sites were in narrow gorges Where flooding,is not great - 
and the problems of guiding the streams and discharging - 
?Se floods is simple?. \TXS building of arch dams is, 
therefore, advanta^ :   : 

in'.addiiÄr:-the^^g8,;in ^J^?^*£ fa^a^the' 
used;, the level of the, technique of efcllled . 1 abor and^tne 
tiS':^onstryctiing^ ^Vchtypodam permmed^e^ng a 
beiterEquality .concrete .This^ is: the reason why more: 
countries in Europe adopted^ arch dams.,- ■•*.-.■ 

.'■:   (c) During recent years, there has be^egrejV deve- 
lopment™? ^bSttress tyjJe high dams, <%*2ä.B^*»i ■■■■■; 
counterfort ones.    Most construction of this type was 
done in Italy.    Notwithstanding this development,+the^    r 
«ravity-counterfort dams presently do not acctount for 
Sany il^<£erall,figures.   .However,;^«ll'SiSSt8!? 

.merits,of the gravity .and buttress types wiU .result Mr, 
'  great-development .*$,..-#W\*9 ^« fWre*       i ;   ^?.-\"^-'I^ 

, ''\ in'thV early^ears;;,o£-: 4K^*!^**5*i^ States, some of the multiple arch dams built were relatively 
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high. .But since 1944, Americans have almost ceased build- 
ing such types or dams. There are several reasons for 
this« Among them: are that the multiple arch type needs 
vast quantities.of steel reinforoement* and the method of 
construction is complicated. In addition* in the event of 
cracking leakage would t^e serious and repaid and Replace- 
ment are not easy« Moreover* they are«generally more ex- 
pensive than gravity-counterfort types; 

However, multiple arch dam with spread footing is a 
new development in dams of low heights Basically* this 
development can eliminate the general defects Which are1 

inherent in the [standard] multiple arch types4    This '■ 
merit is sufficient to warrant its fürthel* development* 

(d) High,dams built of locally available material have 
had an outstanding development during recent years, parti* 
öuiärly in the united States.' About 50 percent of the 
dams built in that country after 1950 and were over 100 
meters high Were built of locally available materials. 

One of the reasons for this development is that con- 
fidence in such dams has been strengthened by advanced 
theories of design. The other reason is the great pro- 
gress which has been made in construction machinery which 
not only makes possible the erection of high dams but also 
greatly reduces the unit cost. Besides, good sites for 
erecting dams are diminishing» Therefore, dams built from 
local material were chosen in preference to concrete ones. 

From the above facts it can be observed that: : 

(1) Despite the fact that various countries at certain 
times, have designed and constructed certain types of 
dams more often than other types because of existing con- 
ditions, they did not rule out the construction of the 
other types altogether. And, as can be seen from the 
general trends of dam development in the world, although 
the rate of development in different countries varies, no 
country has reached such a stage that a departure from the 
conventional types built is justified« 

(2) In considering the types which make-up all the dams: 
in bur .country, it is noted that they are relatively 
varied. To compare these various types with those in the 
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other countries whiöh have similarly complex neural coft* 
ditions, one can see that each type is iii nprmal. propor- 
tion to the rest* ■ \;\>-,-' -'""-" 

(3) Many types of d&ms hate been further Improved In 
the wake of the advancement of both theories.and practices 
in dam construction, . As example, regular gravity type«, 
dams are losing their place to the open-slot gravity type; 
gravity-counterfort dams are taking the lead in the but- 
tress groups; a new type of multiple arch with,sp^sad 
footings has appeared; the arch type with doublecurvature 
is being; greatly, developeärahd the»rock fill type with 
masonry cores has become popular«  . 

Few of the rock fill type dams with rigid cores and 
few of the thin buttress dams» such as those with a multi- 
ple arch, were being built:In recent years. The tendency 
has been to drop them from that group type* 

■■:.■..:•: :\ Conclusion\'\ 

The following conclusions stem from the above discus- 
sion. The selection of a dam type must be based upon the 
topographical and* geological conditions which &re  provided 
by the nature; the practicability of supplying materials ; 
and equipment; and upon the level of development of tech* 
nical skills. If a person talks about dam types without 
concrete information on these conditions at hand» and 
Jumps to a conclusion that a particular type Is the cor- 
rect one and that is incorrect» he cannot have ah adequate 
understanding of the overall picture of dam construction. 

It has been the case with all countries that in differ- 
ent eras of history and with different existing conditions 
the characteristic points of the dams Which were, developed 
have differed• Our country is, now, living in ah era of 
a big leap forward toward the establishment of Socialism. 
The advancement of all branches of the economy 'is so swift 
that the supply of such materials as steel, cement, timber» 
etc,, cannot fully meet the requirements of recohstru^tion. 

In order to obviate such a paradoxical situation- and 
to push a bigger leap forward in the irrigation and hydro- 
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electric field, the Department of Hydro-else trie Power as 
well as the Bureau of Irrigation and Hydro-electric Power 
Reconstruction have suggested that the adoption of dams 
the local-material hüllt of locally available materials 
are to receive preference. This proposal is.quite right 
and is generally recognized to be in öönformity with the 
present real situation. Special attention should be fo- 
cused upon, the su^h dams |n the selection/'of dam types. 

, However, the selectioii bf' such dams does noi mean the 
exclusion of all other types* therefore, it behooves us 
to continue to study and to improve those other types, 
We had best make an effort to attain a greater achievement 
in the development of all types of darns*, 
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• DOMESTIC >T'CE&ENT )'.; PkASTJ^zgRs;, 
■-:■': AM) THEI&.EfficMt/ HV^ 

tThis is"a• translation of aft artiöleVsubmitted by the 
Water' Conservation Research ■Laboratory or the Anhwei Water 
Conservancy and Electric -Power Institute,    The article in 
Shui-li'ähui-tien Chien^ey ^ ^59*: 
pages 14-20.] ■,;. v '•■■; ■;.;■.•>'.   .;,;    ..:^t,T'^-,^: ^■'..■<:: 

- :'i'. ■■.-:. 

(I) Prologue 

When dement is mixed with water, a cement paste is formed 
and then hardens. According to the experiment made by Dr. 
Tokujlro Yoshida of Japan, if the paste hardens at the age 
of three days, the water required is approximately 10.8 per- 
cent by weight of the cement; if it hardens at the age of 
seven days, the water required is approximately 13.5 per- 
cent; if it hardens at the age of twenty-eight days, the 
water required is approximately 17.9 percent. According 
to the study made by Professor Shinohara of Kyushu Univer- 
sity of Japan, the weight of water needed for a complete 
hydration of the cement is only 32 to 37 percent of that 
of the cement itself. 

However, this 32 to 37 percent, which is referred to as 
a water-cement ratio, is not high enough to make the cement 
fluidic, plastic and workable. The water-cement ratio of 
45 to 75 percent is, therefore, usually adopted when con- 
crete is used as a building material. Because more water 
is added than can combine with the cement, there is always 
about 50 percent of water which is free in the concrete. 
Such free water evaporates when the concrete dries, leaving 
voids which lessen the strength and impair the durability of 
the concrete. 

In order to reduce the amount of such free water so as 
to improve the properties of the concrete many attempts 
have been made. The adoption of a relatively low water- 
cement ratio, the careful selection of appropriate gradings 
of aggregates, the use of machinery for pouring and crush- 
ing, the use of stiff concrete and the method of drying the 
concrete in vacuo all contribute to the reduction of excess 
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water. During recent years some admixtures have been in- 
troduced* Theje admixtures will serve as a new method for 
the improvement of the properties of the concrete. 

The admixture which was first applied to concrete in our 
country was gaseous*; jtfterwardsvthejr Were the waste liquors 
of paper making from the paper factories" at Shih~yen, Yirig- 
k oü,:Chin-chou, Tientsin, Kuang-chou and Shanghai. The 
use of these admixtures, jtfhich are now. referredito as plas- 
tic izeraj iö widespread, but thei*"production is so limited. 
that it iis impossible tö t^eet the needs of recent reconstru- 
ctions whidh has undergohöUr^mendoüs d^ 

;, This5 aiMsiölö discusses the simple methods of manufactur- 
ing the,ndi* piaitlcifcers. The materials used for manu- 
facturing them are sunflowers, pine leaves, and rice stalks, 
which can be found everywhere. The methods ahd explanations 
are set forth in such a manner that they will provide1 a 
ready reference forswater conservation engineers. 

(II ^Specimens      '!^ 

(1) Cement—-No 400 silicate cement manufactured by the 
Lung-t'an cement manufactory in Kiangsu was used as a 
specimen« Its chemical composition and physical properties 
are shown In the table 1 and table 2. 

Table 1 Essential Chemical Composition of the cement 

Loss on Ignition 
Percent SiOg %    AlgOj %    Pe203 %   CaO,% 

1.19 28.10   7.52    4.88   54685 

MgO %        S03 % S % 
'——^—— —■—— ii« i ■■—»———■«— 

0.§3   1.36     0,56 
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4..V.V ■? - - ''• Table;: 2V;^ TSsaential 'Physical?.. 
;•* -■; ..-'V-"- Properties of;'lfor Ceme^  ^ ,-■';;: 

. ij   i   " -  »i •'-■-•■»- 

fensil v&Ven£fc& Itll^grams :psr ■ ^Gom^^s^el Sirehgtii KiXp- 

7 ääys 

'  '    irii'iijlriiii- j'i /i . : _-f h _ ■: r-    inij/'   ■"        '    }'[    [       '"    ' ..'..'.    '   ■ ■ ■   ...    • • 

''•'!'.'■• .-}'.2&. i ay s ■ ..      "'■' f •£»$*.;- -: -• ■      ; ,;28 ;d ay s 

A8Ar-:^\:.;.;      . :: 24,0   x:   ■:;./' Äcc- v- /.    ' .:. rv,m 

Stability d •.'-;-."  ■ -Period« of 'Setting;.   .:    Specttle 
'Percent -; Initial ;Wnal 

Steamed '.':'Ui-Bailii'^-At«*! sided;■■''.'aet '" sat  eravlty 

Deairable 2*-7   3h 45m 5h 5?°   3.09 

(2 j Fine aggr£sätes---Sah^ä'from Pine-chuang were used» 
Their physical properties are listed in the Table 3 and 
their sieve analysis Is shown in Figure 1. 
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•Figure"!.: ^iEtteVo^JDfltoä.yiii.8- curves; .for the 
'■  "■;*•■"■ ■ v 'aggreg&iesV V. ' .■■'"■■ 
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(3) Coarse aggregates—Gravels of granites from Huai-yuan 
were used. The diameters of small gravels ranged from 0.5 
to 2.5 centimeters and medium gravels measured from 2.5 
to 5.0 centimeters. In the mixed aggregates, the amounts 
of the small the medium gravels were in the ration of two 
to three. 

The physical properties of the coarse aggregates are 
shown in the table 4* 

Table 4. Essential Physical 
Properties of Coarse Aggre* 

gates 

■Weight-Volume: l4"2^ 
(Kilograms/cubic meter) 

Specific Gravity: 2,63 

Porosity (#): 45'8 

rfater Rententivity: °«*3 

Anti-Freezing Property: M50 

(4) Plasticizers—Dornestic plasticizers were used. 
They were classified as pine-leaf product, sunflower 
product, and rice-stalk product« To compare these 
plastlcizers with those made of waste liquor of paper 
making, waste liquor of reed from the Chln-chou paper 
manufacture was also used as a specimen in the test* 

The stems of reeds are boiled with a sulphite and all 
the fibrous substances are removed, the liquid left is 
the waste liquor of reed. When the materials, such as 
sunflowers, steas of corn, rice stalks, or wood, which 
contain albumen and carbohydrates, are °o°ked4 wit*\, * . 
considerable quantity of NaOH, the vegetable ingredients 
of those materials react with the alkali to form a ve- 
getable-alkali solution. 

When all the fibrous substances are removed, the vege- 
table-alkali solution is a domestic plasticizer. The 
detailed process of manufacturing the domestic plastlci- 
zers is as follows: 
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a. Cut and grind the pine leaves or the stems of the 
sunflowers or corn* Measure the amount of water they 
contain. •<;. ;:;—/.. 

b. Prepare a 5 percent solution of NaOK*(50 grams of 
NaOH per liter of water. 

c. Pour two liters of the above prepared solution of 
NaOH into a boiler and heat it. Add one kilogram (dry 
measure) of those ground materials, little by little, 
into the boiler. 

d* Boil it and maintain the boiling point for four 
to five hours. Stir constantly« Don't let any burnt 
organic matter stick to the bottom of the boiler. 

ei Remove the fire, let the liquid cool Off, filter^ 
off the residue* and finally neutralize the liquid With 
hydrochloric acid. (Test it with litmus papar) 

The essential physical properties of the plastlcizers 
are listed in the table (5). • 

Waste 
Liquor Sunflower  Pine-Leaf Rice-Stalk 

Items       of P.eed Product Product Product 

Appearance   Br Liq Br Liq Br Liq 3r Liq 
Sp Gr         1.15 1.06 1.03 1.02 
Solid Matter 
gm/c c        0.324 0.111 0.06 0.036 

CaO, mg/lit 11263.53 247.65 200.08 36.58 
MgO, mg/lit 27061.60 1278.84 777.93 298.41 
S03, mg/lit 14943.91 621.24 220,12 84.79 
3, mg/lit   10832.97 508*97 309.61 118.76 

Table 5. Essential Physical Properties of 
Plastlcizers 
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(ni j Prerequisites of Experiments 

,  l; The maxiem rdi^ *h® eon" 
crete was five centimeters,    ,,-,:;; ■-•;.■•. »-, 

2.,    The slump of th« concrete was..*ix to eight centi- 
meters.. .      , ,.  .-;-';•/, "•■•'•1- ,'^--;-        r;'',:;'.'T 

•3. The amount of 'san4 In the concrete was 32 perr 
cent. 

"\4ii-. The concrete was disturbed with machiher'y> ex- 
cept the concrete molds which.wer* used for the antl*;.-.■.,... 
freezing test', all were stamped with machinery. 

"-5;' '•'■ The size of 'the apecimen for the strength ^fest-^: 
was 15x15x15 centimetersvj/the size of :ifa»t for, the ahtl« 
freezing test was 10x10x10 centimeters; and the size of 
that.. for. the percola^lPÄTrr^81^^ *.e»> was. 15x15x15 
centimeters.         .?'.;-, 

6. The amounts of the plasticlzers added are shown 
in table 6. 

Table 6. f!'lflHai^lft(j Number of Specimens and Amount 
, """of"the Plastloezers Used 

Plastlelzer 

Waste Liquor of 
Reed 

Sunflower Product 

Classified No 
Regular 

;.;;Jtee<3:-, i 

'Reed 2 

, Reed 3 /. 

Reed 4- ' 

Sunflower 1 

Sunflower 2 

Sunflower 3 

Sunflower h 

Quantity 
Added 

P.05 

0.10" 

0.20, 

0.30 

0.05 

0.10 

0.20 

0.30 
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Table Continued 

Pine-Leaf" Produot 
'v7:^; .■■;. 0,10 ■ Pine 

•A; ; i 

Pine %'- 

Pine 4 

Ripe i... 
Rice 2. 

Rice 3 

Rice 4 . 

. f     0,40 

'"Jl*'.f ■"'" . ;P»P5" 

.:.,....--.;   . 0il° 
Rice-3talk Product   :  ^. i ■ :      ^  ft *A ■• •    •   '• .-',.:. •   ,Rice 3 ..■y**°. 

.        ?   0.3P 

7.    All specimens were preserved in moist chambers, 
The'tWpörätures maintained:..»ere.- fro«? 15 to 20° 0*-  The 
relative humility maintained was above.,90 percent. : The 
period* of preservation, were sevendays, 28 days, ana 
90 days,   ,,: ■./?.?;■' .;v;:'-'^ '■""''*'h'-' ''"'■   '.■■■"'■'■ • •.';■.. 

#;'   Plaatlcizing Effects of the Plastloigers: 

(1)    Gelatlniaation of the plasticizers. ;. ",.■■'/■' 

"Men .pifctticlfcer* are added to the cement .WJtjt two 
kinds of cement grains »re-formed r   one^lsjeposjtjd^wlth 
the vegetable matter which comes from the plasticWJ»l • 
the other is the combination of the crystals ;f+calclum 
hydroxide With that which has been deposited with the 
vegetable matters.    Both 'grains carry negative charges 
of electriclty and repel each other. 

Therefore, all cement grains diffuse themselves uni- 
formly.    The cement paste does not coagulate,,    sucn a 
phenomenon is spoken of as 6^*tlni»ation. . ^gwflliJB 
to P. 4. Wu-lieh-pin-chleh-erh-yuan-shih, the gelanti- 
nijsationis the first cause of the plasticizin^(errect 
of the plasticizers.     - ;.i.:,-,i/ -.■«..- .•l^.r.--.« 
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Such gelatinization can be illustrated by the **** 
mentation of the cement. Here are several 100 c.c. test 
?ubes. One of them contains 100 o.e. of pure water, the 
other contains 100 o.cw of a 0.005 $ solution of a gas, 
and each of the rest M full of a different plasticizer 
solution having a density of 0.05 % 

Add 10 grams öf cemeiii to each tube, shake the tubes 
vigorously; and tlien i5b them stand» The sedimentation 
ofS?Se cemen?Ineach Solution can be observed.as follows: 

In the teat tubes which contain pure,water and gaö £&. 
solutions, the cement particles* which have diameters+far 
larger than those of the cement grains themselves^ ^ttle 
rapidlyi The liquids in both tubes are completely trans- 
parent after standing duly five minutesi and a thin Jayer 
of cement which settled at the bottom ot  the.tube oan.be 
seen, 

But in the tube which contains the P1*8"?1*^*? lo- 
tion, the cement grains generally maintain their original 
diaSeters and diffuse uniformly throughout the entire verti- 
cal space of the tube. The sedimentation is so slow that 
the solution remains opaque for a very long period. 

The tube which contains waste liquor of ree<T appears 
transparent in one hour and ten minutes, that which con- 
tains the solution of pine-leaf product in f? *?u™' *ut 
those which are full of sunflower and rice-stalk solu- 
tions take over 10 days to clear,      ■-' 

The gelatinizatloh caused by the plasticizers increases 
the plasticity of the cement. The same plasticity can 
fee maintained when the excess of water as weiras the 
amount of the cement used are reduced. ?f addition* tne 
gelatinization also means a better contact between the 
fement grains and the water. The bydratiorrof the^ce- 
ment and the strength of the cement products are, there- 
fore, improved. 

(2) Plasticizers,. standard consistency and the periods 
of the cement. 

The cement grains of a cement paste are+assembled to- 
gether by molecular forces *o form a structure in which 
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parts 6f; the exceia of water ar# confined;    The forma«? 
tlon of these atrü^üres la .the setting of "ceiaent.    Such 
setting of cement produces a certain ultimate displace^ 
meat stress which pre.venia .;ihe: cemetiti "•paste from moving 
freely-. '"\';;- r;> ~.-i '.."    ••;'■:■'•""•"' .-/.:..'. 

•: When the plaaticlzera are addad to *-. dement paate, :; 
the vegetable matter of the plaaticizera forma a gela- 
tinoua film around the aurfaces of all; the individual 
grains.1 The graina which have been cpver&d by these 
films'have more water around them than thosewhich^have 
not» and the water which is around the covered grains is 
Stabler than that around the uncovered ones» 

The molecular forced are aubaequently weakened* the 
structures of setting are' hampereü, the water which is 
auppoaed to be confined Inside the etructurea is let 
loose, and finally the fluidity of the cement is .increased. 
"Reduction of th&.etai^ar<äU consistencies of 'the cement can 
beseeh'fröm taWL.e::(7)^,iJ-i-^ -V-'-;" — . 

'Table 7. The Influence, of the Plaati- .... 
clzera^oh the Standard OonBiatehclea of 
•'■"" Cement   ,. 

classified No Reftular1 Reed. 

; 23.9 

Sunflower 

24.1     ' 

Pine 

24.1 

Rice 

24.1 

..';.".,:.:-. 2... ••■■■•■  ,.,»-..... .-4.-- 'aw«i» 23.3  23."3"   '" 24.1 24.0 

3        .,.;.; .',*,'.:m?-- ■ 23.3 '""'23.1. ',"". 24.0 23.3 

4       '':-:\'. *»«* 22.8 23.0 23.4 23.0 

. Jlirthermore> the gelatihbÜ8 films formed of the ve- 
getable matter8 of the plaaticizera prevent the water 
from diffuaing inalde the cement grains. The preliminary 
phaae of the cement hydration and the preceas of hydro- 
lyala are both deterred0~ ,*,-.■■ 
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In addition; the plasticizera contain carbohydrates 
which are composed of either 'five or six atoms of car- 
bon. These carbohydrates have the effect of delaying 
the cement setting. This is why the period of setting 
for cement mixed with a pläsWclzer is longer than for 
the regular cement. If the amount of plasticizer used is 
over 0.2 percent, the period bt  setting of the cement is 
generally above the standard specified in the national 
code.  . i 

The effects of pi&sticizers on the periods of setting 
of the cämeht is shown in the table (B)0 

Table 8* £ffects of Plasticizsrs oh thi Pöriodä 
: Of Setting of the Cement    , 

Classified 
No 

Regular Reed Sunflower 

Initial 
set 
hem 

■ Final ' 
set 
h=m : 

Initial Final 
set    set 
h=m   h=m 

Initial 
set 
hsm 

Final 
set 
hssa 

1 3:35 5:58 4:44 6:34 5:58 7:58 

2 - «D 5:55 9:03 6:46 9:47 

i  3- «■ «•» 5s55 14:25 9:26 17:36 

4 «* •• 5:51 19:40 9:55 32:25 

Pine Rice 

Initial 
set 
h=m 

Final 
set 
h=m 

Initial Final 
set    set 
h=m   h=m 

4:53 6:51 4: 30 8:17 

5:47 8*48 5: 23 8:56 

6:27 11:52 7: 21    10:01 

11:57 32:21 9:36   13:46 
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(?) Plasticizers and tu* bleeding of the cemerit* 

bleeding 0f ^oncrete;^'Äö^ar.<K)Qalsts of: the forcin« 

the result of ,Bedimentatio;n..o;f the solid,particles in -the 
-conerete^ö-r mortar, me^^^smif 'rising 'to the aur- 
iE&l?J^^£^i*& ^X^Öfa.&mm the affin- 
ity-between the cement grains and therefore, ruins the 
homogeneity of the entire mass, Suoh expelled water also 
5i!a!Swa J°i.thf agsregates and the steel reinforoemente, 
Th* adhesion of the concrete to the aggregate* and the 
!  i1*}* Ssp weakenede Also, eroaiy;e,4iquid.3 are apt to 
permeate the mas a of the concrete: through capillary, chan- 
neled -formed; by the 'expelled water*"'." ;£**%]'., v -; ■■■•■■■'■■•.■...'.: ^,- 

• J D„i; ken^chleh«lleh-fü,of the Soviet Research. Institute 
of indüötrialGhemiatryjhaa drafted a formula.in which- 
•he uaea^K to denote ^he:percentage of;water expelled: '■:.•" 

','■''       / f "4? .fäe 'io*tÜnÄ| Vqlumeoi the cement paste, *r 

:-':.- iB'is 'the volume of the cement -paste after 
'■.,■■•:; shrinkage,;'"'-:/ )'■":.■ :.,.: . ,.;; ::v-;---v. 

>s/Blaturb a cement paate which has a water-cement- ratio 
of »55 and let it stand still for 3 hours.    Mix it with 
plasulcizer.    The percentage of water expelled cah be 
observed from the ta;ble .9*   ",.. ; ,     ^ < 

Classified- No;'*-'Bggjüjg^■■■Beed,. ^Sunflower Pine    Rice 

1 16.7 14.8 16.6 14.7    16.1 

\^2       .-Z-^       :>:j^'.-:~r>Ut6 ----14.7   "' 13.Ö '  0.098 

' ~'3            !             -     ''"■'■    0.098 '"  14.0 0.082 0.040 

Table 9. Effecta of Plasticizers on the Expulsion 
of Water of the Concrete 
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As a result of the experiment» the breeding of mortar 
of concrete can be Improved by the use of plasticizers. 
The gelatinizatlon caused by the plasticlzers splits the 
cement grains into minute particles« These minute parti- ; 
cles, combining with water, form a great number of gela- 
tinous compounds which prevent the water from being ex- 
pelled, , . : V ■  - ■. ' ^ 

(4) Plasticlzers and th<§ air döhtent in the cohrete. 

„When gaseous substanöiö are mixed #ith a liquid and 
stirred* bubbles are forced. But ordinary liquid does not 
form many bubbles' arid trie bubbles1 formed collapse readily. 
Plasticlzers have the effect of lowering the surface ten- 
sion of water to humeroüö air bubbles in the Concrete from 
Collapsing« It is these numerous minute air bubbles which 
indrease the fluidity and workability of the concrete. 
The concrete can be molded or shaped at will. 

Plasticlzers different in the ability to lower the 
surface tension of water, vifaste "liquor of reed and the 
sunflower product have little ability to form air bubbles, 
but the ability of pine-leaf and rice-stalk products is 
extraordinarily high. If the quantity of the pine-leaf 
product or rice stalk product is over 0,2 percent, the 
quantity of air in the concrete is even above the Standard 
that the concrete should contain«, See table 10« 

Table 10. Air content percent in the concrete 
which has been mixed with plasticlzers. The 
maximum diameter of the concrete grain is five 

centimeters 

Classified No. 

-. -. 1'  -.. 

- 2 

3 

4 

Reed Sunflower Pine Rice 

0.9 0.8 2.4 1.3 

1.1 1.4 3.7 2.7 

1.9 2.0 5*6 6.5 

2.5 3.1 6.8 9.2 
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These numerous minute air bubbles not only increase 
the plasticity öf the concrete ^ut. also increase its dur- 
abilityV But if itol's too much''airy „the strength jof the 
concrete will be lowered and' tne faybrabie. effect of the 
gelatinlzatipn of the plasticizers >n;the öönörete Jstrensth 
therefore, reduced*  :"'"'"?,,^'V'^-ri.' fi'i ^:/:\;,^",-:>. :":•:.' '■"■:• 

(5) Effect of plasticizers on the fluidity of mortar 
and concrete« .,,.. ...,.; .,._.;; 

Plasticizers have: another ability, that of improving 
the fluidity of mortar'or concrete. It is this ability, 
which reduces the quantity of water required for mixing» 
The reduction of required water is tlie ultimate aim of 
the Use;of■■■ plasticizers„     ; -:',."-- 

The fluidity of mortar is represented by its expansion* 
In an experiment we used water-cement ratio of »48, and 
äemeht-sand ratio öt  1:3 by volume<> Then mixed water, 
cement and sand together to form mortar» After the mor- 
tar was' mixed with the plasticizer it was put on a: 
vibrated thirty times, Th#.expansion of mortar was mea- 
sured as shown in'the table llv   '"'".' 

Table 11/ Expansion of Mortar in Centi- 
'.,... ........ meters      ;-■•>■.-, 

Classified No       ;   -Regular ..• -Raid..   ;Sunflower ; Pine .' M%$, 

■ ■■ ^.'..ir  ->/.   '• ■■ '::''' \ [t$^;l\ .',:i4r';::' ;;;_;.'. 142 * / U48 ;^ 14T '. 

-■■.^:'^W;"^^";;-; '^ ~ 1Avv 152. '[/■' /'. 146 ' \ V\i54'\ 15* 

'3 -     157     158 ;  192 '"}*£. 

Table 11 shows that the fluidity of mortar is increased 
with the amount of plasticizers used. This is so parti- 
cularly with plne-lsaf and rice stalk products which pro- 
duce innumerable bubbles and have, an emulsifying effect» 
The expansion caused by them: is extremely noticeable« 

The fluidity of concrete Is generally measured by the 
slump. If the amount of water used is, smaller, than us- 
ually required for the;same slump, it indicates that the 
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concrete is more fluid than ordinarily.: In an experiment 
we conducted, the concreteused had a water-cement ratio 
of 0.65 and the slump was set at six to eight centimeters, 
The quantities of water used after mixing with plasticl- 
zers are shown,in the table 12. 

lable 12c Mount Of Water needed for the concrete 
which was mixed with'plasticlzers0 /(Kilograms per 

cubic meters). 

Classified Nh Regular  freed  Suj£lowe£ £iM  gi£e 

1' • 162 :,; 156     156 153 ; 1*53 '' 

' ' 2- •■■ . -    ,153   ; 153 150  146 

3 - 150 #  150 145  136 

4 - 146     143 138  125 

Table 12 shews the desirability of plasticlzers. When 
the quantity of plasticlzers added Is 0.2 percent, the 
quantity of water required can be reduced by 7*4 to 16 
percent. Not only Is the amount of free water in the 
concrete greatly, reduced but the quality of the concrete 
is also greatly improvede The same water-cement ratio 
can be maintained while the quantity of cement can also 
be reduced by 7,4 to 16 percent» Plasticlzers are there- 
fore, economical»  _ 

Table 12 also indicates that the greates amount of 
water reduced is by the pine-leaf and rice-stalk pro- 
ducts. 

(V) Influence of Plasticlzers on the Quality of the 
Concrete 

(1) Influence of plasticlzers on the strength of the 
concrete. 
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Use concrete which has water-cement ratio of 0.65. Set 
the slump at six to eight centimeters, „After.mixing,with 
various plasticizers, the compressive strengths are shown 
in the table 13. 

Table 13» Strength, of Concrete which has been mixed, 
with Plasticizers 

Amount of 
. ... cement 

Classified used Kilo- 
No    grains per 
,. ;,. cubic tuet er 

■;'-■.. ..Compressive ■ 
Strength at the 

Air '"' c-g'o of "7" days" 
Content 

.:. %..    ?,.kg/ett*-,;  % 

Compressive 
Strength at 
the age Of 
28 days 

kg/cm2 % 

Regular .-249 .: - ■-.-■:■ * : ■'mA ;100 /; " : 137^,8 ;*" 100 

Rtfed-I--.----.- •■■: 240'V-.\J ■\\j;ß.9 ':■> .,81 «6 7: 87*4'.•' 121.8 ^'38*5 

Reed 2  ,.,-■  236.' *;.•.•;:-;: ;*ö5'.5,: :. 91.5 " 145.3 .105.4 

Reed 3     231 1,9 89.9 96 „2 152.5   110.6 

Reed. 4     225 :■ : ' ;2.5 ■ - 83o5 - Ö9.4 '14^.9, ••105.0 

Sunflower 1 240. ;0.4 ;T7.5 83 J6 123.7 ^'89.3 

Sunflower 2 236 vul.4--s . 86.Ö J93.O: 137*8 ;;ioo 

Sunflower 3:'231: ; ■: :^.0^' .8609, .; -93ol;: •130,9':.; 95 

Sunflower 4 220 
V '■' •'-■ '<• ' ' ■ ■ 

3.1 64,0 '68,5 114.5:   83.1 

Pine l:.:k)>■::■.?:■ 256-   '.<.■■. ■: 
;:;;;2-ä-..- ':  Öiis■"■ ■';.:-;8t.6.': 123,1 v 90 

Pine.-2 v ;■:'• -.231-' •'::3c7'"' '74.5-. —7^7"' 117.1  ' -P5.1 

Pine/3; .    .223'. 5.6 >7.8 . ■V siS' i 79.i v  57.6 

Pine 4  . f 213 \ 6.8, '43.8 'I    WA-, , «0.2.;.;'■' 58.2 
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Table C outinued -- 

Rice 1 236 1.3 83*6 89.5 153 HI 

Rice 2 209 6i5 76.8 82.2 129 93.7 

Rice 3 209 0*5 65*2 , 69.8 74.0 53.7 

Rice 4 193 ^*2 49,3 J$2.6 67*3 48.8 
Li   '   ■!■ i■■■;':- ■■-:t-'i -■■ '';ii - -     '  ' rii !     '' '*i■'••;"*'''•"■'! 

iriif;i-iiilii)ftninliiii-.ti 

■ Accordingto astudy conducted by Professor A. E. 
Haieh-chln, when the vegetable matter la deposited,on 
the surfaces of the grains, the sizes of the crystals 
formed during the process of the hardening of the concrete 
are greatly reduced. But the number of the crystals is 
greatly increased and longer periods of time are required 
for the crystal formation. These phenomena contribute 
greatly to the mechanical strength of the concrete. 

However, such gelatinous films on the surfaces of the 
concrete grains deter the hydrolysis and hydration of the 
concrete. Furthermore, the film may form barriers pre- 
venting the cement grains from coming into direct contact 
with other grains, «hea.e phenomena affect unfavorably^ 
the strength of the concrete. If too much of the Plf-ati- 
cizera is used, the films formed on the aurfaceaj>f the 
cement grains are too thick, and the reduction of the 
strength is especially apparent. 

In short, the effeota of placticlzera on the atrength 
of the concrete are both favorable and unfavorable. But 
reference to table (13) reveala that auch effeeta vary 
with the plaatioizera aa well aa with the amounta uaed. 
For Instance, when the most favorable quantity — 9*f 
percent of waste liquor of reed or 0.05 percent of rice 
stalk product — is used, the atrength of the concrete 
could be increased by approximately 10 percent. 

If the most favorable quantity (0,1 percent) of sun- 
flower product is used the strength of the concrete is 
the same as that which has not been mixed with placticl- 
zers. But with the pine-leaf product, even if Its most 
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favorable quantity (0.05 percent) is used, the strength of 
concrete is still somewhat less after 2$ 4ays. , 

Table (13) also.indicates,that;for the most part the 
percentage of compressive strength at .■the age-of seven, 
days is less than 28 days. ;i;hi8fgives a: proof ^hat at 
the early siage of the: ooncirete» the effects of all 
plasticizers on its strength are unfavorablei.These 
unfavorable effects are caused by-the deterrence of hy- 
dration of the concrete« As stated before»,thin films 
formed by the gelatinous matters deter thehydration. 
f The fact that?the strengths of concrete are greatly 
weakened at the classified numbers:.-pine 3* bJtrie 4» ... 
rice 3, and rice 4 of table (13) can be explained by the 
theory which was advanced by Russian Professor Ma-llu-ko 
in 19th Century. He maintained that the strength of,con- 
crete is determined by theratio of the volume, ofvthe ■; 
cement to that, of-the* air,bubbles. This theory has;been 

. generally accepted by .contemporary students...;. ;J . :- 

At the classified numbers: pine 3» pine 4, rice 3, 
and rice:4* the,quantities of water required; for the con- 
crete are. so lessened that;the volume of the voids left 
by the free water in the concrete is;reduced by 26 to $6 
liters. •■'■■■- ■ '"•...■  ■     ■'■-.?:?  :■    .-..■ ■- ■ .■••.■ 

But the total volume of innumerable minute air bubbles 
is 56 to 92 liters. The voids increased is much greater 
than those reduced. This |s why the strength of the con- 
crete is noticeably weakened ,f ; ;; 

The effect of placticizers on the strength of the con- 
crete also varies with? the-mineral constituents of which 
the cement is oomposed. According to Professor Pu-t e, 
among the- mineral compounds formed at Incipient fusion, 
C3S can be made strong by. plasticizers* The strengths of 
other minerals: are,. on the contrary, reduced. 

Because different cements have different mineral com- 
positions, the effects of plasticizers on the strength 
of the concrete depend, on the cement specimen used* for 
the test.; ■■ "•;,..h>  .'<■■■*■;;■ 
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(2) Percolation—resisting and anti-freezing 

The sedimentation öf solid particles in concrete forces 
water out of the mass after, molding, leaving capillary 
channels. The number and shape of these capillary chan- 
nels are responsible for differenbes in ability to re- 
sist percolation* If their1 number is great» their sizes 
laree, and their shapes straight, the resistance to 
perbolatioh is low» 

The purpose of plasticizers is to reduce thö jujöunt öf 
water needed by the concrete While keeping fluidity cbh* 
starit* tfhe dondltiört of bleeding therefore can be also 
reduced. 

In addition," plasticizers disperse the cement grains 
to form gelatinous- compounds with water, thus preventing 
water from being expelled, reducing the number of capil- 
lary channels* formed, and -finally .improving resistance to 
percolation. 

With regard to damage to concrete from freezing, two 
theories were put forward. The. first one, advanced by^ 
H. A. Po-po-fu, ascribes this damage to the movement or 
water. In his theory the concrete was considered to be 
cooled unevenly« Water from the less cooled part moves 
to the more cooled area and the amount of water in the 
more cooled area Is greatly increased. 

As a result of freezing, however, the innumerable and 
uniformly distributed bubbles prevent the frozen part from 
gaining more water. In this way the ability of^the con- 
crete to resist damage from freezing,Is improved. 

The second theory was propounded by Pao-erh-ssuand_ 
was called the water pressure theory. He considered tnat 
when a concrete was frozen, the water In its capillaries 
encountered resistance and was prevented from flowing 
freely. 

Water pressure in the capillaries was therefore, very 
high. But, if there were innumerable bubbles in the con- 
crete, the water which was prevented from flowing^might 
enter them. In that case, the water pressure could be 
lowered and the damage from freezing could be possibly 
reduced. 
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The two theories have one single conclusion, which 
states clearly that the reduction of concrete capillaries 
as well as a certain amount of uniformly distributed 
bubbles both contribute to the ability tb resist damage 
from freezing.; Such conclusion,has been verified by'a 
great many tests* 

Plasticlzers not .only,.rMudeTthe number of concrete 
capillaries by the reduction öf cöhürete bleeding, but 
also improve the concretels ability to resist freezing 
damage by the formation of a certain amount of air bubbles, 

Table (14) shows the strengths of concrete which was 
mixed with plasticlzers and which was subjected to alter- 
nate freezing and thawing tests twenty-five times» 

Classified Anti-freezing Strength Prom Tests: 
No Strengths of Specimens 

Regular Reed Sunflower Pine      Rice 

1 95 106 61.2 103      93.8 

2 — 103 922 122    100 

3 MM! 101 1ÖS 93.4102 

4 m*mm 84 105 109    102 

Table 14. Strengths of Concrete Subjected 
to Alternate Freezing and Thawing Tests 25 

Times 
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(VI)- Preliminary estimate of economic efficacy 

When a. suitable quantity Of domestic plasticiziers' is'■■'•< 
used, they can reduce the amount'of water needed by the1 

concrete, reduce the quantity of cement used, improve Con- 
crete strength j and improve concrete ./durability.. Their 
economic efficacy should, there^pf-bv b^ considered on the 
basis ofL the total effects on the'required'water, strength, 
anti-freezing ability and resistance'to percolation;• But 
because the anti-freezing test has hot yet come to a con- 
clusion, such efficacy can for the time' being be only 
preliminary estimated from the amount of water and the 
concrete strength at the age'of 28'days:. •'c>-.• ■ 

We used water-cement ratios of 0.65, 0.75 and 0.85 to 
find a straight line which represents the relationship 
between the water-cement.ra'tio and the cbmpressive.^strength 
of a regular concrete at the age of 28 days, (see Fig. 2) 

Figure 2..Relationship between water-cement ratio and 
compressive strength of a regular concrete 
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From Fig. 2 and table 13, we can get the amount of ce- 
ment required for a certain standard No of regular con- 
crete as well as that required for the same standard Ho. 
of concrete which has beeen mixed with plastici2ers, as 
shown in table 15i 

Table 15. Comparisoh ^ettyeen the Quantity of Cement 
Required for ä Regular Concrete and.that Required for 

Concrete Mixel. with Plastlclzers 

Standard 
No 

Regulär 

•Water- 
cement 
ratios 

• Concrete 

Cement 
Required 
Kg/m3; 

Concrete Mixed with Pias« 
ticizers 

of 
Concrete 

Names 
of 

Plasticizers 

Quantity 
Percent 

153 0.617 263 Rice-stalk ,; 0.05 

152.5 0.617 263 
Waste liquor 

of reed 0.20 

137.8 Oo65 249 Sunflower 0.10 

I23.I 0.697 233 Pine-leaf 0.05 

Concrete Mixed with Plasticizers  Reduction of Cement 

Water-cement  Cement Required   Kg/rn^ 
ratios       Kg/m3 

Percent 

0.65 2jC +27 , +10.3 

0.'65 231 •62 +12.2 

0.65 236 +13 +5.2 

0.65 236 -3 -1.3 
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The economic efficacy £sr .j&b^/in; tab^Le-'; 16. 

Table 16* Estimated Reduction of Expense per'Cubic- .  ; 

Meter of Concrete 

■"     .""' "V: '''.. toaste'■"'' '".SunVy^v'/^ "". ■."■''•'""'":'" 
Names of Plasticizers Liquor flower;v; Pine-leaf Ric6-stalk 

•■■' T'' " ""■'"*'  of Reed" ; ' : •"• " ••.""•• '" 
Reduc-  Cement  Kilo-   32   13    -3 27 
tion  Unit Cost grams    0,1  0.1  .0.1 0.1 

of - Total Cost Yuan/    3.2   1.1  4<0.3 2*7 
Expense  ■'          Kg Yuan 

of 

ex- 

pense 

1 Vege- Amount. Kg- 
table UnitYuan/ 

In-  • Ingrescost, Kg 
. dionta .Total./- 

cost "Yuan ' 
crease    —— 

4.54 

0,075 

0.34 

Ü82 

0,075 

0.136 

'2.5 

0.075 

0.188 

Fu-  Amount Kg 
s-ed  Unit Yuan/ 
Alka- cost,  Kg. 
Ii   Total 

cost ,, Yuan 

0,454 

0.6 

0.27 

0.182 

0.6 

0.109 

•Fuel Amount Kg 
Unit Yuan/ 
cost,- Kg 
Total 
cost  ^uan 

4.54 

Ö.Ö23 

0^104 

1.8 

0.Ö2S 

0.041' 

0.25 

0.6 

0.15 

2.5 

0*023 

0.058 

• Wages      -Yuan 
•■-- 

0.4  - 0.10 0.22 

- TO T AL 0.156 1.114 O.386 0.616 

Profit and loss +3.04 +0.19 -0.69 " +2.08 
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Note* (i) The expense for hydrochloric ab id, which is 
.■.'■;:•••:■!only 5 /.c^ev: per .cubic;meter ofcconcrete, la 

■; ■ ;., ^negligible, ,■.?.. *%.;u.'; ~o:r ;..-; :*>.'i ■•;■  ■■'■*'.'•' - '..' 

(2) Waste liquor Of reed is a by-product of paper 
manufacture. Its unit cost is very low and 
is assumed to he 15 yuan per ton (including 

■■■-.;.' ■:•• ■transportation^^w)i-;f:rJ^i7^;;iv-iv-■■•■.■■.'; 

.(3) The expense for manufacturihg:;the plpt|ciaers 
is estimated for small sc&le production» 

(VII) Preliminary conclusions ,: • .'..«-,;' 

(1 )< The solutions" produced hy, hqilins. some plants with 
NaOH may have-plastic losing effect?* oh concrete ahd:„ean he..-. 
used as plasticizers. If the materials are suitable, the., 
amount of cement required can be reduced and it is, there- 
fore, an economical technique,■? - 

(2)-The most favorable amount of plastlelzer used varies 
with the plasticizers as well as with:the,cement. As-re* : 
suits of the tests* the most favorable amounts of various r 
plasticizers for No 400 silicate cement manufactured by , 
the Cement Factory of China are shown in table 17« 

• (3). The maximum, amount of: plasticizers used should, not.. 
be oTar>''0a2'^wreenti».-..-:-'Too müchjmay hot, only-cause: a great 
reduction of concrete strength but also influence concrete, 
stability. 

(4) Plasticiaere are.very-favorable to the.durability• 
of concrete«- •>'. ' ':- ■ .•■/.■' v ■ ■r"1,:.V,; :■''•■;;■•■■■■ ■,■.■'.■(•;:"■■.■■■-. 

■ '■   • .'-Sable 17 ' !'■'•■:v,,':.:■' 

Names of Plasticizers       Most favorable amount . 
Percent .,,  

waste liquor of reed ,,   '    - 0.i>2ÖT 
vSunflower product?  I -.■.;    ^. ■: -0;»10: 
Plhe-leaf product    '■■•■■:• :.?■■;;.».<■.:,     '■;•■ &.P& J 

• Rio«^i«lkvpxs>diiet^i:--,-'':.-..-..■'■..■.';■.■■«'.-■.*•';■'■.■•> 0.05 , 
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—^*tf^mn^^^!m livt\,i*i. jpi     ■ nii.i>iii^iai^ 

AN ANALYSIS OF THE-' TURBULENT WATER : (KUN-3HUI) 
CONDITIONS OF THE FU HO^KIAN&SI,: GHIÄO-MIM TURBULENT WATER 

EARTH DAM-•-''-•:'--' 

[The followiftg consists ot an excerpt of ah jft1«*« : 
written by Kung T'ung-fu,, ap^aring^ln the Shui^ll Shui- 
tien Chien-she, No 17» September 1959, pages 28-35. J 

Since the beginning of the great leap fprWard* «)uäk 
cement and steel has been required to build>rious st«£- 
tures, such as diversion dams, turbulent channle, anä over- 
flow spillways for the multi-purpose pattern of our water 
conservation system. To save such materials there is a 
irend toward building a new type dam* the overflow earth 
dam* ■ 

The design of such a hew type will resulV In great . 
economies. If there is natiött-wlde use of this new- type 
dam for irrigation and hydroelectric power work, con- 
struction expenditures can be reduced and cement and steex, 
the inadequacy of which is painfully apparent, can be 
saved as well. 

However, information about this type dam and the fac- 
tors involved in its construction is thus far very scant* 
Deeper and wider Inquiries of its problems remain to be 

made.     '..^''-"\.:. ^-",.,,-..■.'■>■■ .-. '■'.'■^"■, ', ':'■■■''. 

This article introduces the Kan-fu Plain aggregate 
development project in connection with a Project for a 
turbulent water earth dam« The design of the^dam, its 
construction and its condition of water t^J6?00^**. 
all included. It Is the hope of the wit» that thl.ar- 
tide may be a useful reference work for future designers 
of such dams. 

Kan-fu plain Is the site on which.the largest.aggre- 
gate project of irrigation in Eiangsl has beendeveloped. 
This project benefits the entire region,consisting of 
the metropolitan area of Nan-ch'ang audits. *l;tf"*Ä||f-il1 
Feng-ch'eng Hsien, Chln-hsien Helen, and Lin-ch'uan Helen. 
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The Kan-fu plain is the largest plain in Kiangsi. 
It is situated on the lower valley of the Fu^ Ho.;.. A •■■• ■ 
great dam of the Kan Chiang, is,- ta<thtfwest of it* Ch lng- 
lan Hu to the eaat -and' 'p'b-yang.iHu to' the-•north.,,/ It 
covers an area, of about'2;000 square* kilometers,    and 
has a cultivated area of1,850,000 mou and a population 
of lel million«   _'■      ... .....; .••■::-.•: :i:y .^'.s"-':>' ^':'-'.<-''  ■'■""''': 

Beihg a hub of hallways >tnd ■hlghwfa3rs.^the;Ean-fu : 
plain possesses a great many .goods3-ööatioias for Indus.r . - 
trial plants.    It is a major politicalyeconomic, com- 
munications, cultural, industrial, and agricultural cen- 
ter Of our country. ■;■<' - ■■• "'■'*";/■     . :-r',?-W   '■■■"- 

*• 

1; : The turbulent waterl';earth; dam- is a most decent - 
typeröf dam to be used in bur hydroelectric power enter-.- 
prises, .According to the .experiment conducted by ,Ch ing- 
hua University, it is categorically reliable. From the : 
planning to the construction, work, as; well as the condi- 
tion o.f.water turbulence of this large dam, the results 
have also given a confirmation of its merit. 

Its merit is"sufficientvto warrant.great development. 
This'large-sized dam we'built has been successfully sub-: 
Jected to a hydraulic test* ... The test 'indicated that this v.: 
type of dam can be u^sed'^s a./structure for carrying off  " : 
flood, water; or the-Väter of a reservoir, under certain 
conditions the more expensiveconstruct ion, of overflow ;. 
spillways can therefore bf obsolete. ; '■• 

2,:"We"-have had' much practice in-constructing the 
Chiao-mien cross-riverrchannel dam, a turbulent water type. 
The results of such practice have indicated that a large-: 
sized damiof this kind is not Only efficient in carrying 
off a probable flood but can also be put permanently,- , 
underwater. :;:-'-' ,'■''  '' "''.'••- '■/' -•" '/'"''ir';': 

In th^s/ wayy%its ability ;to guide the turbulent ;Wäter;-, 
directly.from,:the :river to,the irrigated lands is ^^ . ,; 
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questionable. A new way of saving cement and iron for 
use in the construction-of hydroelectric power works 
has thus been discovered. 

3», If the dam is put permanently under water the 
apron and the inverted filters älcjng the downstream edge 
of the dam should be carefully deaigned» The continuous 
sisslpation of energy [ofi'jttiö discharge] on the downstream 
side should be also car^fiitly calculated* 

- The calculation of hydraulic forcö on'the downstream 
side of this dam Indicated that there was no ski**Jump* 
The design of the downstream side was, therefore» relative- 
ly simple* In addition* the bed of the river was found 
to be a rock formation* 

4. If a cross-river-channel dam of the turbulent 
water type is to be put under water permanently, and if 
the sand content of the upstream is great, No 110 concrete 
should be U3ed for the dam crest as well as for its face 
plates. If both the sand content and the stream capa- 
city per unit width are not great, the standard of con- 
crete may be lowered to between No 90 and No 70; the .* 
dams' faces may even be made of cement-lime mortar or 
lime. ■ 

Recently we have designed an overflow embankment which 
will be built of cement-lime mortar. 

5c The size of each concrete block for the faces 
of "theGhiao-mlett dam is relatively large—five by five 
meters. The thickness is 20 centimeters« 

In the examination paper of Gbin-hua University, the 
formula used for calculating the strength of the face 
of a dam is a formula for a cantilever with a slope of 
six horizontal to one vertical. We did not use this 
method to calculate the strength of the concrete faces 
of the Chiao-mien dam. 

The faces of Chiao-mlen dam were assumed to form one 
flexible flat beam. In this way when the thickness of 
the concrete blocks is kept constant, the size of each 
block can be relatively large. The large size of each 
block-not only facilitates construction work but also 
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lessens the number, >£- JP:*ht8 between the. adjacent blocks. 

No crack of the-faces-^ djf^he^d^ :has^ey^loped al- 
though the dam has been subjected to torrents many times. 
Therefore, the practical method presented above represent« 
a rational way of calculating the strength of dams having 
a height of; 10 to 15 meters* ■; V. ■..;.' \« -a-,,-..<,.* 

■■■' -'; '■■ :'il 
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TEN YEARS *- AGO OMPLISHMENTS • 
IN WATER CONSERVATION AND ELECTRIC 

POWER CONSTRUCTION ±N'SHANSI 

[This is a translation o$ pätiä  I, II, and III of 
an article prepared by the Water Conservancy Engineering 
Bureau of the Shansi Provincial Department of Agricul- 
ture and Construetion, appearing in ShUi-li Shui-tien 
Öhien*she> No 18, 20 September 1959, pages 18-^20* j 

As we welcome with enthusiasm the coming of the 
tenth anniversary of the founding of the state* the people 
who are fighting at Fen Ho, Su-shui Ho, Chang Ho* and the 
various water conservation and hydroelectric work sites 
are pleasantly and tensely laboring to welcome the 
great festival» They are contributing to the national 
day with practical acts« 

The hydrologic, surveying, geological, and designing 
workers busy in such places as Wen-yu Ho, Sang-kan Ho, 
Chin-sha-t*an beyond the borders and Sha-hu-k ou are 
again tensely making preparations for the engineering 
projects to be started next year. 

Looking into the future of water conservation and 
electric power construction* a review of the experiences 
and lessons of the past ten years is of great signifi- 
cance. 

At this moment we are very proud to make to the Party, 
and to the people of the whole country asgeneral report 
on the brilliant achievements of our province in water 
conservation and electric power construction during the 
past ten years» 

I. 

What was the situation relating to water conservation 
and hydroelectric construction in our province before the 
liberation? 
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Before the liberation the foundation of water conser- 
vancy construction in our province was extremely weak. 
There was hot :a single hydroelectric power station, in . 
the whole-province. .At that time the whole province had ,. 
an area of only 3,680,000 mbü of land" irrigated by'■'... ;•.,," 
well water, natural fountains and floods, ,.,   ;-.,v"■..'■■ 

This constituted six percent of, all cultivated land in 
the whole,province. These, irrigation facilities were»;, 
moreover, all located In :a small number of localities on,'' 
the banks of Fen Ho and Hu-t'o Ho. "., 

Even these limited irrigation facilities were owned by 
the bureaucrats and the landlords. 'Moreover damage fromv^ 
War le4 to.these facilities being in a state of bad re-. 
pair. Only a little mo re. than two million mou'jof land:' '!,:. 
actually had access to lrrigätlph facilities*: ... 

As a result our province suffered regularly from 
drought * Very often we could not sow Inthe .spring be- 
cause pf the lack of^ ^ain^wjö could not preserve the 
seedlings in the: summer,;and we could not reap a harvest 
in the.autumn.;;;;; [i.;'^-\.[:':i.y_/VA-:i.'.',/'\, ; 

^Accordingly, ähansl was spoken of as an area where 
"there is a drought in nine but of ten years,"and 
where "there is a drought in the spring and waterlogging 
in the autumn." 

During the last one hundred years the province suffered 
three times from destructive drought: in 1867, 1920, and 
1929 respectively. The land over an expanse of a thou- 
sand 11was,scprphed. Families were separated. People 
even fed oh, one another. 3Conditions were extraordinarily 
tragic.,- -":.,. -VV'! :■,.. •■.••;■.■■■'■"'■::•       '.':•'■■■  ..';•■•"•■<.» 

Before the liberation, the province not. only suffered 
from serious drought, but because in. the mountainous 
regions the forests were destroyed in the attempt.to  . 
reclaim wasteland, there was, serious loss of soil. -The 
lower .reaches of the rivers silted and no control facill-, 
ties were provided, 

Jla a result each serious downpour of rain led to great 
floods, from-the mountain torrents, wtilch produced great ''.".. 
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calamities. Floods not only Inundated cultivated fields, 
but also led to loss of life. Thus, along the banks of 
Pen Ho there was circulated the folk-sons:  *n the äa7 
the draft cattle worked the good fields; lri the night 
the floods came and the land was laid waste* 

In 1913 the Pen Ho breached its dikes at T'al-yüan, 
inundating mote Iftian 1.6 million }nöü of farmland, af- 
fecting more than 380 villagesJ and causing the most 
terrible damage» ';c <"  ;-' 

Because the calamities of di'oughi and flood we**« 
frequent, the production and livelihood of the working 
people had no protection. In those days the older 
people always taught the younger people bjf these words: 
"Every year take precautions against drought. Every 
nlgHt take precautions against the wolf." 

Even now the older) people still have fresh memories of 
the past calamities of drought and flood. It is therefore 
not difficult to understand why water conservation con- 
struction developed so; rapidly after the liberation; 
it is not difficult to appreciate the saying that water- 
conservancy is the life line of agriculture, and water is 
the blood of the crops*" 

'II. 

Drought is the greatest enemy of agricultural pro- 
duction In our province. Without water there will be^no 
food grain. Thus victory over drought is the urgent hope 
of the people of the whole province. After the liberation 
the Party and the government immediately grasped this 
link in production increase. It Was the time of the re- 
storation of the national economy. Conditions were very 
difficult for all undertakings, but the <state exerted 
very great effort at water conservancy construction. 

On the one hand we restored, reorganized, reconstructed, 
and expanded the original water conservation facilities 
arid actively developed small-sized water conservancy 
projects which cost little and brought immense benefits. 

57 



On the other hand we started on medium sized water con- 
servancy projects. 

As early as 1949, when the bandit Yen was still.oc- 
cupying T'ai-yuan, the original North China People 8 ■ \, 
Government had dispatched a surveying corps to investi- 
gate and survey the irrigation projects at Hu-to Ho and; 
Hsiao Ho. Soon afterward in 1950» the former Ministry 
of Water Conservancy organized the inspection and the 
guidance of the work of Soviet expert ,Comrade Pu-ko-fu 
and others on the dams: for Hu*t 'q Hö .äÄd ?Hsiao Hdi 

At that time we started the construction t>f■ th^ twoi ; 
modern water conservancy projects in'our provihcei fhey 
were completed in 1951 and, 1952 respectively. In 1950 
we also reconstructed the irrigation facilities of Sang- 
kari Ho and reconstructed and expanded the irrigation 
facilities of Hun Ho. 

As we entered the period of the First Five-Year Plan 
for the Development of the National Economy, we started 
a planned movement for the development of water conser- 
vancy in Beveral major areasw 

During the five-year period we constructed 217,000 
small engineering projects and completed 47 water conser- 
vancy projects of larger sizes„ These project greatly 
promoted the development of agricultural production at 
the time. They "began to bring about a transformation of 
the natural faces of their respective areas. 

In 1958 we entered the period of the Second Five-Year 
Plan, This was a year of the greatest significance In 
the history of water conservancy and hydroelectric 
construction in our province« The Provincial Committee 
sent out toe call to fight hard for three years to change 
the face of the entire province. 

The people of the whole province responded, They 
developed the Communist characteristics of daring to think 
and daring to act. They were determined to conserve the 
water from the sky, to retain the water on the ground, 
and to bring out the water from underground. ... 

58 



The people fought hard Invbhe severe winter» They , , 
battled the rainy season, 'Invaddition to completing large 
numbers- of- small sized water "conservancy j project s, they, 
also completed- 111^ larger w^ter .conservancy.projects . . 
(some not füplly1 completed), •These projeet-s^involved 40 ,.. . 
million cubic meters of earth and stone work» .. The *ull <■'*.«. 
completfer;of; these: projects will provide Irrigation-, c,5;;r. 
facilities.lfpr:pV220',000/moU':of,.land«<:.; ■-..:.;■■■'•;■".•:■■   '...,■:.;*!. 'i 

These projects include the following: .. the Hun-yuan;. "'■".. 
Tang-yu Po-kung-pa Reservoir with dams 64 meters high; 
the Hui :Hd Reservoir with a: water conservation capacity 
Of f5 million cubic' meters j the-Hung-chao July First ...... 
Canal, 150 'kilometers long and conducting water.up the •,.,.., 
area; the mountain canal: &t.:Po-lariryeii.j Ping-shun, ; .........-.... 
built on a'high precipice;'; and the Tun-e.hiahg; August v: ;..;, 
First Reservoir and Wu-chai Nah^feng Reservoir both <Jon-_ 
structed with the cooperation,of the military and civi- 
lian populations» 

■!.   ft f! ■• ' >'■ 

Allthese^projects:fcave^been;: gigantic and difficult, 
but they all have been conquered by the strength and    .. 
wisdom of the broad masses of the people.    It is truly a 
case pi making "the; läöüntainsfbbW'. their heads and the 
watersV^verway.jr   -f ■■■[*r-- _'■■ '..,-;'-v.- ■■,.■:..-'•■. 

The big leap forward; in water conservancy construc.tloh ; 
in 1958 and *the realization of eommunalization..thro/ugh~ 
out the province laid sound foundations ideologically»  y, 
organizationally,  and materially for the construction of 
large sized water conservancy pro jects yln pur province 
on a larger -sPale. " ';--: ^••*:■;. >>i.-;-\;! -a: ■.■■■.      =;.■■:■...-,_■_,..-•■ 

Accordihgly in 1959 water conservancy:and hydroelectric 
construction has continued to leap forward«   ,.The large 
reservoir of the Fen Ho — to which we have looked for-r 
ward for a long time — will start to retain the flood 
waters and to conserve water during the year.   ;.,: 

We have also succ Ped ed"in the method of buildlng.higl; 
dams' (40-meters)' by pouring earth into the water«. ,. fe. .-,.... 
have also developed on a large scale the work pf;.harness- 
ing the Su-shui Ho and the Chang Ho basin in the Tai- 
hang Shan area, both of which have been scenes of repeated 
calamities.    In addition many engineering projects are 
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already under construction, while many more are being 
prepared. /.<"•■ 

iti. ... 

During the past ten years, we Ha^e not onlv completed 
many engineering projects but also, in the course of our 
actual, struggle built up a technical force arid gradually 
arrived at a clea* understanding of the policy for 
water conservation» 

Water conservancy work has changed from a former situa- 
tion in which we feared the water and paid major atten- 
tion to draining water to a new one in which we love the 
water and'pay major attention to conserving it. The 
former situation in which official projects predominated 
in the water conservancy field has been changed to the 
present .situation in which the masses carry out the 
major share of the water conservancy work. 

From arrangements for single .projects we have progressed 
to attention to whole river basins and to the systematic 
planning of many projects, covering the plains and the 
mountain areas and seeking the overall basic harnessing 
of the waters» 

From seeking simple uses of the water, we have developed 
to the stage Where we are undertaking the comprehensive 
utilization of the water. Irrigation is the basic con- 
sideration, but also included are flood prevention, power 
generation, navigation and pisciculture. 

From the exploitation of single sources of water supply 
we have progressed to the combined utilization and re- 
gulation of water sources both on the ground and under- 
ground. The people in their actual practice have mastered 
the laws governing the above mentioned activities. 

During the ten year, period the state has helped with 
investments and loans totaling 210 million yuan and 
Soviet experts have given guidance in advanced techniques. 
Thus our province has made unprecedentedly great achieve- 
ments in all aspects of water conservancy and hydro- 
electric construction. 
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During the past ten years we have constructed more 
than 628,000 small sized water conservancy projects and 
172 large and medium sized water conservancy projects. 
We have completed more than.,.9,000 bridges* culverts, 
cisterns, and cascades» 

;.: The large and medium sized proiecta mentioned.above 
involved 83.5 million cubic meter^cQf\earth' and" stone • :-, 
work. • The projects, expanded and improved irrigation;- 
facilities for an area of 7»340,00^ inoUv'and provided a .., 
water conservation capacity of 940 millions-cubic, meters,,. 

-..., 'Among:these, projectsrWith dams more..$han<.-25.--.meters 
high or^with a water conservation capacity:of more than;:. 
lOntnlllion cubic meters include %\\e- following!, the,vre-,, r 
construction: of-the second-and (third ,dams of Fen; Hoj ;t.he,- 
dredging and' construe t ion -of the water courses of ..Hsiaoc-r 
Ho, -Hu-t *o Ho, -Sang-kan Ho, Hun Ho , Yu Ho,, - Yang-rwu Ho, : , 
Tse-yuan:Canaly-Hslang~fen "Leap Forward ■' Canal,.and ;i; ...... 
Hung-tung "July.First- 0.anal;.,the copstruction of the .• 
reservoirs of Pen Ho at Hsia-shih-chia-chuang, Hui Ho 

. at• Hou-ma Shih,, Tung-chiang at. Chang-chih Shih, Yang-po 
at Lin:Hsien,.Nanrfeng ai-Wu-chai, Tzurliang atrShan-yin.r 
Chen j Küorpao;at•Tai-ku, Ti~shui-?yen .at Tso-yun, Hou«?. ... 
chuangtat Fan-chih, Ghao-chia-k^ou :at Shuo Hsien, .§hen- 
ts'un at Chang-chih, Hsl-pao at Hu-kuan, Tu-ehla-ho, ,, -: 
Yueh-llng-shan at Ch'in Hsien, and Hsia-pei-li. 

. The construction of these large and medium sized water 
conservancy projects ha3 led-to the;: control, of,-.water   .; 
sources, over large: areas and has, provided greater^ capa- 
city for the conservation and, regulation of water.- supply» 
It has guaranteed the irrigation of farmland in the dry 
season and thus played a decisive role-In-the trans- , 
formation.of: the:water supply situation of a;whole river 
basin..." .       ■    •;•*• .■-.     •.. :;'"<  '■'■ 

The Fen Ho Reservoir' is the. largest« ,0n:.lts full 
completion, it will exercise control over an area of 
5,300 square.kilometers on the. upper. reaches of the ri- 
ver and have-a water conservation.capacity of -700 million 

• cubic meters* It will basically remove the,threat of 
the Fen-Ho flooding the. T'ai-jruan Municipality, reduce,:, 
the calamities produced by floods in the .Central Shansl, 
basin, and guarantee the timely and.. ;adequate Irrigation, ,. 
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of 1.'3 million mou of farmland .in.central Shansi. Jn 

addition it will supply water for the industrial and con- 
sumption needs of the T'ai-yuan Äiicipality. - .; .. 

furthermore, a hydroelectric power station with a 
capacity of 9,000 kilowatts will be constructed at the 
Fen Ho reservoir* This powör jplaht will be linked 
vith the electric power network of T'ai-yuan so that 
thermal power and hydroelectric power will .supplement 
each other. The rural'areas in the neighborhood will 
be electrified« , 

In 1959 simultaneous with the battle in the north 
against Fen Ho, we are also.Carrying out the "southern 
expedition against üU-shui Ho. The harnessing of the 
rivers in this area had started in 1950, but at the time 
we only attended to the prevention of flood and the 
drainage of waterlogging* 

Since 1956 we have changed this policy and have pro- 
gressed to the stage where water conservation has been 
made the major goal and attention is paid to both con- 
servation and drainage» This year more than 30,000 
heroes are continuing the battle in this, area. 

After a difficult struggle,.we have completed seven 
reservoirs, including the Chang Liane.and Yu bang reser- 
voirs, l/«e. are at present constructing the Shang Ma, 
LuChuang and other reservoirs0 We are also carrying 
out desiöns for the whole basin. These include plans 
for soil, preservation and afforestation in the upper 
reaches, arrangements for the major, projects of the 
trunk water courses, improved utilization of low lying 
and alkaline land, for the high altitude irrigation 
project to conduct the waters of the Yellow River to 
the area, for the Su-shui embankment and drainage pro- 
ject connected with the San-men Gorge Reservoir, and 

, for the development and utilization of underground wa- 
■ ter« 

The people have put Up such great zeal and have de- 
voted such a long period of time to the harnessing of 
Su-shui Ho because, with the full completion of all. the 
projects mentioned, the annual output of sodium sul- 
phate will come up to 70 percent of the total national 
output. 
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At the' *aW }£iM ;wö'.shall1 definitely :P*f>erve^he .salt 
sea of Yun-cheng, WWsei;f or the'Chemical industry••wltb. - 
i?s large Putput'of salt. Furthermore, the Tung;pu Kail- 
way will; be spared from i£mMätiohduriflgvthe:flood, sea- 
son. 

The1 completion of all the projects yiil also.Pjovide^ 
irrigation facilities far;nearly two mlllton mou of..farm^ 
iandrfI?Smillibnmoü 0|■ f-armlaÄyn^ fr»g;Jrg.^ 
threat of floods* and 500,000 mou of alkaline soilmay 
be gradually improved and utilized. 

Furthermore,' after the conservation öf water, we;-may- ■ 
also develop;pisciculture, Electric power generation,; . ^- 
S^?igiHö^-ai^:^usiSfliui- good fortune tothe people, 
of the entire' basin* '■■■ ■■•-?■••-• ^■-■*\* ^-;-;_ - ;^'- ■ -■ \   • '•:;',.;.•. 

During the past ten years we have earnestly and 
thoroughly ^implemented the^rinciples: of »preparedness 
against calamity aM-payin^reater■■ attention to P^-' 
vention than emergency relief-measures, «V and the- policy . ■ 
of combining flood prevention with irrigation promotion. 
we have completed more than 150,000 flood prevention and 
drainage projects of a mass nature and have given protec- 
tion lg 149 cities and towns, 1,84? villages, .and more- 
than 12 million mou of;land, 

t»e have carried out the dredging ^and harnessing of^such 
key rivers as i/ven-yu Ho, bu-^shui üöy-Yu-yu-Hö, ;and ^ao-,- 
jung Canal. '■■•'We haVe strengthened the^eMbgnkments of. the. 
Fen Ho ®atT<ai-yuan Municipality and^the laoiio at .Yang- 
chuan^iuniclpalit/i and we-have- carried out flood pre- , •, 
ve^iofSoEjects\ il^Ta^en-yu^k^ou, iin^shih»cheng^kua% 
vven-shui-hsi-she', and ^sb-chuan-ma-tien. ~ ■■■ 

Simultaneous with the;harnessing of ■ the majorTivers^ 
we have also constructed flbc4 prevention projects on the 
side of the mountains at Taiyuan Municipality, TatungÄii- 
cipality, and Chang-chih Municipality. We have thus raised 
the flood prevention and flood water drainage.standards of 
the rivers^and prevented flooding by mountpn torrents,, thus 
guaranteeing industrial and municipal construction,in; the 
above named cities» V        ■,■■";.'.-■".'"."V. ;.",.',."'r- v.-";'- 
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We have also.developed.education among the broad 
masses on the prevention of the danger from mountain 
torrents. Our province has seen a,marked decrease in 
such calamities as the landslides and the collapse of 
kilns in the extensive rural areas in the mountainous 
districts. ■■■■•■.. , :,; ■".■ * 

■..-■ Simultaneous with the large scale development of wa- 
ter conservancy projects > our province has also regis- 
tered- great developrieht' in, the rural areas in the field 
of hydroelectricity* 

: In 1955. the first hydroelectric power station in our 
province was constructed—the Mlng-chiang Hydroelectric 
Power "Station at Hung-tung. Since then a total of 113 
hydroelectric power plants have been constructed in the 
rural areas of the province, with a total generating ca- 
pacity of 2,449 kilowatts^ 

We have also built 200 power stations generating 
3,520 kilowatts» There are 13 hydroelectric power plants 
with equipment of a capacity of more than 40 kilowatts, 
and they include those of Kuahg-lirig-shen-tang, Ping- 
ting-niang-tsu-kuan, Shan-yin-chen-tzu-liang, and Chih- 
hsiu-hung-shan. 

The construction of these electricity plants and power 
stations has provided cheap electricity and power for the 
development of irrigation at high altitudes, flour milling, 
oil pressing, processing operations of agricultural side- 
line undertakings, lighting for the rural areas, and for 
local industries such as Iron smelting and timber proces- 
sing. 

The hydroelectric plant at Shlh-tsJun, Hung-tung Hslen, 
has a capacity of 38 kilowatts. From September to the 
end of 1958, a period of three months, the plant was res- 
ponsible for the ginning- of 700,000 chin of cotton and the 
milling of 420,000 chin of flour. 

This economized 13,675 man-days and 2,615 head-days 
(of animal power). The income and the savings together 
totalled 21,800 yuan* which was equal to 124.5 percent of 
the total investment of 17,500 yuan in the plant. 
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Because the investment. was ^* ^^^Slog« 
huge, Hung-tuns J^en ,ln.l^^^J%^e peci>le, ; 
o-f the development-;P.f_-^J^W«Srtia--efforts, mänufac- 
We people .bf;the .who|e to£m^^VÄhery, pröV 
turöd- their:öwn elect^i^ty £JfTa^för processing, 
aucea their own. acce»goriJJ «^oois xor P 
•eavea-their own capital, and P^c^ea ^ lect*lc 
materials.    They ^f.^^^^nd^fpöwer. stations i plants,,seneraUns|lfÄy^a||s^ ^unf^lded 

areas; 

. ». have .tW^^MJ^Srf^SSSS^:^*« 

priority to power before elsotriclty. , 

We have further m^^^%^^^ *" 

and walking on two .legs* •■,-? *■>•••' • .v,, ?■ - • ? 
;"', AS,the result öf^the^.elopme^^^aU^hVpeopl^of 

pro Jecte '?Ttfr8
rfiä|oS^wS.i°h aitaoh« m^'tery to 

the superstitious .v.iewtO-rht^     ourselves 'native eleo- 
:9leotrielty.    2? .can ' TKff' BSSLI*!**! «alter turbines 

^suL^^ 

■ -been built by 'children. 
Durln8 the Past.te? yea^^e.^avof.our o^- 

pletlohof various «f*9f J"»^^« basle taskl relating 
vines has aeoumulatea rieha**aw°^a^haerväney :proJects, 

dies. . • ■-..   :;..';;;■ ,:'^;'   -V-»   •■ 

,/■    in^ aeslgnlna^e ^^f-^^^^Hof lans^an 
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and Su-shui Ho, The area oovered by these desInga totals 
135,000, square kilometers, constituting 86 percent of the 
total area of'the province»■• 

In surveying and cartography* we have completed topo- 
grapSlcal survlys of 16,400 square kilometers, linear 
fu*veys of I20324.sauare kilometers, and general soil 
surveys, of 18*300 square kilometers of the scale of l/ 
looOjOobo 

Regarding the investigation of underground watfr 
sourclsi%dfb^ 1958 we had carried out the investigation 
and'surveying öf water sources in the cities of T^ai-yuan, 
T*a~tung and Chang-dhtfu The work has given effectlve 
support to the Industrial development of these cities. 

We have also achieved many results in geological sur- 
veying, soil experimentation, and soil analysis, 

■  Hydrological observation is the vanguard" of watejMon* 
servancy construction. , During the *arlrperiod of the 
liberation, our province had only one ^ydrological Ration, 
Today the province has constructed 68 stations for the 
measurement of waterflow, 311. rain-gauge stations, and 
«iaht stations for experiment on cross currents. Hydro- 
■iöSJal SbMridtSri stations are scattered over practic- 
ally all the rivers of the province, 

. The data from observations and analyses made by such 
stations a?e supplied to industrial and mining enter- ^ 
Prtses antcitles and communications enterprises of the 
province? We have, also achieved good results in th« 
Stilization of these observation stations for the fore- 
casting of floods and droughts. They have played a 
great ?ole in flood prevention and drought prevention in 
the province. 

During the past tea years, through our Practical ef- 
forts at water conservancy construction, scientific and 
technical levels in the water conservancy field In our 
province have been greatly raiseda 

We have also many achievements in this connection. 
They include designing and planning of irrigation areas. 
Improvement of alkaline land, dam construction by pouring 
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earth ihto^he^Äter^ dam?.'^fltrtfotiöÄi with guld^dexr 
r.1 nsiöna    oxv*en explosion, '- and 'th¥ öonatruot.ipn of re-, 
£r?oir18with5d?fferent types*Wfc**j. -We have, aecu^-; 
lated rich experiences. In -these fields* 

-in constructing theli^ 
of -pouring'earth into thfe water;and sucaesafully bullt 
an earthen flood retention dam ^me-sersvh^-/M-*   : 
one of the tallest dams in the whole world to beacon-.. 
structedby this method,    .The, experience gained will 

•Contribute greatly to. designing theory for .this. dainr 
'construction method* '.".; ,1.       \   A v -■-'.. 

'inPostering technical personnel, during the. PasOf^ 
vears, the state has reported to such measures as Jraln-_ 

-Ing^themL,schools and, sending cadres for ***"? studies. 
As a result the technical1force^of -our province, has greatly 
txpanold.    At the timrbrth* liberation we, had «tfjrg few 

1     more than 40 technicians,,.   Today there are already 750 
water coh3ervancy,,techh#5al Cadres of a medium, ley.el and 

more'tSn°50.0ÖO peasants'äs; technic^ns in mer^onser- 
Vancy and hydroelectric project^^^ **15*5£^ 

"of training courses and practicax stuaies ao ,tne worx 
••• sitel?    They are now capable of taking up one,or morj 

technical tLL connected with surveying, P™8?*^?, 
actual work, machine operation,  and^eieetrica; operation. 
Through the expansion and consolidation of our technical 
force    and through the .accumulation and •enrichment of wa- 

by step understood; and maetered the objective laws.of 
nature •"' ■■■-■   ^-^J ■:■;.;-■   ■.,;/.<,• v-" ■■■:',"     '.:.'.' "/'..'"'■ ■":-''"=•• • •'•\ 
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. GREAT ACCOMPLISHMENTS IK tfATER 
: aÖMSERVATi'ON :OOMSTHUCTION Cl:N . ^ • 

;HElLUNaKIANG • IN * THE -PAST'TEN' YEARS 

[Thls is a translation of an^article rwr It t^enby Li ■ ,"'; 
Chinch1 engj,. Director of the Ministry of Water Conservancy 
of Heilüngkiang Provincea    The article appears,In Shui- 
11 Shul-tleh Chien-fshej No 18, 26 September 1959* pages 
23^25,3- ■;..-.:.• •■ ': ' ' 

'Water..conservation construction in our.province has 
registered brilliant achievements in the various, fields Of 
farmland'irrigationi flood prevention, control of. water- 
logging , soil perservätiön, and hydroelectric power de- ." . 
velopment in rural areas0 This is the result of tOh '., 
years of development with three hightides in the course 
of prcgrööSTrrealized under the'correct leadership of the 
Central "Committee, ','the [Heilüngkiang] Provincial Committee 
of the Party,.;arid the Provincial ..People's Qounc 11; with ; ; 
reliance o,n tlj.e leadership b'f Party and government organs, 
at different levels; and through the Joint efforts of the 
people of the whole province, 

.,;.;,During the ..past ten years»'we completed 900 million 
cubic meters of earth arid:stone.work*. Large, and small . 
water conservation projects are scattered over all areas 
in, the province«. ; These pro jects have manifested their :■'.'. 
great role in irrigation? flood, prevention* control pi/",.' 
waterlogging, and resistance against drought«,. 

• .During the. ten-year period'we successfully ..overcame 
three droughts arid four f3.ööds:0 The irrigated area Was 
increased, by 80Q percents and flood and drought calami»; ; 
ties were reduced to a marked, degree«. ; We have cöritinu- ', 
ally raised the volume of production arid promoted the " 
rapid development of agricultural production« /.':.-[ 

In the field of farmland irrigation, we have constructed 
nearly ,6,000 reservoirs of .medium and small sizes* ...'We have 
created over 1,000 irrigation, areas» dug pver,:4j,500 kilo« 
meter's pf. irrigation' canals, constructed over .4,900water- 
course to conduct the flow of water,-and sunk ,ove** Ij0,000 
wells. The existing Irrigation facilities are: bjapable^pf 
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Irrigating 15yl30,OQOmou of padäy fields and dry fields 
(this year only 10?67Ö?0Ö0 mou are irrigated because of 
drought and shortage of water supply)» This is eight 
times the irrigation area developed during the 40 years 
before liberation This area of paddy fields is four 
times that before liberation* 

More important still is the fact that, whereas in the 
past only a small number of peasants, of Korean nationality 
worked paddy fields, today paddy fields are extended all, 
over the province and are to be found in practically every 
hsien. Even in the Hei Ho area north of 48 degrees north 
latitude^ where the Japanese imperialisms had in the past 
definitely stated paddy fields could not be cultivated, 
such fields are being extensively developed, A good, 
foundation .has, thus he^n laid for the large scale djsve- 
lopment of paddy fields0; ■ 

Simultaneous with the active development of paddy 
field 3, beginnings in 1956 we ..exerted all-out efforts in 
the sinking of wells for the watering of fields» After 
active efforts and a gigantic struggles the area of ■ 
watered fields in the province hass  at present, reached 
7,3^0s°00 mou«, 

Production increase has been marked* For example, in 
the Big Bumper Harvest Administrative Area of the Hsienr 
feng Peopled Commune in An-ta the output of wheat per 
mou reached 303 chin after receiving benefits from irri- 
gatlonv The output per mou from areas without irrigation 
benefits is only 70 chin» 

Production increase experiences in different locali- 
ties have proved that the irrigation of dry fields is not 
only a basic measure to resist droughty but is also an 
imbortant means of production increase., There are innum- 
erable instances of the multiple Increase of production 
as the result of timely and adequate irrigationi 

During the years 1958 and 1959 our province suffered 
continuously from serious drought* Under the leadership 
of the Party the pecnle of the whole province mobilized 
vail forces which could be mobilized^utilized all water 
sources which could be utilized, and developed large scale 
struggles againts drought0 , 
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In 1958 we watered and irrigated IS million mou of 
farmland, and in 1959. we..irrigated aore. than 1Q-million 
mou' of farmland1»- ;'-^eM'''^der..,xlia1,c<j'ii^tiQna of more, serious 
calamities we' ^sJra^^^ ^e rB8J^zaJklori,of  the big leap 
forward1 of 'agricultural.;"pTOduotion ^increase»;;/,,.> 

In the fields of improvement of low lying areas and 
control of waterlogging,'• during the; past few years the 
province^ newly'; constructed) expanded or .restored to good 
repair.3,800 kilometers of trunk and branch-canals for the 
drainage of water. We•constructed;more than 200=larger 
slaed culverts and other structures, We also carried out 

:;-a large volume of .engineering, projects-in the building öf 
reservoirs and dams and in the field of soil.preservation« 
To-varying degrees'damage from.waterlogging was reduced 
and bumper'harvests secured over the 14 million mou of • 
farmland throughout; the province» v '' -'' 

In Hal^lun •H-slenif.^o^'^amjiile, several hundred /thou* 
«and moü of farmland;had- ;;in"ihe -past :"suffered from .a :■■•■" 
serious calamity in ja he'ayy 'rainfall, suffered from a ■•;■ 
minor calamity in a small rainfallp" and experienced water- 
logging nine years..out of .ten»". .. •.;.-';• 

*■■"■ After efforts in" 1953. to' dredge'-a-.network., of •■■water** 
ways and to. repair reservoirs on the plains? waterlogging 
was basically eliminated« ; Since June of this year the 
area had incessant rainfallj. but.because a,good job was 
diene in the control of waterlogging, the crops grew;luxuri- 
antly, and there was a scene of a bumper harvest. 

In ^Shih-läi-ii Tieh~t$tj in ..WU-chang .Hsien.». waterlogging 
occurred every y§ar, production volume" was low? and the 
masses lived;.in poverty, ' ^Before 1957, the state had to 
subsidise' the' area with from 800. to 900 tons of food- 
grain each yeari; 'In 1§50* Water cohservation; projects :, 
were -developed with vigor9  and the,low lying land ...was ■• . 
converted into paddy fields.. Immediateresults were.re*. 
ported, and a bumper harvest was achieved the same year. 
Not only was state relief no more needed* but the-district 
also sold to the state 230. tons of its surplus grain. 

■ Similar instances have been numerous». During theses .• 
past years, we have had more successful experiences in our 
fight against waterlogging. They, include, the repairs-to 
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reservoirs on the plains,, the dredging of networks of _ 
watercourses,'and the conversion of low lying land into 
paddy field» We have lalLd the/good foundation for our 
future efforts in the improvement of low lying land and 
the control of Wateriooging. 

In the field of flood control and prevention, during 
the past ten y^ars th*. state and the masses put up large^ 
amounts of manpowerj Material resources,: and financial 
resources. Along the,7?. principal rivers of the, whole ^ 
province* we have restored and newly constructed dikes to 
the total length öf idr'ethan 4,300 kilometers. We 
successfully fought fgäihöt four floods, ^±951, .1955, 
1956 and 1957 respectively* Th$ flood in 1957 was the 
biggest since -hydrological records were kept** ;BuV£e 
finally overcame this especially large flood, ohags to , 
the leadership of the Central Committee and the Provincial. 
Committee [of the ^artyj, the all-out support from fraternal 
provinces and municipalities, and the hard struggle put 
up by: the people of the/.whole, province,, 

tfe safeguarded the extensive farmland in urban and . ■. 
rural areas and the life and prprty of the masses of the 
people, and we achieved a great victory in the struggle 
for the prevention of the flood« It was a brilliant page 
in the history of our province. The broad masses of the 
people expressed unbounded gratitude to the Party and the 
government,. 

We may here review the flood of 1932, under the^rule 
of the enemy and the juppet regime. At that time the water 
level was lower than that of 1957. The whole area of 
Harbin was inundated. All along the river there was an 
expanse of water. Huge losses were created« In the^area 
above Harbin alone, 11,500,000 mou of farmxandrere in- 
undated, tens of thousands of people lost .he.r lives, 
and hundreds of thousands were made destitute« 

Thinking of the past and looking at the present, we 
may further understand the great historical significance 
of the people's victory over the flood under the leader- 
ship of the Party* 

in addition, during the past few years we have also 
made great achievements in soil preservation, the.deve- 
lopment of hydro-electricity in rural areas, and in the 
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promotion of meteorological and hydrological activities. 
-These-have played a great role In the development of In- 
dustrial'and agricultural production in the rural areas, 
-in the" improvement of the people's livelihood, and in the 
enlivening of cultural activities in the rural areas. 

Special.mention may be, made of the fact that simultan- 
eous with, all-out efforts at the development of small 
sized.water conservation projects we have-also started 
preparations for,'the hafcne8slng''of the-large rivers^ By 
now we have basicaily complöted designs, for whole basins 
for the watercourses of the Sung-huä Ghiahg [Sungari],; the 
"Mu-leng Ho 5 and ihe La-lin. fio0 We have 'started the plan- 
ning-of -the immediate projects [c'ohn'eet-ed with those de- 
signs]*." Mqrk.h3.ii  startedVpn.the .Slho-Soviet Joint Com* 
pröhehslVe'.Survey of the^Heilüngkiängc.:'; '.:-c':' 

Work now carried, out; pn the ßä-lin Ho: Will be included 
in the first-stage ;:proleets for the harnessing of the 
>Sung-hua Chiang, The Luhg«feng"Shän Reservoir in the 
basin will be basically -completed before National Daye 
Work will soon start on the Täo-shan Reservoir and the 
Lan-kang' Hydro-electric power Station* Preparations are 
under way for the immediate commencement of work on the 
Ta-lal Reservoir on the Nun Chiang«; When these various 
projects are brought into full operation} we shall fur- 
ther transform the situation of suffering from water into 
that of benefitihg from water and create good fortune for 
the people of the whole provincee 

Generally speaking, just as in the cases of other so- 
cialist construction enterprises in the rural areas in 
our province, water conservation construction in the 
province has gone through an abnormal .ten-year period. 
The actual conditions show that the ten-year period 
achieved more than one hundred years had in the past; and, 
in each of the [ten]yearsp we did better than what was done 
in ten years In the paste 

The water conaervation projects we completed.during 
these ten years were several times—and even scores...jof 
times—those completed in the thousands of years of pre- 
vious history« And furthermore, since 1958» the volume 
of earth and stone work completed in less than two years 
has constituted 90 percent of the total work volume of 
the past ten years and more, while the increased area of 
irrigated land was nearly three-fourths of all such in- 
creases« 
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•mj, .  ni|fM,M. 

This fully shows that water conservation construction 
in our province has prf#Sipali|;Realized its unprecedented 
development under the stimulation of the big leap forward, 
being spurred on by the ^o^eteeflt for the building of peo- 
ple's communes«, Thus, the gigantic achievements in water 
conservation construetioh have been the great victories of 
the general line, the big leap forward, and the people's 
communes« Tracing it to the root, they are victories of 
the leadership of the Party«  ;.',- 

Since the big leap forward we have registered great 
achievements both in the speed and the scope of water 
conservation construction.» But more important still, we 
have found the correct policies and measures in water con- 
servation construction, steeled our caderes arid the masses, 
and expanded the force engaged in water conservation work. 

During the past ten years we cultivated more than 
100,000 peasants into technical personnel and workers 
through training and actuai,practice,, We have thus ini- 
tially solved the difficulty of lack of technical forces 
for water conservation construction« 

During these years our basic experiences in achieving 
the big leap forward in water conservation construction 
are as folloW3t 

(1) We must strengthen the leadership of the Party and 
persist in letting politics assume command, : We must rely 
on the leadership of the Party, strengthen political and 
Ideological work, tightly grasp the weapon of the general 
line, and continually overcome rightist thinking. 

in our concrete work we must fully develop our initia- 
tive and at the same time evaluate objective possibili- 
ties. We must fully develop the revolutionary activism 
of the broad masses and continue to exert the utmost 
effort to press forward vigorously, 

(2) We must thoroughly Implement the mass line and de- 
velop strenuously the mass movementa The close combina- 
tion of leadership, the masses, and techniques constitutes 
an important work method in the promotion of the water 
conservation movement«, This calls for "the leadership to 
penetrate the ranks, the cadres to take the lead and es- 
tablish themselves as models, and the summarization of 
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experiences•" We must also be adept at taking a free 
hand, in the organization.of the masses.;, in -the;^develop- 
ment of ■blooming.) contending and debating;, in the con-, 
yoca'tipri.; of- on-the-spot .conferences.for the: interchange" 
of experiences; in the organization ofi comparisons and: 

competitions;-and in taking a tight'grip.on. the, two ends 
in order to,, lead; the middle forces«, -These; measures will 
mutually promote and mutually elevate different forces«.' 
We must further stress the need to.publish our techniques, 
and to mobilize the masses to discuss them so that all 
techniques are provided with an extensive popular base. 

Generally^speaking, the all-out-development of the'- . - 
mass movement; must be combined with the strengthening of.•; 
techniaal. management» . The moblization of the masses With- 
a'free hand must be combined with the conducting of ex-i 
periments for-all measures» Sky-rocketing zeal must:be 
combined with scientific -techniques« -Developing produc- ' 
tion must bei.combined with Improving living conditions» 
Labor must be combined with.;:;lelsure.t>. ■ All .these..-are im- 
portant factors, for the.-proper development of water con- 
servation construction*/ 

(3) The overall and correct implementation of the 
"three major" policy is the fixed and unshakable policy 
in water conservation construction in. the future» : -. In the■". 
a^l-out development of water.conservation construction in : 

the futurei we must thoroughly implement the principles of 
local expediency, comprehensive harnessing» and compre- 
hensive utilization« 

,-,-We must thoroughly practice the method of "walking.on■•. 
two legs}" that;.IS: to say, we -must rely on the strength 
of-the.mass©s>ahd the ccmmunes and combine this strength 
with appropriate help from the.-stat.e« ••■. We must -combine 
large'projects with mediunr and small projects $ we must 
combine measures -for conservation: with measures for drain- 
ages, we-must combine measures for unearthing of existing 
engineering potentials with measures for new engineering 
projects; we must combine permanent projects with tempor- 
ary projects; we must combine the utilization of water 
above the ground with the utilization of water under- 
ground; and we must combine,native methods with foreign 
methods^ , :,,,.-•: ..■-.■■■....' .,; .■•'-' 
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(4) We must fully Implement the policy,of achieving 
quantity, speed, quality» and economy in water conserva- 
tion construction« Just as in other items of capital con- 
struction, a long range, view must-be taken in the develop- 
ment of water conservation projectSö Quality must come 
first. The guiding principle must consist of the over- 
all implementation of the» policy of achieving quantity, 
speed, quality and economy0 

It is not correct merely to seek quantity and speed 
to the neglect of quality and economy. Nor it is correct 
merely tö seek quality and economy to the neglect of 
quantity and speed* Such thinking and methods place ex- 
cessive emphasis oil one side and overlook the other side. 

Accordingly, in our actual work we must stress both 
consolidation asd development,, both quantity and quality, 
and both construction and management and maintenance» We 
must particularly Implement, the principle of "dealing with 
projects to last a huridred years where quality Is the 
first consideration," in the handling of the medium and 
large projects and the larger reserveirs„ ' 

We must strictly observe the procedure laid down in 
plans and in technical work rules« We must persist in . 
the system of inspection and examination before delivery. 
We must carry out water conservation construction with the 
guaranteeing of both quality and quantity0 

During the past tert years, our achievements In water 
conservation construction have been gigantic» Of course, 
because of our lack of experience and the inadequacy of 
our technical force, we faced unavoidable defects and pro- 
blems in the course of our actual work. For example, some 
local plans set forth targets which were excessively high 
and the quality of some engineering projects were a little 
inferior. These are problems in the midst of progress. 
The comparison of these problems to the achievements in 
water conservation construction is merely like the com- 
parison of ten fingers to one finger» 

••-. Nevertheless, we have adopted the attitude of seeking 
actively the correction of these problems» Some"have been 
corrected; some are being correctedj and, in the future, all 
will surely be corrected. 
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..  However, the province had In the past a weak foundation 
in water- eons elation* and. the. area under irrigation was 
small» The harnessing of .the large 'rivers'has only Just 
started,- and-the riöh" water resources of the -province: are 
not yet fully utilized«. The existing %ettfer: conservancy .-. 
measures are from adequate' to mull if f  the'threats presented 
to agricultural production by floods and-droughts.  -,... 

Hor are they^adaquate to eppe with the demands of the 
overfall development ih.agricultures-forestry;vanlmal..;r;-;-v 
husbandry^ sideline production, and'fishing'following-rths 
cpmmunaiizatlon of the province« In a word* we have not'- 
yet:negotiateä the hurdle» ,     . , 

It is therefore necessary that we graspths: present/: . 
opportunity} and: continue' our' efforts to! bring; about an 
even greater upsurge in.' tfat^r. conservancy construe t-Xan .-• 
during -thecurrent winter/and. the cb'mlhg springi, .This:-. 
is the ^demand of' tihe'-big'ljsap' forward* in agricultural pro* 
duction.. '.-It; is. the aspiration, of the broad masses:•of-the 
tpe'ople,■;:■•; ;:: .■;■ .■^;;;\^-^\r'-^:i'.'V '. .'. ;::.i; ,'' ;: .'. "ryy'i\-  ''■•;'.\';.* 

■■■: The' present' 's'ituatioii.fs^mbs.^^favorable to our efforts 
to vigorously develop water bouservation-i ^he .resolu-; .?. 
tion of the Eighth Plenum of the Eighth Central Committee 
of the Party-and,the gc^iaral line have roused the fighting 
spirit of sthe. ""people /.oC'thd whole .country0 ;-: »+ :■ 

. ■:■'■■■,;New-iUPSurges - in./theV.möVement. for production ■ increase; 
and-.'construction!enierprisear have- emerged in'large, numi- 

■;bers.•. .^After--the..!overhau2.ing;and consolidation.' of: the , 
people's communes,' the a'ctivi'sm of the ■masses for produc- 
tion has risen higher8 and their power for the conquest 
of"nature and.the; achievement%pf greater bumper harvests 
in agriculture has .grown larger' and largeri--  Their .enthu- 

•'siasm' for the: vigorous:.'development of -water 'conservation 
projects .has grown stronger and stronger» '■• -All -these are 
"favorable factors' for ä;new upsurge ih; water- oons;'erya,t.ion 
construction in our province<,;" ;        - >• ":^-";" 

; :.'■ All -we have , to do' is to' strengthen 'the • leadership.-o£ 
the Party; develop vigorously the mass: movement;, properly 

■ -summarize and popularizei .the experiences in water conser- 
vation construotich; and . e^ruestly; implement the .policies 
of the combination of the;largej'medium»and small prpr 
jects and of "major attention to the three key problems. 
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In accordance with the-conditions reXatins^to manpower, 
material resources > and financial,resourcea in on^ Pro- 
vince* we must at the moment- pay major atJ?rxt

n
ion^TS

m^ium 

arid small water conservation projects, actively prepare 
for large projects, and implement thoroughly the policy of 
walking on two legs* 

It is,  therefore, «lot only necessary but also entirely 
üossible for us to bri&g about a new upsurge in water 
conservation const^öipri during the coming winter and 
next spring. 

The nreliminary arrangements for water conservation 
ooWtJitotSn toSs the coming winter and next spring are 
as follows:    In th! whole province,  irrigated area is to 
be increased by between 10 million and x5 million mou, 
bringing ?he total area of ||flg*ted land, next T***^ 
oetwfen 25 million arid 30 million mou  (with from eight 
million to 10 million mou of Daddy fields), or from 25 
to 30 percent of all cultivated* UjSft <f Jf ^oHubic 
This calls for the completion of about 300 millioncubic 
meters of earth and stone work, a very floriou* andJ^^ 
cult task.    This is the continued leap forward in watei« 
conservation construction«. 

In order to victoriously fulfill tblj «dssion, we _ 
must penetratingly study,and  implement the spirit of the 
Fiffhth Plenum of the Eighth Central Committee of the 
art*.    ThroSgh this we Ihall overcome rightist^ feelings. 
Äl SU to exert Jhe utmost effort, .develop 
vigorously the mass movement,  and rationally deploy laoor 

' 'power*' ; ~:": '-...•' 
we shall organize specialized work forces.    We shall 

orinize soclIliSt coop^ätlon and mutual support        . 
SSder the principle of mutual assistance and mutual bene- 
fits with the sharing of rational responsibilities*    ^e 
shall grasp tightly the measures for surveying and plan- 
nlS. Ind for the preparation of material supplies.    We 
shall Sn1er?ake vigorously the reform oj.^g.^"^ 
shall,  especially, undertake properly the prep orations 
for work to be started In the wintere    rflth all these 
measures ll shall greet the greater ™&^t%?£w 

conservation construction during the coming winter ana 
. next spring*     ■ 
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EXPANSION OF EARTH DAM TECHNIQUES 
IN CHINA DURING'THE LAST TEN YEARS 

[This, is an excerpt of ,ah article prepared by KU Chin- 
ch fen, appearing in Shui-iiShui-tien Chien^ahe, ;No;.l8, •. 
26 September 1959» pages .32* ,33» and 41 „] 

"" ' During'"the past ten years j, and particularly with the 
big leap. forwa>d; of 195.8» earth dam Cöhstrüetiöh tech** 
niques in our, country saw great development: MohgVwitih 
the leaping progress in water conservancy and hydroelectric 
construction. Major earth dams constructed or under: con- 
struction include the following* 

''•• Shihrman-t*an, Pan-chiaoj Pai-sha, Po-shan, Nan-wani" 
Euah^t'ingj.. Ta-hub^fangp the dams on the two banks of 
Tan-chi-ang-k;ou» and .the, .Grade- I [dams] at I-l-iHo» :M1-.; 
.yüja, Kang-nan, and: Che-tin. Medium and small dams'con- 
structed in different localities-number tens ...of thousands. 

With the accumulation of experience in dam construer 
tion, the height of .earth dams, has increased annually. 
The wo2*k volume has increased annually* Larger earths .., 
dams constructed before 1955 are shown in the following 
„table with their heights and the volunle of englneörlng:; 
works.  '""" ; "•'i — ......... _....  

Engineering Project Typ;e of dam : Height^ Engineering 
(meters) -work volume, 

(unit 10,000 
 - •■ -  cubic meters) 

-Shih*man-ivan Reservoir earth dam 

Pan-chiäö Reservoir  ~ earth dam 

Pai-sha Reservoir earth dam 

Po-Shah Reservoir ■..  •■■ earth dam 

25 80 

2.7   :480 

47.-: r-     500. 

^40 -.:- - 1 250 
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Table continued*- 

Nan-wan Reservoir        ......   earth dam        35 340 

Kuah-t4ng Reservoir darth :dai       45 100 

: ., ;i ."',;.-'  ■  i  '. ''        ' ' '    i  i'  i iii 

The heights and engineering work volumes,of larger 
earth däfesöonstfüöte! from 1955 thru.1958 are given in 
.the following table: 

«jype Engineering work 
EruxineerinR'       ^ " of '  "Height   volume (10,000 

I™iSt din   (meters)  cubic meters) Project 

■Ta-huo-fang Reservoir Jrearth'd*am' 48 780 

Shih-san-ling Reservoir " ." . 5° 18° 

Ming-shan Reservoir    "   "   32.5      90 

The heights and engineering work volumes of large 
sized earth dams now under construction are given in the 
following table: 

Engineering work 
... . Type of Height volume (10,000 

Engineering Project      dam (meters) cubic meters) 

Kang-nan Reservoir    earth dam 59 1,000 

I-li Ho Hydro-ElectriC       |f „  ' 
Power Station   ,            ÖU^ ,J,y ..■•■• 

Sung-tao Reservoir 
it  ?g        450 
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Table continued-- 

'Tan-chiang-k'ou" *'•■ "• ' 
* Reservoir~ {two   -* -•• — ~-~ *• 
banks.)      ..,.-.■■ , ■...?■ ■*&$]?■ ^..-u T5 .800 

Che-lin Reservoir 66 550 

Mi-yun Reservoir , & ... 2*000 

Chang-shu-kang Reservoir "   " . 55 .... . 500 

Wang-k'uai Reservoir    "   ° ■48 600 

"Tung-feng Reservoir   ■-• " - ■-"-■ • 52 210  

Chlng^hO Reservoir*, ,..*; .■"„:.  " , .. Y&.\ TOO 

"Chao~pihg Reservoir  •.,■34.:/ .-••-■•640' ■ •• ' 

. -.Under, planning are the Ou ch lang earth dam*-135 
meters high with an engineering work volmue of. 20 mil- 
lion cubic-meters and- the-Sha-ehien-tzu dam .of.mixed...... 
earth and stone, 120 meters high with an engineering 
work volume of 10 million cubic; meters«     !,'•.. .... 

With the Improvement Of danf construction techniques, 
the method of dam building has also, undergone, reform. 
Since 1957, the method of pouring, earth into t£« -w;W" 
has been used in the construction of many earth -darts«, • 
Up to the present, 51 earth dams of a geltfjt °f 15*e

a
terB 

and above, and 32 earth dams of a height o^ 25 meters 
and above have been constructed; by this method, 

- Successful experiments have also been carried out.in 
the use of the method of guided explosion In dam con- 
struction* The mixed earth and stone Jam at Tung-ts un- 
k'ou:in Hopeh has been constructed with the, use of this 
method,«-  -r:. ,.'•..■;■■■•• . ;■ 

• •Malor earth 'dam projects, using the method ^of pouring 
earth intothe.water (either.completed or.under con- - 

. struct ion );iare given In the following tableV • r -;,' ;;. 
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Engineering project 
Type  Height 

of dam (meters) 

Work volume 
(10,000 

cubic meters) 

Huang-pi-chuang Reservoir earth dam 24 

Pen Ho Reservoir "   " 60 

Hsi-yihg Reservoir "   " 44 

^eh-ch*eng Reservoir1 "   " 37 

Kuan Ho Reservoir "   " 32,9 

400 

450 

300 

lipOO 

135 
■i.....,h. 

Dams constructed or planned with the Use of the 
guided explosion method are given in the following tablei 

Engineering 
project 

Tung-s'un-fc'ou 
Reservoir 

Shuang-chiang- 
k'ou Reservoir 

Type of 
dam 

mixed 
earth 

and stone 

mixed 
earth and 

stone 

Height 
(meters) 

29 

14 

Ma-chin-tung     mixed 
Reservoir    earth and stone 42 

Work volume 
(10,000 

cubic meters) 

10 

2.4 

30 

In 1957,: in the construction of the large embankment 
of the Huai Ho at Shou Haien, the method of dam cons- 
truction with hydraulic power was carried out as an 
experimento .The results were very good and much data 
were acquired. In the construction of the.Ta-lai earth 
dam in Heilungkiang and the Ta-shan earth dam in Kirin, 
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the hydraulic method will be used; and designing«or* 
is now being, carried, out. . ,For the ;0hu Ho earth darn^ln 
ShaSal, a'cfmbinatlon. of ^m^f^^^^i r»ourini-earth-lnto*the water .methods .is being.;usea. . a 
previous experiment on this combined method has been 
8UCCe&;3fUl«,       ; r-   '-■■ ';•.•.*•:••■■     ---.v«;'^' 

• Turing the past. ten .'years, Ä de^lg^lft£ :*nd vork . 
technlquls^or earth dams ^o^Ji^ri^f^J^ 
^U^improved through actual ^«*^*V:..Pr,"*ä^«^£f •nee in technique has. been gummed up,: and raised+to the 
ievel of scientific: theory.    The theory.haspln turn been 
uled to guide practice, ..This, is of. ^^signlfl^ance 
in the development of water conservation and hydro elec- 
tric. :eenstruct ion in o^^^ country<> 
C   'We describe: h^ •country in:the Resigning;of earth 4ame and inwork tech- 
.niques. •—\: ■;;.■■ v.-  ;      .vV.i;  ,,,:   ;■.■■<.. ---i •■■.;«,-    •-•■»'■■■■ ■■'■-' ;; '. 

I.  'Selection of Constructton Materials and Selection ■ 
■ Of Diam-Sltes  ;:   .....■■,. ■.::;^. y.■„.'.* ■:.•:■   -;■••.'.: ...,•■•..:••   ■■:•■■'■ 

..     During the early stage, of /the f^^^fäv^^ 
the-earth dams constructed used mostly clay ö£ even 

. £al»£-  TmvU. :^e. the W39s40f ÄiPan-=|laOfe^th 
dam and the Pai-sha earth dam«    A dam with clay 01  even 
aSality uses a single kind of earth material and has the 

,adS^tage ^simplicity ,*V°^T^^lJwS5J# 
But the.reslstance power of clay is, lowe^? and the sta 
hiiitypf. the .slopes is inferior* .-.■•-   •_, 

. .     In soW areas.the .clay.has ä,high!water cohten^hd 
its stickiness cannot be easily »^»Mv*1* J£ll*5f. '■ 
processes are not carried to the required degree of 
fineness or if the slopes are too steep—thus xeaaing 

. to Se !oss. £f *h. clay-fissures may ^f,^6^ 
•dam;  or.the top of the dam may. shrink and fissures also 
result. ■■■■_.:■•'■, .■-.■., 

• Moreover, work with clay- is. difficult in areas with 

., & iJAA outer Xayere of the U. «ere 
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constructed with sand and gravel substances. Only when 
supplies of sand and gravel were,lacking at the dam sites 
would clay.of even quality be used. ; 

In some dam sites where sand and gravel were lacking, 
but where conditions Were permitted the use of stone  _ 
materials, construction was carried out with mixed earth 
and stone* With the core Wall constructed with clay of 
even quality and the ouier layers constructed with pebbles. 
Thiö technique, has been adopted for many medium ei™. - 
damö in Höhäh arid %$hgtuhg0 The method will be used in 
the recently plahhed iSha-chien^tau dam« 

Some afreäs have constructed dams with clay having a. 
läi>ge gr'avel content (the, gravel content reaching up to 
80 percent). Such ea>ih has been produced from silt 
accumulated on slopes and froia floods; it does not lump 
and is easier to acquire and to use in construct ion* .^it 
is also less affected by rain; its resistance power IS 
higher; and steeper slopes may therefore be constructed* 

Such earth is used for construction in the earth dam 
of I-li Ho. The same earth has been used for the core 
wall, but pebbles larger than six millimeters must be 
removed so that the sticky components will be more than 
15 percento Also, the gravel content is restricted to 
less than 50 percent« These measures guarantee the core 
wall's resistance against leakage«, ; 

In recent construction of earth dams the clay^sloping 
wall dam has been mostly adopted. The construction of 
the clay slope does not interfere with the construction of 
the gravel core of the dam. In the rainy season, con- 
struction of the gravel portion can be suspended and rush 
efforts made in the dry season. 

In the case of the I~li Ho earth dam it was+necessary 
to carry out the construction of the dam simultaneously 
with the conservation of water. If the sloping-wall type 
were adopted a long period would be needed for the piling 
of the dam foundations at the upper reaches of the river 
and water construction could not be carried out. Tue ^ 
clay slope of the dam at the base of the dwuuust be very 
strong, and its construction cannot be quickly aone. 
Water^conservation would, therefore, be further affected. 
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Furthermore the alluviuin at the "base of .'the dap at the 
upper reaches Was more than. 30^p^'rlce.tit .XAwer .tfeah the 
alluvium at the base of the core wall, and much addi- 
tional, work, on concrete .piling;would have, been required. 
The core-wail type was,thereforei adopted.''.'.'.,... 

At the base of the lower reaches of the slope, .there 
. was - added. a temporary slope of a very t'hin layer of clay 
;over a distance of 40 meters, Thisi enabled construction 
and Water conservation to, be undertaken simultaneously. 

'":y  ■' - ■ • • .  . ... t. ■   .-      .'■■■.■       "<■/•, 

Earth dam construction techniques are developing in 
the direction of simplification of construction work* 
high ;speed, use of"limited equipment,. reduction of labor 
power to the minisium, and reduction of construction costöi 

. • In the .rolling type o£data . [öbnsirüc.tiön 3 : a .uniform kind 
of earth with gravel pebbles should, be' used .'as, m^uch as 

;. possible»-, Construction work -using such material does not 
suffer much ,from the effecJ^a of -rain and resistance power 
is strong* • Large sized rollingfmächines (40 to.60 tons) 

:■ should be.used* ■■'•' '■;/■''-■:■'/]■"-,:,;■  ,'-..•■ '.'■; -' ;\ •.  :.'<;■': 

The rolling operation Is.shortened, progress is rapid, 
and the dryness of the earth can be increased,to a very 
great extent, Thus the resistance power of ,the earth is 
raised and--the dam slope may Tpe ,as : steep as' possible', 

. greatly reducing the wprk volume«.,'"...': 

. Pebbles which .contain only small; portion, of sticky 
grains and dust may have smaller leakage coefficients after 
rolling by large machines and it may be possible to dis- 
pense with the use of an=anti-leakage core wall or slope 
wall. •■ -.:•-., .■.■.;--■■'      ;;      '•■'■ ;•■'. 

If the, anti-leakage.wall is needed, we,may as. far as 
possible adopt the narrow core wall or thin slope. Wall. 
In the use of the slope wall especially, this.is desi- 
rable since construction work is subject to less inter- 
ference. ■ .,.._ 

•■ •:. At a dam site lacking pebble supplies we may, adopt the 
mixed.earth and stone dam with a core wall of a, plas.tic 
type, constructed with cobplestones. Such 4, dam! oah; have 
a very steep slope and great economy'dan be effected. 
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Using local, building supplies :thls type was adopted 
in recent years by various countries in the construction 
of dams of more than 100 meters high.   ; 

The method of guided explosion in dam construction has 
an extensive future, The itse of "explosive energy' for 
the placing of stone materials into position replaces 
transportation. The use of "piling- energy" replaces 
rolling operations* WeMre. thus rid of heavy physical 
exertion;. The proper 4lüdy and improvement of explosion 
techniques and anti-leakage measures will -promote a 
gfceat development of the method of guided explosion lii 
dam construction. 

The hydraulic method of dam construction simplifies 
the transportation of supplies and eliminates the work of 
transportation otfer the top of the dam and rolling.: 
The utilization of water power'.to separate the coarse and 
fine grains of earth for placement in the outer slopes 
and the core wall respectively provides a rational dam 
surface and at the same time relieves people of heavy 
physical exertion. This type of dam construction method 
has an extensive future on the rivers of the plains. 

At present it cannot be universally popularized be- 
cause we lack power dredgers and mud transmission steel 
pipes. But, the construction of dams with the use of 
semi-hydraulic power does not call for very elaborate 
equipment. It likewise eliminates transport and rolling 
operations on the top of the dam, and properly sepa- 
rates coarse and fine grains. This method is worth po- 
pularizing today. 

Our country has an extensive area. We have innumer- 
able medium and small water conservation and hydroelectric 
engineering projects. The dam construction method of 
pouring water into the earth is suited to medium and small 
engineering projects utilizing mass labor. Though it 
calls for an extensive labor force, it uses little equip- 
ment and is easily accepted by the masses. It is also a 
dam construction method capable of future development. 

Water retention cisterns are still good anti-leakage 
structures for use at the bases of dams where alluvium 
is not very deep. If the alluvium is too deep, we may 
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use a water retention wall constructed of continuous 
ooncrete pillars or a concrete water retention wall 
which is rectangular in shape« The piling of a con- 
crete screen is an even better method. 

But our research efforts in the future should be directed 
toward the improvement of drilling and piling techniques 
so that the walls will hot collapse, the number of steel 
pipes will be reduced, and speed will be accelerated. 

The great Chinese Communist Party and the superior 
socialist system have bestowed perfect conditions on the 
people of the whole country for the full development of 
work activism and creativeness, and, at the same time* 
opened an extensive future for the water conservation and 
hydroelectric enterprises of our country. Through con- 
tlnous practice and the summing up of experiences, our 
dam construction techniques will be continually improved. 
In step with the leap forward of the whole national eco- 
nomy, water conservation and hydroelectric construction 
in our country will march toward the stage of new de- 
velopment. 

END 
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