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A STUDY OF 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 appesrlng in Shul-li Shui-tlen Chien-she,
(Water Conservancy bnd Hydrbelectric Conetruction), No'
17, 11 September 19599 p&ses 7n13°] -

Our obdntry has been undergoing rehabilitation for ten
years! During these last ten years we have attained a
great levél ¢f adeomplishment in the plannihg and cons-
truction of high damg, -We- owe sueh. accomplishment to the
undéviating guldance of our Party, to the ehthusiastid
assistance of experts from the U.S.5.R., and to the un< ..
relenting efforts made by the workers who were eng&ged 1n"
irrigation and hydro-electric power work, _

Among those dems on which planning has been developed :
and construction has been gotten underway,; there are
several vitally lmportant ones. They are the gravity.
dams on the Hsln-an Chlang and at Liu-chia-hsla; the
buttress dams at Pal Shan, Huan-jen and Hsin-feng Chiang;
the grch dams at Hsiang-hunetien and Liu Ch'i Ho; and the
earth £111 dams at Mao-c¢hi-ts‘un and Sung~t'uo). The .
heights of these dams.are over .70 to 80 meters, and some
of themw are even above 100 metersn_‘z e ST

Despite the fact that we haven t much praotice in the
building of rock £111 ‘dams, We have constructed one located
at Shih-tzu-t'an. Its height is about 50 meters, Through
the stages of planning, constructlon and operation of
various types of dams, ths experience we have accumulated
are extensive and invaluable, .

Inasmuch as we are still planning and will continue to
plan dam projects cf 7C.tc 80 meters and even over 100
meters in height, we must study the unsurpassable ways
that have been used to select the appropriate types in the
past. Such research work is a task of paramount impor-
tance.




In celebrating the Tenth Anniversary of the People's
Republic of China, this artlcle discusses the baslc
achievement and practice in the selection of dam types.
*durihg the last decade. - Emphasis.ils placed- on: the. high
damwp?djects..¢WAth;reggrd-to’the-future*tfepdg@f’dam'g

- types to’ be constructed in our country, ‘soie’ suggestions
are. based.on the aspects. ¢f their safety and economy, as
welljasgbnﬁthentypes.Qfﬂdams constructed ‘elsewhere in the
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4. Ouf Malh Accomplishments in the Selection of Dam'
Types for High Dam Pivot ProjJects e o
'ﬁfﬁ%éﬁﬁicéii?iéPéékiﬁéé_ﬁhéfméjér features ‘in the ‘selec~

tion of .our dam types-may be summarized as follows: =~
‘f;;.Tne_typég-wg;nameqseleeted=are:variéd£~'Acdordiﬁg,
to ‘incomplete statistics from recent years, the number
of dams which are in planning or constructlion stages ls
24,“'They,areugllgaboveﬂzs-meterSwhigh*(in@Iﬁﬁing;thbse=;
on whiéh{cOhggruption;has'heenvunderﬁwayffdr'affairlﬁl_j,
1ongi$1pe?and';hose;projegts<'hich~haVé?beengpn;y'fupda?"m
meptally. approved)s « - o vlioc S0 T e LT
‘”‘AmongztheséaEQ.dams,.the;number'df”gréﬁity'dams'isf';:
‘fithg, ‘arch dsms -five, buttress:dams 81x; rock fill one -
ard ‘earth.fill ithree, -~ Sous.of these have already reached
the' operating. stage,: The summarlzed results ou the per=

formance,in'bheaopenatian;show“thatﬂmdst*Of the selected
typed are sultable. Repeated discussions and “investi~"
gations during the planning or construction perlod of .
the others have aiso verifled that generally they were . -
appropriately selected.: . ...~ =% - T 0

;JGOﬁrﬁQOnntryicdvars-augreat area~an&}includéé_pompllb._
: catéd,iaﬁlations;;ngthe~gpﬁditions%provided by the nature,
' Tne | selection of dan 4ypes should be principally based on
the physlcal-and natural characteristiss of the dam sltes.
. Not. only have we fitted our plans to the geograpnical =

~ X .

‘characteristics of. the losallty concerned; butb also our
plans have. proceeded in sccordance with the climatie
conditions of the seasons. ~Our work during the selection

period 1s, ther‘fore,;recagnized'asﬂof%baslb“Valqeftowardf
the:§q1flllment,ofqthe'fundamental‘prin@ipleag e




2. There has béen a great development in buttress type
dams: Many indications show that they have reached the
same level .as that of the advanced natlons. - Some gravity
counter-fort types constitute a relatively common class
among our high dams. Among.these, some are completed
whilé others are still under construction. ' The dams
located on the Hsln-feng Ghiang; et Huan-jen and on the
Che Ch'i all belong to this category. They are over 100
meters high., 3But the height of another dam, that at Mo~
tzu~t'an is only 80 usterd, =~ |

Besides these dams, a multiple-arch ong has been con-..
strudted at Mei Shan. Its Helght of 88,24 meters ls un- -
usual even in foréign countries, Through the construc-
tion and operatidn of this multiple~arach type we have = ..
galned in our knowledge of its merits as well its draw«.!:
backs. = . L C

3, The open-slot type of gravity dau has been adopted
as a substitute for the regular gravliy type:. The 105
meter dam on the Hsin-an Chiang, the 110 meter dam at
Tan-chiang-k'ou, the.140 meter dam at Liu-chia-hsla and
the 165 meter cross-river-channel dam of the Pal Shan .
hydro-electric power plant are all open~-slot gravity dams.
So far as the guiding of the dlscharge and the passing of
flood water are concerned, thils open-slot type has the
some merits as the regular one. As for economy, the con=
crete used can be reduced,by_approximately‘10 percent in
the open-slot type. - . ' ' : S

4, .There has been a special development in projects
involving overflow dams: When the dam site is lma . . .
narrow canyon or when the stream cszpacity is very greal,
there can be many difficulties encountered in the problem
of overflow or in the method of arranging a pivot system.
The 1ight type of overflow dam or a combination type con=
sisting of an overflow dem with a powerhouse has been
adopted 4o solve such problems. For instance, the 78 meter
dam on the Liu-ch®i Ho passes the overflow over 1its top
and carries it away through bucket,[canals.op 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 dam}
has been satisfactorily cperated ever since it was com-
pletely. ' ' C o




The dams.of the power -stations eocated on the Hsin-an

Chlang, the -Chlen ch'1l and in Chao=-p' ing are all above

100 meters high, Flood:'waters flow over the tops of the
powerhouses, Thelr overflow capacity 1s above 10,000
cublc~-meters per second, whille that of France's largest
dam, Chastang, has an ove"flow oapaoity of only 4,000
cublic~meters per second. L

The buttress dams in uan~Jen-hsieng on the Hsin-feng
Chiang and on the Che Ch'i also permit fiood waters to
pass over the tops of the dams. Thelr cverflow capaeity
per unit of width is relatively large.. This 18 edpecially
true of the Huanmjen-hsien dam, which has an bverflow
capacity per unit of width of 60 cublc-metérs per second. -
Such a record has not thue fer been seen 1n any other L
country;

31nce We have adopted Various types of dams, we have
accumulated, s8tép by step, varied experience through the .
planning of projects, the construction work and finally
the ¢peration, And, we have trained wmany teams to do -
surveying, designing, constructing and sclentific study
taske, These experiences and these tesms will contribute
to future progress in the bu;ldlng of dams.

B. Basiec Experiences in %the Selection Work of Our Dam
Types

 Through several years of,praotice,‘our"country“heeYLv
gained~very muoh experience in selecting:dam'types. ‘

19 Baqic informat;on 18 well prepareda Re]iable
founda*ions underlie our seiectlon of dam types: This is -
reslly a princilpal experienoe of great importance, Such
experlence, however, was oniy obtained by learning through
errors. For instance; 1n one location; only by basing our
decision on superficlal topographic characteristlcs and
a few abstract assumptions of 1ty suveriority over others
did we decide to use it as a site for an arch dame

In fact the geoLogical data affecting the dam founda-
tlion and’ the base areas for the abutmenis 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 result, the project as well as
the construction work was-compelled to come to a passive . -
halt, B S - - ‘ S

Another instance occurred when some.designers recom-
mended ‘a_ project of erecting a rock fill dam with slab :
cores. - But. the .quallty and  the :quantity of the slabs
were mot. thoroughly investigated. ‘Some. people elected -
to make uge of materials avallable ngar the site, ‘But. ' .
they werg ‘prompted tco much by thelp .own wishful ‘thinking .-
about the specified materials, and not by an adequaté: - -
analysis of the possible supplies. 'As a result, thess
dams were not as 8trong as we planned and a serious-situ-

ation subsequently arose during the flood season. -

‘In some cases, 1t was apparent that sultable materials
were avallable nesr the locality concerned but careless
explorers reporied that they were nct.. Consequently,’ .
the gselection of .thée dam type was affected when ‘compari-

8ot betwesn the different projects was made. .

Therefore, all eﬁudiesﬁaﬁdia11¢éompafisdﬁs7ééhfbe madé‘
accurate only if the basic information on which they - -
are based 1is accurate and reliasble,

2. Natural data at the dam sitee are fully considered:
The advantage of & ceértain type of dam can be maxlmlized
and its dilsadvantage car be minimized if the selectlion of
the dan type 1s based on the geolcgle, tobographilc, hydro-
loglc and. climatic conditions of the dam site. For in-
stanse, the advantage of an arch'dag cen be fully developed

in respect of. its safety and stability, oniy if its width

“1g° in-an appropriate proportion to.lts helght and its -
'7gedldgioalicondit;ons arefsufficientlyzfavorgble;:v'

- * Again, 1f the dam location 1g in a narrow gorge and -
the cepacity of the stream is tremendous, the weakness
of the light type of dam o the dam built of local mate=
"rials.will be immediately brought to light., 'The cruclal
point. is connected with guiding the:stream and discharg-

ing flood waters. | | R

' Conditlons of eXtrems cold 5d*érélif%ffé¢ffdams;;f .

particularly the thin buttreess type. IR PETe -
| 5




Opinions are often at great variance on these problema
during the study of a baslc project. 'When the strength
and size of a dam foundation coues up for diaoussion. it
might be discuased. ‘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 little. In this way, the different views can
be made more unanimous. However, disagreement always
arises when the real value of a given site comes up for

appraisal.

Therefbre, in the study of dam problemsp a correct

- concluslon can be reached only through a.thoroughful. com-:

parative study. Not only should tha dam 8ite be con= . :
sidered during selection of the type 6f dait, but also
conslderation shouid be given to the type before the
selection is madeq- ‘A more rétlonal pFOJGct can. thus be
obtaihed. - .'“,. -

3. The dam types are studied, starting with the con-
ditions needed for the entire pivot arrangement: Because
the pivot arrangement 1s closely related to. the topography,
geology and hydrology of the locality.concerned, these
several ltems should be conslidered 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 solutlon of the problem of how.
to handle the overflow would be quite difficultu .

. However, 1f there s a auitable 5ap 1n the vieinlty_of
the dam site, which could BHe 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, cement and explosives)required for con= .
struction would add to the cost. Probably, the costs of
the added iltems could not be off set by the eavinge rea=-
lized on the dam 1tself, -

~If a dam built of lonally obtained material 1s decided
upon, the arrangement for 1lnstallaticn of it power.unlt
wlll 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° ‘ S

The problem of navigation also sometimes affeots the il
selection of the type of dam. o . - :
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. 4, The conditions :requlred for the ‘consdtructionof * =
various.:types of :dams must b thoroughly studled so that -
the construction of. any selected type-tan be realized?
In making studles to elegt a:bertaln type of daim, the con-

ditlons which determine the feasibility of the project:
should be fully considered.  The' manner of guiding the
streamflow, ‘the rapldilty of the construction process, the '
arrangement. of:the ares slated for coristruction work, the-
materials used, the labor required, the way of supplying -
the equipment necesssry for constirucilon and the water level
during construction are sll main features. They are also
main factors: which determiue the realization of the Trequlre-
ments. 8tipulated. in the pléaning of a certain type of the -
dam, These faectors should not be overlooked., ~~~ "

5. Under fevorable conditions; preference 1 given to
dams built with locally avsilable materlalsy Based upon °
s sound technical basis, attentlon should be pald to’'the °
economy of using elther steel, ecment or other materials.
This . should ‘be a pertansnt rulé Pér those who are engaged
in irrigetion and nydro-eleétric’ power: work to ablide by. -

In. view of: the faect, that the natlon-wide 'basic' recon~: -
struction:at present is so.swiftly expanding that-the " -
materials -for construction -purposes are not produced as - -
rapidly enough to meef the dememd, it 1s of great slgnl- -~
ficance that dams be built with local'regsources. In
eddition, someé:.other impouteant reagons for the -adoption of
building dams with locally avallable material are as .
follows e »imim = sl o SR S SR P ‘.‘ LT

(a) Golossal :concrete ddms need many -hundred-thousand '
tons of .cement:shivped frou‘areas removed from the dam - -
locations. - ‘This adds ‘a.serious burden to ‘trensportation - -
faeilities.'xTheapresenﬁ=€dnstruationhW6rk~dﬁfthe trunk

linQSyafvnewxrailway@aiausa‘OVérwhelming*that*itjis~1m-*“ ‘
practlecable to build ‘@ special road for the éxclusive use -
of hydro~electrlic statlons. Transportation of materials’

by trucks doss not always satisfactorlly meet the construc-
tion meedBe | e Lo Lo Tor el TR i

- {p) “In-our vast country, many reglons podsess soie good
locations for building hydro-electric plants, ‘but -good
materials which can be ised .as .aggregates ‘with :the con~- """
crete are not avallable because of the special character-
istics of the: rocks .in those areas. /(For: lnsténce;’ some

7.‘:




r".":.’.- ) : v
plecee in southwest china have only. 1imestone 1n abundance).
But, the difficulty in obtaining the necessary construc= -
tion materials can, be overcome'only by oonetructing deme
with. locally availeble material. '1  " A

Xc) in. eome plecee, the conditions of the hydrolos.c
resources are favorable: but the geology of the foundation
1s not eetiefactory enOush to erect concrete dems. R

T .

(d) Although we have aecumuleted certein experiences 1n
the planning and buillding of high concreté dams; we heven 't
enough practice in;the dedign and construction of high"
dams bullt of locally ‘available materials:(especially rock
£111-dams),. For the sake of future development, we muet '
try to gain experience in bullding deme of thie eort.

For the reasons mentioned above and so- long as the con—
ditions are favorable, ‘4t ‘will be preferably: if we con- -
struct dams from locally avallable meterials even-if the
coats are a- little higher. ' _

6. " ew typee of dams ere progreseively end carefully
studled: and adopted: We have.displayed great. performance
in this respeot. The dam- at 8hang~yu-heien which includes
a poWwerhouse and the dam at Hsin-an-chiang which allows
overflow caused by floodling to spill over the top are, in
a sense, new types, We use four words: numereus; rapid,
good and économical as principles to gulde the building
of our irrigation and hydro-electric plants: -We should
collect all relavent facts from all the dam locations ‘as
references. in order to proceed with our etudy and to oreate'
new types of dams. . .

The ebove-mentioned oointe merely represent oy pereonal
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 glven corroborative
evidence that the several points of experience noted under=
lie great guidance for the future eelection of dem typee. o

C. Safety end Economy of Varioue Dam Typee'

During the last two years, a varlety of opinions have
~entered into the discusslon ebout the trend of future

8




development of dam types to be-utilized in our country.
This questlon represents a funddmental understanding which-
will greatly influence pur ability:-¢f deciding on the
specific types of dams to be; donstructed., I, therefore,
have proceeded to study the tfénd:-of future development.
Thls study 1s based on my Peraonil views and starts with
a disduasion of the advantages as well as the disadvantages
of the varlous types of dams with respect to their safety
and economy., = - LT L

‘1. The matter of economy: The matter of economy is
refletted firdt by the cost of erecting a dam. The unit
coats 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 instance, mechanized equipment is utilized
in the constructlon work and therefore, they like to - - .
erect large-sized dams in that country. The unit cost of
conatruction can be lowered despite the fact that the size
of the dam is increased. In terms of total cost, it 1s
8till economical. ST . -

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

A8 a result, an earth dam was then substituted for
the concrete one. The situation in some countries in
western Europe, like France, 1s 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
bullding an arch dam is generally 40 to 70 percent of that .
needed for bullding 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 construetion in some high dam
projects, they willl have to be revised during the process
of construction. SR o ST ,




.The_c¢ost of the dam proper alone does not fully repre-.
sent ‘the 'totdl cost, ‘The -lrifluence-of a dam type on the - .
pivot -arrangement 1t requires~should -be:taken-into, con-n\""
siderat;on.‘ A’ comparisor ‘8hould 'be’ made between the total:
cost ‘of.'the éntire pivot" and the cond&tiona required dur— S
ing its’ operatlon. e SR g Rt

The method of discharging flood waters and the arranse-*"
ment of a power-house structure are always maln factors:
which determine the’cost ‘of & odrtain type of dami . These
factors depend greatly upon ‘the toﬁosraphic and. geo;osio ”?
conditions,.  If, in ‘the vincinity ‘of the dam, a suitable . :,
place can be used to ereot & water ‘outlet atrucitube, the
problem of disposing ol flood: waters would rnot present .
an obstacle to constructing 1light type-of dams or. dama itu
huilt from 1locally available mater1a1¢ e

In the diversion ombankment type ot ‘R power station. o
the lgGation of the’ powefhouae 18 "alvways:unfavorable to -
the kind of"’ dam bullt of matenridls obtained from. local
sources. . But it ‘doesn't affect the-dam: untavorably if the
station 1s of a multiple-purpoee type. L ;,; 4

The speed with which varioua dam types can be built .
is another thing which should be considered in discussingef
costs;. for the more quickly a dam'can be bullt the sconer
it will satisfy the economical demands.of. the: people.ﬁ..;'~
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-wa-sang “arch'dam, and six:yeara to, bulld.Kuo-.chv
hsing-neng earth’ dams The ‘principles used for the cons= .
truction -of the dams in our country are: numerous, rapid,
sood and’ economical.h Fe ‘ S S E :

Economies 1n conatruction should be establiehed upon a
practicable’ ‘basls. “Besldes technical c¢onditions the mate—r
rials used for construction;. such as steel, cement. tim-:f*

“7ober and’ dynamite, ‘the preparatory arrangements. for con-"

struetion and the labor resourcea should be fully con- lrﬂ;
sidered, " : I

In summary, 1n weighing the economy or building a cer- .
tain type of: ‘dam, not only should the dam itself be con~
sidered, but it is 8lso necessary ‘to consider the struc- ..
tures . aesocieted with the dam. Thet 13. not only should

10




the cost of erecting a dam be consldered; it 1s 8l80 neces-
sary to consider the time required to build the dam to- -
gether with its assoclated: structures., 'In addition, 1t is
also necéssary to consider.the feasibility of a particular
type of dam from all points,-sich as techniques, materials,

equipment and’ labor:

Therefore; it is impogsible &nd not advisable to say
with certainty which type of the dam is most economical.
The only way of determining the hmost économlcal dam type . .
is to collect data on tHg natural conditions of the dam- .
site; rigqﬁé~but;the+practiéhbil;ty of supplylng construc- .
tion materials, eédulpment-for donstruction use and:labor;
then all the factors. must be condldered tdgether to deter-
mine the manner of arranging the pivot; and finally a =
thorough comparative study must. be made. Lo

- 2. Matter of sgfety:,<Bysali@b&&6;-thé,most impoktant
matter to be dlscussed 18 thb;{afjety..,oi‘ the dams, espe- .
clally. the high onési . The fallure of a high dam will '
beah & great Batastrophe for :the cltles and villages .
sitydted downstream from it. -Safety and economy are to
bermatched, but economy cannot take precedence over
safety. L ~ e e '

. Consideration of safety, however, should not be limit-.
less, It must be defined by a certain standard., This =
standard 1s determined by the amount of stimulus the dam
will have on the political economy. (1.e. if the dam = =
would be important to the economy expense should not be
spared.] (Two considerations are taken into account. ..

_ One 1s the purpose of building a specific dam with 1.’
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 1in
the event of dam.failure.) These two consideratlons de~
termine the cost, which is considered 1in terms of the .
stimulus the dam will provide for the economy. Such costs are
concretely refiected 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 1s always some
one who brings up the matter of overload for diseussion. -
Some even contended that some types of dam are strong

11




enough to withatand an alr raid while others were not. As
matter of fact, this 1s of no real significance in dls~
cuesing eefety from a purely technical point of view.

Ihe problem or rlood aleo comes up for diacussion‘~«ii'
Ueually in terms -of how big will a possible fldod:be? Or,
how big of an unexpected flood must bé withstood in order
that a dam can be regarded as. safi 1f.these queations
are not .answersd, it 1s alsgo mean ngleee 't6. say which dam
hae enough etrength te ree 4t & probable flood.

Therefore. 1n diecuseins the edfety ot a dem, 1£ Bhbuld
not be discussed beyond the :stipulated conditicns (those
stipulated in the project standards). ' For instance, if-
agcording 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
:qual strength egainet the flood, no matter whet type 1t
S. T g .

Aocording to the history ef dam conetruction. feiluree
have been recorded for almost every type of dam.  This 1s
why, without the support of actual experiences, talk or
which type 1s more eefe end which 1e lees ie empty and
5roundlese. _

. The eafety of a dam 1e determined by. (1) Whether “
the project 1is 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 demande of the project.g~~ o '

In fine. beeauee different types of dame have different
histories of developments and different levels of studying
their related sclences, they have, therefore, different
levels of their projects. . The level of a° proJect is re~~*
flected principally by the~pract1cab111ty of the assump-
tion on which the project is based, of the theory used and
of the way adopted for constructing the dam, - i

In order to make a further study of this matter, the
following discueeee separately some prircipal typee of the
dama' , .

(1) Gravity dame--Becauee the 5rav1ty dan 1e a eubstan—@
tial block and ‘the oelculation needed 1n 1te deaign 1e
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simpler than that 0f other typea it seems to us that the
problems- it presents ‘are. fewer. LBut & detailed analysis
shows othHerwise, " For" instance, the current ‘method of cal=
culating the stability against sllide considers friction
only,’ But the question of hgw to make a rational cholce
0f the goefficient of Trigtion ‘ié not yet answered. . Al=-
though it ¢an be ‘chosen thriough 1aboratory tests, the re=
sults vary groatly with the different ways of treating the
contact durfaces, Therefore, the coeffidient. of friction
is aétually ‘adopted, to some extent, at randomc )

e In addition, percolation haa a sreat 1nf1uenoe on’ ca1-<
culating the stability against. 8lides 'But in the design
of a gravtty ‘dam, it is not’ easy to ‘ihidlcate. an accurate
percolation fattor beforehead. - Although soue- 1nrormation
obtainid during the construction survey may. be used. to
deternine 1t, ‘1t 1g difficult to -opnclude hat the exteﬂt-
ing of percolation ‘s8timated from sush dats would coihcide
with the actual condition in the completed dam, ‘

How peroolation arfects the atresa on. the dam body 19‘;
also unxnown. As a general rule, it is regarded as. an 1in=.
ternal or external force, calculated by using some for-izx
mulae ‘from the General" Theory of Elasticity or Strensth
of Materials, A few paradoxes, nevertheless, are involved
in this way of calculating the percolation. S

Durins the conatruc&io‘ of a hlgh dam. aome materials
are cut into plocko, soue; gre mixed with water and aome
are orushed intd’ piecéh. When the dam is put.up many ey
joints are formed: vertical, diagonal ‘and zigzag. How
do these cut, wetted, and erushed materials as well as the
vertical,. diagonal and -2igzag Joints affect the distribu~
tion of stress? ' How do these different forms of matariai
and different’ forms of. Joints affect the ‘entire body of
the. dam which is. supposed to be a monolith? " At the preaent
level of theory, there 13 still no way to. complotely solve
thes problema. R R RER , o

(2) Arch dams~=the arch type ot dam involves oompli-
cated calculations. It is, questionable whether. siich cale -
dulations 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.:
thess’ questions, . Detormation of: the. abutmenta of arch
dams has' a great effect on the body of a dam. *
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However, there is no reliable: method t6 determine the

- extent of such deformation with any accuraey.. The. ques=-
tion of whether the overflow of the stream over the top

of an arch danm mrght cause shocktd the dam is also debate
able. With regard to the dzrferént forms of joints, etos;.
the questions which apply tp the' archrtype of dam are dimi»
'1ar to thoae for. the gravity onesa

, (3) Buttress dama+-The d;trimental effects 6f peroél&-
tion on buttiress damd are léss than thode.on the gravity
type. -In this respect, the former are superior to the -
latter. However;, With regard.to the stability against -
- slide a8 Wéll as the conditlons resulting .from the differ-
ent kinds of Joints, the questions are same for the bute
treds type as for the sravity dams. In both cases there
are no’ clear anawer5¢ ‘ B e

In additlon, 1t is questionalbe as. to how great the -
strength of buttress dams‘againet earthquake shock might
be.. And, would the overflow of the stream shock & bute
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 not answered these questions nor has offer theoreti-
cal studles glven any perfect solution, :

Finally, we must hypotesize what would be the strength
of a thin buttress dam to resist the percclation if some -
cracks developed. Many engineers are trying to solve . .-
thia problem. . '

(4) Earth fill dams-—Although there’ has been a great
advancement in geophysics during recent years, the way. of
designing an earth fill dam is, in many respects, baged . -
on & particular theory towhich a perfect solution 1s diffi-
cult to arrive at. .For instance, there are many 1aboratory
to determine the shear. resistance of earth, But which .
method should be chosen . to meet practical requirements is.

a bilg question, In addition, the pore pressure and lique-
faction of sand necessitates further study. o

(5) Rock £111 dams=-If one thinks the theory of elaaq
tilcity 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 uaed in the study of rock fill
OnQSQ o . S o N o
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Althoush we have often ueed geophysics or. the theory

of elasticity and plasticity in- -working out the designe e
of rook, f£ill dams, the .theoretical resulta more or less..
deviated from the. practical aonditions. 1In a addition, -
‘many .other problems are; 8o fér, not splved: - Rock settle- .
ment 1s one of them, aa there; is no preciee way to prede-
ternine the extent to which rog s will settle.

Summanizing ell the facte atated above, it is evideht
that in the. case of..all these: types of dams there are & -
great many unsolved: problems. Because their problems . ere
not: splved, no conclusion cany. therercre, be ‘reachedq . -
Because there 1s no.way to, .predetermine the safety of these
dams,- therefore, we can not guaratntee hcw much safety can
be required, . S . A

Despite the fact that the theoretical methods (includ--ﬁ
ing many traditional methods of .calculation) can not glve :
us exact: answers. for practipal use, they do provide us f
with many principal prules.and formulas concerning -8 dam.
Having: these rules and formulas .at_hand we can do .some=- . |
thing to .cope. with any probable situation end to preserve <
the safety. S o FE T T G oL

Moreover, the experience we have obtained from the
operation of those dams already in service can be help= :
ful to us in eliminating the weak points in the varlous .
types of dams. N , - ST

Between the assumptions on which the deaisns were beeed
as well as the methods by which the .designs were. calculated
on the one side, .and the practical conditions on the. o
other,: there has existed a‘gap. -In order to cloae such a
gap 80 as: to- insure that the. structure ia free from. danger,.
we generally established. a certain: safety factory and. set .
forth some- fminimum] 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:Buch a
dam. - The unconsidered factor ,of cohesion, which is an e
inherent element. therefore. added to the satety.-,ﬂ;:5=¢

In earth fill dams, because there were more unknown S
elements involved in estimatins the stability of their

15




sloping faces and less 1atent elements which would be
beneficlal to the structure, the safety. fector fer the
stability of the: slopee 1s from 1 3 to 1 5. -

w1bh regerd te the allowable stressee 1n grevity dame.
'beeauee the difference betwsen the effects of percolation
on the stresses of the dam befare and after the erack :
developing at its upstream face was not ¢learly understood,
no appreciable ténhsion stresges were permitted at its up~
stream face. - At the same time, a good drainage systenm
wes provided ineide thé an to relieve the dplift pressure.

i In the erch type dams. the 1ncreaee adveree effects of
percolation resulting from oracking 18 not serious enough
to impalr the dam gafety.. A tcertain amount o appreeiable
tension stresses was,- therefore, allowed to be present on ’
1te upetream tace. fe“~v-.

The eafety rectors. which differ with the types ef dams,
were determined by thoroughly studying a specific type and’
by the estimated extent of detrimental effects. caused by -

a certain element on that. spectfic type. This is why a
dam which has a greater safety factor is not necessarily
safer than a dam which heu a. emaller eafety factor .

Generally epeaking, the»elements 1nvolved in deter- o
mining-the safety of différent types of dams are &iffeir="
ent, It is the stabllity lagainst slide which determines
the safety of gravity and buttrese type dams; it is allow-
able stresses which determines the saféty of buttress and
arch type dams; and 1t 1s the slope stabllity and rella=--
bility ‘to raeiat pereolatign which: determine the serety of
earth fill and rock fill dems. o

In a nutshell, 80 far. as the“requirements ror stability;
strength and resistance egeinst percolation are concerned,
each of these dam types hag advantages as well as dis~
advantages, - But inasmuch a8 ‘the safety 1s conditional and
these. requirements are the established conditions under
which safety .18 insured, thé current level ‘of scientiflc
techniques ¢an insure that all these requirenents are met,
whatever the type may be. - However, these requirements ,
should be taken into further consideration in view or the ‘
true etanderds eet for~eonstruction work. AT
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The:. quality and'quantity of matarialsfhvailable rbr P
construction purposes constitutes ah -‘element Which most
directly determines the safety of a large dam, Whether
the. construction material satisfies the deésign demands 1is
an .important. condition which often ‘affects the aaleotzon ‘of:
dam types. . For 4nstance, a hmsh,areh dat ‘in ‘which the = "
estimated- stress will: :always Yeach 80 'to 90 kildograms per -
square centimeter needs ‘concrete of above #300 standard, _j'
At present; .in.:some: regioas of ‘our country, because the -
concrete .produced -fell shart of: this .standard; this demand
could not be satisfied and consequently the arch dam pro-
Ject had tﬁ‘be—ahelvedc B

In extremely cbld resions the damand tor a treeze re& )
slstant standard -in buttress type dams and. in general " '
locations the demand for an anti-percolation standard- ln
the same type are both relatively stringent. If these ,‘
standards can not be:lhsured: in certain qualities and-
quantities of: the: cons%ructlbh materiale. the durability
of the dams w111 -bes affeeted. e .

It has happened 1n aome places that the materials used'*f
were not. sleved’' well:and that the aggregate material were: -
so unsuitably selected that: -they could not meet the per-
colation-resisting and freeze resistant standards. :

a result. the buttress dams were threatened with ruin.

In addition, the dissipation of heat 1n oonorete dams*”ﬂ
the. control of: porosity in rock:£111 dams; ‘and ¢ontrol: of ¢
the quantity.of:water: infpercclation-resistins earth:.dams’
and .the control -of ! gravel weight in: masonry. dams: - will ‘in-"1
fluence the selection of dam projects if, owing:ito in~
adequate equipment or some other reasons, the quality and
quantity- of'materials han not be guaranteed during con-
atrUction.» et

The’ Prosress and procedure of construction bear rela~"*f
tlon to the safety of varigus’ ‘types of dams during parti- =
cular’stages of construction.: In-.one instance, the pro- -
gress of bullding-a rock fill dam was too: eptimietically
scheduled to be 4 ooo cubiﬁ meters per day. i o

Actually, only 1;0@0 cubic meters of dam could be
erected daily. During the season of high water, torrenta
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 whs most of the eérected part of the dam
wracked, but 1in addition diaaster was spread over the
lower valley. c;~-‘”m e : .

Similhr lesaons were taught during the building of
earth fill dams, - It-was these lessons such as these .
which have alerted us to. the fact that in’ the design of °
dams built from locally available materisls,.the way of
guiding the stream and the speed at which construction
proceeda must be arranged with spacial*care. 5f<k ,

Under 5enera1 circumstanoes, this problem cen be solved.
But if the capacity of the gulded stream is tremendous
and as a result the embankment put up must be very high so
that everything wlll be under contrel during the first
phase of construction, we need a sufficient amount of mec-
hanized equipment to cope with the problem. For: 1nstance,
according to the study of some rock £ill dam projects:in-
our country, 10,000 to 20,000 cubic meters should be put -
up every day during the ﬂirat phase of conatruction. f:‘

" We ‘mgy take similar rock r111 dam at Iu-mu in Japan
as an example., The dally quantity of matorial dapoaited _
during the firat phase was almost same as on our dam.,rf“
The main mechanizad equipment used wae* ‘

25 power shovels (1nc1ud§ng four 4 5 cubic-meter- o
 power shovels) to do the quarrying and excavating
x work s L ‘ ‘ . R T

96 heavy trudks (1nclud1n5 forty 22 ton-self—dumpins
trucks) for hauling rock

6 twenty to twenty~r1ve ton cranes ,*:¥”‘"
2 fifty-ton pneumatic-tired rollers”|\
e twentybton sheepfoot rollera o , |
Notwithstanding the ract that the damage caueed 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
1neompleted on the downstream side. :
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fhe procedurs and progréss of. coustruction determires .’ .

the distributisén of’ stress:on a dam, If proper atten~. .
tioh' 'is not paid to these. factors a dam might be brought . -

<.

into’ 'jeopardy. - For instdnce, 1f thé: constructlon work

must‘b?”dbhéfﬁitﬁ*%b;ﬁuéﬁfgaﬁteythat{thegplou;ns'aeet;pné]ffiw
of arch, gravity or dbuttress type.dams are poured before .. .

the‘concraﬁbfis"ddoled‘to%&h@isétﬁihg‘tempenaturez}pxtga;[

stress might arise from later contraction of the concrete
blocks, ' And; the fact that: the ‘concrete blocks are put .
up individually might also cause & change in stress .. .. .

Aboyondlﬁﬁét §§t1matedfiufthewonigin51rdeg;5ng,)g~

. If all these fadtors méntioned ‘above are not adequately
estimata@’%éfarehand)-they:mrght~have¢detr1mentalha{tgqts;
on the soundness of & dam. 'But if they are.all involved .
in the estimation, the estimation would result in an in~
orease of the quantity of concrste required which would
influence ‘the ‘068t ‘to 8ome extentiy .. v -l ah o

In addition to the above factors of deslgn and cons-
truction, consideration should .be:given to .the facllltles
for maintenence and the practicability of repalr in case -
of damage after coupletion of a-dami :In.these respects, -
thin buttress type dams (like multiple arch and flat-slab:
types) are most unfavorablq;vfiw: R IR S UL

A e A R T

Thipgigfbe¢ause?1ﬁ“the'went;ottcrackingsbr=other;damage
concrete ¢an not be poured from their tops or walkways. -
And, it would be impossible: to eimpty &a-large reservoir. .
(In_ppfiépuntry;*the*ehpdciﬁiesfbf'rééervOine;areurrom,,..w
several thousand million to, several ten. thousand .million -
cubic meters. Therefore, Bpeclal-care should be taken in .
constructing a thin buttress typeé dam in & sltuation which
will involve a large reservior

In summary, each type of dams has particular elements,
same favorable and some unfavorable, which.affect lts -
safeness., The cost of a dam 18 also affected by many
factors. But, safety and economy ¢an not be dealt with
in the same mannér. The two must be consldered Iin ac-
cordance with the circumstances which exlist at the tlme.-

De Tfends 1n‘the'Selectian"¢tvDam Typea‘ln"Foreisﬁwf‘Vi:;'
Countries
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_elaseiriee them by type

In order to: further explaln the trend of development
in dam types, it ‘Will ‘be well to note the trend 1u the
eelection or typee 1n foreign countries. ‘

Accordine to- 1ncempletg p$etiat1ce, the capitalist
eouiitries pbssess 336 dan whicﬂ gre above .75 meters in
helght. This number includes tHose which have been com-‘“*

' pleted, those which ert uAder construction and those which

are ‘still 1n' the ‘plant % stage. The fe;lowins tehle

ahd height J;
dompleted or “Completed or des

q Dem:eypegﬂeﬂf‘?jjwqtale . designed ‘- 'signed after 1950

i after 1950 . percent of total
. .75-100m 100m 75-100m 100m 75-100 m 100 m

Gravity 9T 66 67 i 47 . 60% Mz
Areh . 52 _46 23 36 44 - .75
Buttress 1003 5r s ?1 - 50 ., 67
Earth £111 © 24 9 16 8 67 Cgg
Rook fi11 24 “'t14 1 1 63 79

From the above teble we can eee that the number of
gravity dams is the greateat, and that arch dams are second.
The ‘other three are, in order, the rock fill, earth fill
and buttress types. . If we use the year 1950 as a. startlns
date, the high dams which were completed or which were
belng constructed after that year were still baslcally con-
forming to euch a trend, so far as the absolute filgures
ere concerned. .

However, relatively speaklng. the percentage of dams-
over 100 meters built of loca11¥ available material has
been increased, But this doesn’'t wean that the trend in’
avery country has developed in the same way. The dam con-
struction in some principal capitalist countries can be . .
obeerved as follows:
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(1) United States-s=In- é'ejn;i?a;;i,.t;hﬁéi;higﬁfﬁ'd whs* in the ¢

United States .follow the same pattern as those in'the "~ ..

capitalist sountries.as.a.Whole. .But.since 1944, while
there has’besn & noteworthy. increase . in earth fill and:-'"®

rock fill dams, not a. single high- butireas one has'been - =
erected, . The high dams of the Unlted Stated. are consti- '
tuted ag shown -in“the following table:: S SRR

o T Nunber of ddn Numbsp of dams’i -
g Typés ' Total . after 1950 after 1950, % of .
A IR T T etal

. L
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(2) Japan-==The. number of gravity dams 1n Japan is
overwhg}m;ngm”¢3gp,h;gﬁzr[g:cn, rock f£ill and buttress
_types-have 8lsc been built-during recent: years. .The....
types;in that cq?@;ﬁyiﬁ@enq@hspigﬁtedzaswfollawaiﬂ; e eme

34 I S

- Dan types - 75-500/® " 'Above:100-m - . | Remarks

-

19 A minority of
S these has been
.0 -completed;. the
0. majority are in
. .o+ the.dealgning. |
w oo or-construction
. stage. . .. .

Gravity = |
utiress -0
marth £ii1

Rock £111 0
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(3) 8w1tzerland-~-31nce 1951, Switzerland has bullt
seven dams which are:above 100 -meters, Among them, four
are arch type.  They: are, Mo-wa-sdngy - chieng-chi-erh,,q‘,
Chiang~-fu-sul~la and . Mb-a-l._ Two -dams, Ta=ti~k'o=-sun. and
A-11=nieh are gravity. type.; The Mb~hains~neng dam 13 or
the earth fill type.;,wn

(4) Franoe--«During the ihég ten years. France has
built 32 concrete date. incl ding those which are less
than 75 meters.in height). 0f . them, 26 dre arch types,
four atb gravity. and two'are buttress types. Althou
there abe not mahy bufl ‘of lochl materials the earth fill
Sa«erhalung-sang dhm ha a heisht of 122 meters.. |

-(5) Italy—--Only one sravity type dam, the Sa*erhhﬁo
Dam which has .completed in 1939, 1s above 100 meters in
helght. -Among three.other: 75-100. meter high gravity dama,
two of ‘them were built after 1950, .Italy’ has more arch
daiisthan other types.::0f them, 13 are over 100 meters
high and 10 of those 13 were built after 1950,  In .addition,
Italy has developed arch dame with double curvdture,

The"e has also been a great development in buttress )
type daus (gravity-counterfort dams) in Italy. Three dans
of the gravity-counterfort ‘type have been constructed dur-
ing recent years, . One of them has .a height or over 100
meters, and two are 75 to 100 meters ‘high. L

w1th resard to the socialiat countriea, Soviet Ruaoia ‘
has erected m n; high dams in Sikeria, Among ‘them, Pu~ha-
t a~erh—m1n§ i=chl, the Shu-erh-pin-oh 1-oh1, Pu—la-
tz'uek'o, K'o-la-ki-jo-ya-ch'i-k'o, Sa~yin-ch '1-k'o, ‘and
Chiang-ya are gravity dams. Ta~lei-fu, Ta=li-a=orh and .
Ch'la-erh-wa-k'o .are earth fill: dams. The prinoipal dame R
in Russla are ot the gravity type. g L

‘The. general trends . in the deslgns of high dams 1n many
countriea oan be seen from the above summarized. fisures.(
In order to .further explain these trends, the rollowins
diacusses again the varleus types of dame. - e s

(a) Thus rar, the gravity type 1s.8t111 the most
popular. ‘Despite the fact that. gravity dams need. tremendoua
amounts of concrete-and have a.drawback 1in that their "
strength cannot be fully exploited, they are superior to
- othorz 1n the suidlng or streams, handlins flood overflow
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i the Pivot systens.. This 1a why they are. .-

and arranging the plv _ |

popular, But besides these,. soms other reasons support .
thelr edoption by many ocountriess . For instence, because -

the United States can uss heavy machinery to build gravity.
déns the 1ab6r and ¢ost can be reduced, It is thls rea=- ..

son which prompts that county to build gravity dams. An- .

othénﬁexqmp;ggiggqugn,xZBquqsgﬁﬁhémAcbuntrxyt;;aubjectu
to earthquakes, ‘the Japanese have bu

3 any gravity dams
ﬁ;t#pqg;ge:ig@g@ée .

becguse that tybe ia resognized to h
against. ghock. ... . oii- oo s

#

“*'I% Russle, most of the dams ave locatsd in Sibveris:....
where such unfavorable conditions aB extreme cold and o
great, innundation have prévented the Russians from ‘main-
taining 1ight types or erecting.dams bullt of JTocally <.
avsilable material, . They.must of necessity ‘use gravity. .
damﬂ&;?Uﬁqlﬁt?S?QV%tY'd%@Sskaﬁhﬁgb.'nfﬂlqt»&ypﬁ;hasﬁheﬁﬂf'

 greatly developed ‘in,our country, in.Soviet ‘Russia and in.
: Swit;equqdq{@:; B I S PR U o

el .
LI :

(b) Arch dems are second to gravity ones in ‘number.,
Owing.to some natural ¢onditions France, Itely and other
EUropeqn'coq“tnles;haveifpcgseg;spec;aliabtentioq,upon:a;f
the constructionsgf;ar@n;dqma;gThlqﬂi&zbeqauaegtneir;dadu
aites'werejin'narrqw;sqrsea;ﬂhpre:flopdins,is,not;srqatwgf
and the problems of gulding the streams.and discharging. .
the floods is simpler. i The building of arch dams 1s,

therefore, .advantageous .for those gountries... ..’ .

u8944,%hgﬂkeV@l@qtuyhéhﬁaqhniqnexatwﬁkilled~labor«and~the

t1m9¢rdrécqnabru¢tins»thg1grch,type<dam.perm;tpedzua;nslax

bé;pgr;@gq&ltx¢cqn¢reﬁa,;;T@;g£1q4§QQ'reasqnwayfmona,*,‘
countries in Europe adoptgqqagqh4@amst;y e e el

.-+ (e) ‘Durlng recent years, ‘there has been g great deve-
lopment :of .buttress type high dams, chiefly gravity- . ..
counterfort ones. Most construction of this type was . -~
done in Italy. _Notwlthatanqxng'tnlsgdevelquent,;@he-:~ﬁ
gravity-counterfort dams presently do not acctount for

~-many 1natne;averallxt;sun981‘;Hquver;¢the¢9me;ned?sreat'
. .mepita.of the gravity and butiress lypes will .result:in..-

great :development of them in the future.. ..

3 4he early yeara of deu construstion in the.United .
States, some of the multiple arch dame bullt were relatively
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high. .But since 1944, Americans have almost ceased build-
ing such types of dams. . There are several peasons for
thls, = Among them are that the multiple afch type needs
vast quantities.of steel reinforcement, and the method of -
construction is complicated, In additionj in the .event of
eracklng leakage would be serious and repair and replace-

ment are ndtfeapy.».MorQover they ‘are:generally tiore ex~

pensive than gravity~004nter}ort;typea;- ‘ S -

_quever,-multipléuafthdam_with spread footing is a
new development ln dams of low heighti - Bhsically; this
development can eliminate the general defects which ard
inherent in the {standard] multiple arch typess This '
merlit is sufficlent to warrant its further devélopment. . -

(d) High dams built of locally avallablé tdbérisl have
had an outstanding development during recent years, partis
oularly in the United States, About 50 percent of the
dams bullt in that country after 1950 and were over 100
meters high were built of locally avallable materials,

One of the reasons for this development is that con-
fidence in such dams has been stréngthened by advanced
theorles of deslign. 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 materlal were chosen in preference to concrete ones.

From the above facts it can be observed that:

(1) Despite the fact that varlous countries at certain -
times, have designed and constructed certain types of ar
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 c¢an 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
conventlonal types bullt is Justified. - . - :

. (2) In considering the types which make-up ail the dams.

in our country, 1t 1s noted that they are relatively .
varlied., To compare these various types with those in the
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other countries which have aimilarly complex natural consz
ditions, one céan- see that each type 1s in normal propor--*
tion to the rest. R T T SRR P
(3) Many types ot dams havo boen further 1mprOVed in - F
the wake of the advancement of both ‘theories and practicea:
in dam construction, . As example, regular 5ravity type-
dams are losing theib place to the open-slot gravity type;
gravity-counterfort dams are taking the lead in the but-
tress groups; & new type of multiple arch with’ spread .
footings has appeared; the arch type with double ourvature'
is being greatly developed; ‘and - the. rock f111 type with =
masonry cores has become popularo : P '

Few of the rock: flll type dams with risld cores and ,
few of the thin buttress ‘dams, such as those with a multi-
ple arch, were belng ‘bullt in recent years, The tendency '
has been to drop them rrom that group type. R

The rollowins conclusions stem from the above discus-”f
alon. The selectlon:of a dam type must be based upon’ the -
topographical and. geological conditions which ‘are 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 sbout dam types without
concrete information on these conditions at hand, ‘and
jumps to & ‘conclusion that a particular type 1s the cor-
rect one and  that is incorrect, he cannot have ‘an adequate
undarstanding of the overall plcture of danm construction. ,

It has been the case with all countries that in differ-‘
ent eras-of history and with- different existing conditions
the cliaracteristic points of the dams which were developed
have differed,  Our country . is, now, living in an era of
a blg leap forward toward the establishment of socialism.-
The advancement of all branches of the economy 18 80 swift
that the supply of .such materials as steel, cement, timber,
eto., cannot fully meet uhe requirementa of‘reoonstruction.

In order to obviate such a paradoxical aituation and
to push a bigger leap forward‘in the irrigation and hydro-
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electric field, the Department of Hydro-electric Power as
well as the Bureau of Irrigation and Hydro-electric Power
Reconstructlon have suggested that the adoption of dame
the local-material bullt of locally available materials
are to recelve preference, This proposal 1s.quite right
and 1s generally recognized to be in conformity with the .
present real situation. Spéclal attention should be fo-
cused upon the sugh dams in the selection of dam types.

. However, the selection Bf such dams does not mean the
exolusidn of all other typess Therefore, it behooves us
to continue to study and to improve those other types.

We had best make an 8ffort to attdin a greater achievement

in the development of all types of dama.
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[Thls 1s"4d translation of an article submitted by the
Water Cohservation Research Laboratory of  the Anhwel Water
Conservancy and Electric Power Institute, The article 1in
Shui~14’ Shui-tien Chien-ghé, No'17,, 1] .September 1959;.

pages 14-20,] < -

(1) Prologue
When dement is mixed with water, a cement paste is formed
and then hardens. According to the experiment made by Dr.
Tokujiro Yoshida of Japan, if the paste hardens at the age
of three days, the water required 1is approximately 10.8 per-
cent by welght of the cement; if 1t hardens at the age of
seven days, the water required 1s approximately 13.5 per-
cent; if it hardens at the age of twenty-elght days, the
water required 1s approximately 17.9 percent. According
to the study made by Professor Shinohara of Kyushu Unlver~
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 1tself, 1
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 1s, therefore, usually adopted when con-
erete is used as a bullding material, Because more water
18 added than ecan combine with the cement, there 1is always
about 50 percent of water which is free in the concrete.
Such free water evaporates when the concrete drles, 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 selectlion 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
conerete in vacuo all contribute to the reduction of excess




water, During recent years some admixtures have been in-
troduced, These admixtures will .serve as-a new method for
the‘improvement.or thafprdpeﬁﬁiehfdf?theAéoncreté;

The admixture which wgs first applied to concrete in our
country was gaseousi “Afterwards) ‘they weré the waste liquors
of paper maklfig from tHe paper Tadtories at Shih~yen, Ying~
k'au,:ﬂﬁinéchou)ugientsing‘Kuangfahau;gn@rShanghai.‘_Theh ‘

use of these admixtures, Which are now. referred to as plase
tiétzeré}~1sgw1de9pﬂead}"Qut theif -production is-80 limited.
that 1t ls impéssible to-uset the needs of recent reconstru=

étlon, whidh has undergons’tremendous dsyelopment.

. Thié,&ﬂﬁidléﬁdigeusaas the simple methods of manufactur=
ing the neW y1a§t1¢1gé§§; The materlals used for manu- *
facturing them aré suntlowérs; pine leaves; and rice stalks,
which can te found. everywhere. The methodb ahd explanations
are set. forth in such a manner that they will provide & .
ready reference for. water conservatlon engineers., )

(ii)LSQediménsw
”(i)'ceméhil;;mo“kbb"5iiiéa£e'Eéﬁéﬁtwmaﬁﬁfaétured by the
Lung=-t 'an cement manufactory in Kiangsu was used as a

specimen. Its chemical composition and physical properties
ére shown 1n the teble 1 and table 2, = ,

iTable 1l Eésehtial Chemlcéiicbmpagiiioﬁrdfzﬁhe deméﬁﬁ‘

Loss on Ignition @
Percent 510, % 'A1203 % Fe,04 % Ga0 %

1.19 28.10  7.52  4.88  54.85

W0 £ 505 & 5%

0.83 1,36 0.56
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Steamed Bailed - Water:adde d Jaet - .ot sravity'

5% 58" 3,09

Desirsable 24,7 Bh 45

(2) Pine @ggregates-—-Sands from Pine-chuang were used.i
Their physical propertles are listed in the Table 3 and
their sieve analysis 18 shown 1n Figure 1.
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(3) Coarse aggregates~-Gravels of granites from Hual-yuan
were used. The dlameters 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
gf Ege small the medium gravels were in the ratlon of two

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

Table 4, Essential Physical
Properties of Coarse Aggre<

| gates
Welght-Volume: : ;' 1426
(Kilograms/cubic meter) :
Specific Gravity: 3L B 2,63
Porosity (7): A 45,8
dater Rententivity: o o 0.43
Anti-Freezing Property: '_‘,"7. - M50

(4) Plasticizers--Domestic plasticlzers were used.
They were classifled as pine~-leaf product, sunflower
product, and rice-stalk product. To compare these
plasticizers with those made of waste liquor of paper
making, waste lliquor of reed from the Chin-chou paper
menufacture was also used as a specimen in the test,

The stems of reede are bolled with a sulphite and all
the fibrous substances are removed, the 1iquid left 1s
the waste liquor of reed. When the materials, such as
sunflowers, stems of corn, rice gtalks, or wood, which
contaln albumen and carbohydrates, are cooked with a
considerable quantity of NaQH, the vegetable ingredlents
of those materilals react with the alkall to form & ve-
getable-alkall solution,

when all the fibrous substances are removed, the vege~-
table~alkall solution is a domestic plasticizer. The
detalled process of manufacturing the domestle plasticl~
zers is as follows: :




a. Cut and grind the pine leaves or the stems of the
sunflowers or corne Measure the amount of water they
contain. W , o

" b. " Prepare a 5 percent solution of NaOEw(EO grams of
NaOH per liter of water. VT , 4

. Pour two liters of the above prepared solution of
NaOH into a boiler and heat it, Add one kilogram (dry
measure) of those 5round materials, little by little,
into the boller.: - ,

. ds 'Boll 1t and mainta¢n the boiling point for four
to five Hours, Stir conatantly. . Dont let any burnt.
organic mduter stiock to the bottom of the boiler.-

8 - Remove the fire, let theé 11qdid cool dff filter
off the residue, and finally neubtPalizeé the 1i uid with
hydrochldric ac d. (Teat 1t with 1itmus paphr

The essential physical properties of the plasticizere:
are listed in the table (5).

- Waste

Liquor Sunflover Pine~Leaf Rice-Stalk
Items of naed Froduct Product roduct
Appearance Br qu - Br Lig . Br Lig Br Lig
Sp Gr 1.15 1.06 1.03 1,02
Sclld Matter
gn/c c . 0.324 . 0,111 0.06 - 0,036
cao, ms/llt 11263.53 247 .65 200,08 36.38
Mg0, 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 Propertles of
, ‘Plasticizers
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(IIi) ereguieites “of Experiments’

. "1es The maximum dliameter. of. the assregatee tor ﬁbe conf
crete was Tive centimeters. ey oW o o

.. 2, - The elump of the concrete was : eix to eight centi-
meters.i, S R PEIRPPUPERE CR S SO SN PR

< 3. The amount of sand in the concrete was 32 per~f3‘
cent.

4. The eoncrete was d;eturbed W1th maehineryg ex~
cept the conscrete molds which were used for the anti~ .
freezing test, all were stamped with machinery.

5.- The size of the specimen for the etrensth teet
wad 15%15x15 centimetere”-the "size of thiat for the anti-
freezing test was "10x10x10 centimeters; and the size of
that . - for the percolauionw-resiating test was.. 15x15x15
centimeters. PR . ,

6. The amounts of the plasticizere added are ehown
1n table 6. .

"Table 6° Glassiried Number of §pecimens and Amount
o R of the PlaBt cezers Ueed e e

. Plasticlzer Clossified No .«  Quamtlty
o L QQ ar P Added i
Waste Liquor of ' "Reed 2 Tt 0.10"
Reed .
. ..y .- _.Reed:3 .. .. . . .7 10,20
" heed 4 0.30
Sunflower 1 0.05
Sunflower 2 0.10
Sunflower Product
Sunflower 3 0.20
Sunflower 4 0.30
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7. All specimens were preserved in moilst ehamberﬁr'f”
The.%%mperatﬁreé~mainthinnﬁJwarq?fQQ@JlﬁﬂtoA209 Ce- The

. pelative humidity maintained.was.above 90 percent. 'The

 perlods of prgsérvation“wdnegqeven-dajd,g28-ddxs,;qui o

(1) Gelatinization oEﬁﬁﬁbfplasﬁiqfiéfé}ffaﬁflf:"“/".'

" ‘inen pliagticizers are added to the cement pasts, two

kinds of dement gralns ape formed: .oné is deposited with
the“vegetqblé“mgtter'whichfcemesﬁfrom'thq,plgétiqtzérdgi
the other is the comblnation of the orystals of calelum-
hydroxide~w1th'that*whichAhae»beenfdepgsited-wipn the

vegetable matters. Both gralns carry negative charges .
br‘électricityrandhrepel'each»other.a,g_,_;ﬁﬂ*;‘ o

.- . Therefore, all cement gralns diffuse themsselves uni-
" formly. . The cement paste does not coagulatg, Such a
phenomenon is spoken of as gelatinization. . According
.tq,B._A,uWy-l1eh-p1n-ch1eh-erh-yuan-shih, the gelantl-"
“nlza;fdﬁ“ié”thé*flrst'causecof:tnqzplggtipip;ngiprggct

of the plasticizers. . : "

PR e s
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Sueh gelatinization can be illustrated by the sedl~
mentation of the cement. Heré are several 100 c.c. test
tubes., One of them contalns 100 c.c. of pure water, the .
other contains 100 c.c. of & 0.005 # solution of a gas,
and esch of the rest 13 full of a different plasticlzer
solution having a density of 0.05 Z.

Add 10 grams bf ce aiit b 4ach tube, shake the tubes
vigorously, and then 1& ‘theth stand. The sedimentation
of the cement in each solution can be observed.as follows:

In the test tubes which contaln pure water and gas in.
solutions, the cement particles; which have diameters far
larger than those of the cement grains themselves) settle
répidly: The 1liquids in both tubes are codpletely trans-
parent after sténding only five minuted; and & thin layer
of cement which settled a ‘the Hottom of the tube can be
BOON. . 7. e o U e

But in the tube which contalns the plasticlzer sollus
tion, the cement grains generally wmaintain thelr original
dlameters and diffuse uniformly throughout the entlire verti-
cal space of the tube, The sedimentation is so slow that

the sclution remains opaque for a very long period.

The tube which contains waste llquor of reed appears
transparent in one hour and ten minutes, that which con=
tains the solution of pine-leaf product in -88 hours; but
thosé which are full of sunflower and rlce-stalk solu~
tions take over 10 days to clear. R o

© The gelatinizatlon caused by the plasticizers increases
the plasticity of the cement. "The same plasticlty can .
be maintalned when the excess of water as well as the
amount of the cementAusedjare'reduced.‘ In addition, the
gelatinization also means a better contaét between the
cement grains and the water. The hydration of the ce-
ment and the strength of the cement products are, there-
fore, improved. : ' :

'(2)‘ Plééticizersgvstandard consisténéy;ahdwthe:periods
of the cement. B T SR
The cement grainé‘bf'a cement‘paste'afe‘asaeﬁbled'to—

gether by molscular forces %o form a structure in which
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R T

parts 6T the excess of water are ccnfined, 'The forma-
tion of these stiuatures is.the setting ‘of cément. Such
setting of cement produces a certiin ultimdéte displaces
meut ‘stress which prevenis the cement pagte from moving

freely.

.‘When théjp1asﬁic1zeﬁq.ﬁréwaddédﬂto,giéémént'paﬁte;;fé'
the vegetable matter of the plasticizers forms a gela~
tinous film around the surfaces of all' the individual
grains. The grains whicll have been covéersd by these
films have more water around.them than®thoee'whioh have
not, and the water which is around the covered grains is
stabler than that around the uncovered ones. . ~

The molecular forcés are subsequentiy weakened; the
structures of setting aré Lamperei, the watér which is
supposed to be confined inside the structures is let
loose, and finally the fluldity ofi the cement 18 increased.,
“Reductlon of the standard.consistencles of the cement can

. "“'Table T. The Influence of the Plasti~ -~ ..
'“"qizerﬁfon‘theLStandardwconsistanieS'bf

Glassified No ' Regulai Resd Sunfiower Pine Bice

a0 247 2309 0 21 241 24

LB s e RE YT 236 “U24,1 24,0

e as ma w0 23

4 AT 22,8 23.0 - 2304 2340
ﬁ_wEurthermdré;mthe*gelatiﬁbﬁﬁ'fiims"fofméﬁvaf‘fhe ve-

- getable matters of the,plasticizeréxprevent*the water -
from diffusing inside the cement grains. The preliminary

phase of the cement hydration and the prccess of hydro=
lysis are both deterrsd. o
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. In addition, the plasticizers contain carbohydrates
which are composed -of -eithér 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 plasticlzer is longer than for
the regular cement., If the ambunt of plasticizer used is
over 0.2 percent, the period of setting of the cement is
generally above the standard 8pecifiéd in the national

code. - . . KT s o
 The effects of plasticizers on the péricds of setting.
of the cemént is shown in the table (8). ~ = .
Table58;‘f$ffects of Plasticlzers on theé Perdods .
. . cof Setting of the Cement - .

- | Reéuiéé - | Réed : w"iSuﬁfibwér
Classifled — ’ .
No - Initlal ° Final "'Initial Final 1Initlal Final
' . set set  set = Bset set set
h=m =m . h=m =m h=m h=a
1 3:35  5:58  A:h4  6:34  5:58  7:58°
2 - = 5:55  9:03 646 9:47
3 - - 5:55 14:25 9:26 17:36
4 - - 5:51  19:40  9:55 32:25
Pine _Rice
Initial Final Initial Final
set set . sst set
~» h=m o h=m . h=m h=m
. 453 6351 4130  8:17
5:47 8348 5:23 8:56
6:27 11:52 7:21 10:01
11:57 32:21 9:36 13:46
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(%) Plasticizere ané the bleed*ng or the cemeﬁta

.Bleeding of ooncrete or mortar consiste of 'thé forcins
out' of mixing water from: the mass afier -moldings . It 1s .
thé result of: sedimentation of the. éolid particles ‘in -the
-conerete or -mortar, -The Water, Meually rieing 'to the supe"
face of the. mold - aoftena the surfade, legeens the affin-
ity ‘between "the cement ‘grains and therefore, ruins the -
homogeneity of the entire mass., Such expelled water also
attaches to the aggregates and the slesel. reinforcements.
The adhesioh ‘of thé concrete to the aggregates and the
steel is also weakened. Also, eroalve; liquids are. apt to
Permeaté the mass of ths conerete. throush capillary ehan-
nele formed by the expelled watera : : ‘

-

DoIo Men~ch1ehetieh-fu of the Soviet Research Institute
’of Industrial Chemlstry, has” drafted -a formula.in which::
“he& usee K to denote the péroentage of water-expelled- :“og{

“ K _.:VA.; B X 100

R
e L] ST e

A 1e the orisinal volume of the cement paste,.;*i

B 15 the volume of the cement peete after
ahrinkage.ug“ﬁ‘. S -

A Disturb 8" cement paete which has a weter-cement ratio o
f .55 and- let it stand still for 3 hours. Mix it with

plaeuicizer.A The percentags of waten expelled can'be

observed: from the table 9a e B s B

lagslfied’ No'© Reg Ar' ggfe_g:""<shh'f16w'éf _13_1__42 mce

1 16.7 14 8 16.6 147 26
vl i BLRRTA6 TR T 13,07 0,008
P.i3 Sl 0.098 " ',14.0 0.082 0,040

Table 9. Effeots of Plastio*zers .on the Expulsion
o of Water of the Goncrete

38




As a result of the experiment, the bleeding 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 mlinute parti-:
cles, combining with water, form a great number of gela-
tigogg\compodnda which prevent the water from being ex- - °
pe 1 . o ) ) N o C f'  “  :4 l.A

(4) Plasticizers apdcthévﬁif Qbh%ént‘iﬁ)ﬁhgscbhqete,'”’

. When gaseous substancds are mixed With a liquid and
stirred; bubbles are forimed, But ordinsry 1iquid doés not
form many bubbled and the bubbles formed collapse readily. -
Plastieizers have the effect of lowering the surface ten~
glon of Water to fumetois alr bubbles in the condrete from’
dollapsing. It is these numerous:minute alr bubbles which .

indrease the fluldity and workability of the concrete.

The concrete ecan be molded or shaped}at will, ~

Plasticizers different in the ability to lower the ,
surface tension of water, Waste liquor of reed and the -
sunflover 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 atanhdard
that the concrete should conialn. See table 10, = =

Table 10. Air content percent. in the concrete
which has been mixed with plastlcizers. The
~ maxlmum diameter of the concrete gralm 1s five

Ceptimeters
Classified No., . Reed  Sunflower Pine Rlce
N ., 0.9 0.8 2.4 1.3
2 1.1, , . 1.4 e 3’7 , ; é;7
5 1.9 - 2.0 56 6.5
4

2,5 3.1 6.8 9.2
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‘gelatinization of ¢

.vibrated thirty times, The.e

These numerous minute alr bubbles not 6h1y increase
the plasticity of the congrete but also increase its dur-

- " e .

‘ability. . But 1f 1t.15 too much aly, the strength of the

concrete will be lowered and”the favorable sffect of the
he' plasticizers on the toncrete strength

P

therefors, reducedi':

(5) Effect of plasticizers on the fluldlity of mortar
and conerete. . ... s e

Plasticizérs have ancihor ability, that of improving
the fluidity of mortar or concrete, It i1s this abllity
which reduces the quantity of water required for mixing.
The reduction of required water 1s the ultlmate .alm of-

"

the useiof.plaéticizers, - -

“The fluidity of“mortar is represented by its ekpansioh.
In an experiment we used water=-cement ratio of .48, and
cemeht-sand ratio of 1:3 by volume, Then mixed water,
cement and sand together tp form mortar, After the more-
tar ‘was 'mixed with 'the plagtf@izer it was put on & .

.expansion of mortar was mea-
sured as shown in'the table Il, -~ ~
" Table 1l. Expansion of Mortar in Centl- - -~
. o ... meters . ... .. -,

R P
¢ s
L

Classified No ' “Begular ~‘Rued ~ Sunflower 'Pine Blce

- e B agl _= 145 LT xSk 158
3 - it 1887192 186

Table 11 shows that the fluldity of mortar 18 incireased
with the amount of plasticizers used. This 18 so parti-
cularly with pine-lsaf and rice stalk products which pro-
duce lnnumerable bubbles and have an enulgifylng effect.

e

The expansion: caused by,themfis“extreme1y no§;g9§pL§;
The fluidity of concrete 1s generally measured by the

slump, If the amount of water used 1is smaller, than us-

ually required for the same slump, 1t indlostés that the.
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conerete 1s more fluid then ordinarlly. " In an experiment
‘we:ccnducted;‘the.concreté usedphngaJwat9r*cemehtfrat&oVvx*
“of 0,65 and the slump was set at 81X to elght centlmeters,.

The quantities of water used after mixing with plastici- "
zers are shown in the teble 12... . - o ,

Iéble<12;1Ambﬁnt=df,yétér needed for the coharete_}
which was mixed with piasticizers. '(Kilograms per
AT © cuble meters). ..
Claseified Nb Regular Hded Sunfiower Rime Rlee B
1 - ae2 156 156 - 153 i537
3 = 150 & 150 145 136
4 - 146 - 143 138 125

‘Table 12 shcws the deslrabllity of vlasticizers, When
the quantity of plastlclzers added is 0,2 percent, the
quantity of water required oan be reduced by 7.4 to 16
percent. Not only 1s the amount of free water in the
concrete greatly, reduced but the quality of the concrete
1s also greatly improved. The same water-cement ratio
can be malntained while the quantity of cement can also
be reduced by T,4 to 16 percent., - Plasticlzers are there-
tore, economical. . '

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

(V) Influence of Plasticizers on the duality of the
iGoncrete . . A _ _ ‘

(1) Influence of plasticizers on*the‘étreﬁsth of‘thé:
conirete. -
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Use conerete which has water-cement ratio of 0.65. Set
the slump at six to elght centimeters. .After mixing with
various plasticizers, the compressive strensths are shown

in the table 13.

PR -
o Sox l

Table 13, Strength of Conerete which has been mixed -
with Plasticizers '

Amount of - » Compressive. - COmpresque
cement Strength at the Strength at

" '@lassifisd used Kilo-  ALr G of“““days““””tha age of

No grams per Content '{:]
. Gubic metar B ks/ema B ks/cmg

) Regular BT "-'].'-';.-‘93 4 'T:,l.-db,f"‘_:. 137.8 ;"f_._mo
Reed 1 240 0.9+ B1.6 . 87.4 121, 8; i esis
Reed 2 ,}’ 236 oo pabe ‘32;;’:i85.5' 91‘5";*f_,_,;;_,45,,3f",_,_‘-:_'105.4
Reed 3 231 T Béag 962 152057 11046
-'Reed 4 225 45 %‘-'83 5. 8 8941449 ..105,0
‘ 7.5 8306 123,75 89.3
‘Sunflover 2236 - L.k, 86.8 . 93,0 [137.8° 100
Sunflower 37231 . . . 20 86.9.  ‘93.1. 130.9° | 95
Sunflower 4 220 | V%fi%““iéhiajﬁéﬁéélébHrii#QS: T 83.1
Pine 1 236 24 8138 87.6 1231 . 90
Pine: 2. ,“'!‘.' 231" U s s ff'ié"’g7_;""-” 171 T esal
Pine. 3';ff“_.' ~ 23 56 418 BLE U903 . 5146
Plne & . .213 . - 6.8.. 43.8 . 46,9, 802 58.2

“Sunflower 1 24df 
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Table Continued == .. . .

Rlce 1 236 1.3 83.6 89.5 153 111

Rlee 2 ~ = 209 6i5 76.8 82.2 129 ' 93.7 -
Rice 3 209 6.5 65.2 , 69.8 T4O 537
Rlcs k193 b2 593 2,8 6743 48.8

N TS BT VLt DU T TP RO LTS A PR RTINS R S IY TN S A

. Acdording to a-study conducted by Professor Ao Be n
‘Haleh-chin, when the vegetable matter 1s deposited.on
the surfaces of the grains, the sizes of the erystals -
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 ptrength of the concrete..

However, such gelatinous films on the surfaces of the
‘concrete grains deter the liydrolysis and hydration of the
conerete., Furthermore, the film may form barriers pre-
venting the cement grains from coming into direct contact
“with other grains. %These phenomena affect unfavorably
the strength of the concrete. If too much of the plastie
cizers is used, the films formed on the gurfaces of the
' cement grains are too thick, and the reduction of the
strength is especlally apparent. . :

In short, the effects of placticlzers on the strength

- of the concrete are both favorable and unfavorable. But

 reference to table (13) reveals that such effects vary

- with the plasticizers as well as with the amounts used.
For instance, when the most favorable quantlty -- 0.2 .
percent of waste llquor of reed or 0.05 percent of rlce
stalk product -~ is used, the strength of the concrete
could be increased by approximately 10 percent. f

If the most favorable quantity (0.1 percent) of sun-
flower product 18 used the strength of the concrete is
the same as that which has not been mixed with placticie
zers, But with the pine-leaf product, even if its most
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- generally- accepted by.contemporary studenisa... .. .

favorable quantity (0.05 percent) is uaed: the strength of
concrete is still somewhat less.after.28.days. .. -

.~ Table (13) also- indiecates that. for -the most part the
percdentage of compressive strength at.the.age-of seven .
days is less than 28 days..,This-gives.a.proof that at
the early stage of the:agongrete, 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 the hydration,

LTk

" The fact that the strengths of concrete are gheatly

weakened at the classified numbers: -pine 3; bine 4, .
fice 3, and rice 4 of table (13) can bé explaindd by the
theory which was advanced by Russian Professor Ma-llu~ko
in 19th Century.. :He maintained that the strength-of con-
crete 1s-determined by the.ratio of. .the volume of:the -
eement. ‘to that of:-the-gir bubbles. . Thils. theory .has. been

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 volds left
by the free water in-the concrete 1is. reducged by 26 to 56
liters, - oo s e o L e i T coo

But the. total volume of innumerable minute air bubbles
18 56 to 92 liters, The voids increased is much greater
than those reduced, This is why the strength of the con-

crete is noticeably weakened, - ;'

.:+Thé,éffééﬁ59ffp1§cii;ii§fS:oﬁLihe'biiéﬁgﬁhtpffthe"cBh-

crete also: variss with: the mineral constituents of .which.
the cement is composed. According to Professor Pu-t'e,
among the mineral compounds formed- at- incipient fuslon,

-G3S‘can;beamade,strongaby.plastislzer35~,The;strensthe of
other:mingrals?are;pon~theﬂcontrary;-reduced,.;..,1 S

Because different cements have different mineral .com=
positions, the effects of plasticlizers on the strength
of the concrete depend on the cement specimen. used: for

‘-th§ t68tﬁA:';;ﬁ




(2) Percolation~~resist1ng”andgaﬁt;-fréezigg- "

The sedimentation 6f solid particles in cohcrete forces

ey

water out of the mass after -molding,. leaving capillary

channels, The number and sHape of these caplillary chan-

nels are responsible for differsnces in abllity to re-

sist percolation: If their number is great, their sizes .
laree, and thelpr thapes strdight, the resistance to

perdolation is low. -~ - i - L ..

The purpese of plasticizers is. td redice the amount of
watér needed by the concreté while keeplng fluldity sons
stadts The condition of b dedihg therefore can be also
reduced. L o S .

"' In additioh, plasticlzers disperse the cement grains °
to form gelatinous compounds with water, thus preventing’
water from beingwexpelled,fredueing‘;hefnumbeﬁ”of,oapil-
lary channelé‘formédy'and%finallyhgmpravlng'resistance»to'
percolatlion. ) S S

With regard to demage 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 of
water., In his theory the concrete vwas conaidered to be
cooled unevenly. Water from the less cooled part moves:
to the more cooled ares 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 abllity of the con-
crete to resist damage from freezing ls improved. :

_ +The second theory was propounded by Pao-erh-ssu and

was called the water pressure theory. Hé consldered that

when a concrete was frozen, the water in lts capillaries .
encountered resistance and was prevented from flowing

freely. SRS : . C -

Water pressure in the capillaries was therefore, very
high. But, if there were innumerable bubbles 1in the con~
crete, the water whlich was prevented from flowing might
enter them, In that case, the water pressure could be
lowered and the damage from freezing couid be possibly
reduced.
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The two theorles have one single conclusion. which
states clearly that the neduction of concrete capillarles
as well as a céptain amount bf uniformly distributed
bubbles both contribute to the ablility to resist damage
from freezing.. Such conclusion has been verifled by'a
great many tests, - 4 S P :

. Plasticizers not ohly redude the number of concrete
capilléries by the reduction of .cohcrete bleeding, but
also improve the concrete's abllity to resist freezing
damdge by the formation of a certaln amount of alr bubbles,

Table {(14) shows the strengths of concrete which was

- mixed with plasticizers and which was subjected to qlter-

nate freezing and thawing tests twenty-five times,

Classified ' Anti-freezing Strength From Tests:,}’
‘No - . Strengths of Specimens

Regular Reed Sunflower Fine Rice

1 95 - 106 . 61,2 103 93.8
. - 103 o922 122 100
5 - 101 165 - 93.4102

4

- 84 105 - 109 102

Table 14. Strengths of Gonerete Subjected
to Alternate Freezing and Thawing Tests 25
' Times '




(VI) Preliminary estimate of econpmic efficacy

When a. suitable quantity of ddémestic plasticizers-is i:
used, they can reduce the amotint of wat8r needed by theée™:
concrete, reduce the quantity of cement used,  improve éone-
crete_strength,_and}improve_cgngxl;g;dqpabi&ity. ‘Their
economic efficacy should, therefore; bé considered on. the
basis of. the total effects on the required water strength,
_anti-freezing ability and resistance ‘to pércolation;’ But

because the anti-freezing test has not yet come to a cons
clusion, such efficacy can for the time"beihg be only .-
preliminary estliated from the amouht of water and the

concrete strength at the age of 28 ‘days. ‘%

We used water-cement ratios of 0.65, 0.75 and 0.85 to
find a straight line which represents the relationship
between the watér-cement ratlo-and ‘the compressive strength
of a regular concrete a the age of 28 days. (see Fig, 2)

Figure 2.fRé1ationship betweeq,water-cemeht ratio and
compressive strength of a regular concrete

'~ 150

Kg/cm?
. ..
o
S

Compressive Stréngph‘

1.0 1.5 2,0

Water—-cement ratio
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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 s&s that required for the same standard Wo.
of concrete which has beeen mixed with plasticizeérs, as
shown in table 15. .

Table 15, Compa“isbn Ee%Ween the Quan;ity of Cement
Required for & Regular Concrete and.that Required for -
_ . Concrete Hixed with Plaaticizers»- ‘ ,

.-Reguiaf Contrete Concrece Mixed with Plas-

‘Stéhdard . - tlelzers:
- 'No - . -Water- . Cement e : '
. of - cement Required Names = .THGQuantity
Concrete .. ratios Kg/mo> . ‘of : Percent
Plastibizers L
153 - 0.617 263 f”, R1ce~sta1k‘;, 0,05
: ~ o Waste liquor .
152,5 ‘0.617 263 - of reed - 0.20
1137.8 " 0.65 - 249 . Sunflower 0,10
123.1 0.697 233 Pine-leaf . 0.05

“_Concrete Mixed with _Plastic¢izers ~Redqg£ibn of Cement

| water—cement Cement §equired . Keg/m3 _Pefcentvﬁ

‘ratios o Kg m
_ 2 0{65’ o | - a36 - | '7'27 ""1'-0'03’
0i65 231 B2 42,2
0.65 236 +13 45,2

0,65 236 -3 «1.3
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The economic efficacy is showp in table 16.,:. ”@,"“
Tahle 16. Estimated Reductlon of Expense per Cubic-

Meter of Concrete )

Nemeg of Plas gizers Liquor flower Pinbrleaf“ﬂiceestalk
of Reed = =~ T '
Reduc~ - Cement  Kilo- 37 13 -3, 27,
tion Unit Cogt grams . -~ 0,1 0.1 .. 0.l 0.1
" Total Cost Yuan/ 352 1.3 4003 247
Expense LR Kg Yuan o e

9‘?Vege- dmount. Kg e gt 182 Y28
L " table Uﬂiz. Yuge/ R : C :
n- - - -ingre-~. cos gc - 0,075 0,075 .+ . 0,079 -
~ . dients Total .. .. e 5;,‘ £ =075
L cost” yuan ST L 70034 70,136 0.188
crease

. Fu- Amount~”Kg-f*" - .. 0,454  0.182 0425

. sed Unit XYuan/ e R e

of = Alka- cost, Kg. =~ . 0,6 - 0.6 046
11 Total = =+ =~ - S R
) cost.‘?Xuap e 9.27 - 04109 ;_0.;5

“Fuel -dmount -Kg - = .« 4,54 - 1,8° - -2.5
ex- . .. Unit luan/ o n L e T
. \Cost’ Kg S E 0.023 " 0;023 0.023
Total e
cost' " Yuan " LT 'D,104 - 0,0410 0,058

pense . Wages .- - ~duan - e 008~ - 0620 0,22
CTOTAL 0,156 1,114 0,386 * ‘0.616
Profit and Ioss +3,04 #0,19 =0.69 42,08
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Notes (1) The expense for hydrochloric asid, which 18
: only 5: a0’ POP. cubic meten_of,concrete. 18 .
negligible. ‘g¢. SN . '

(2) Waste liquor of reed 1s a by=-product of paper
manufacture, Its unit cost is very low and
1s assumed to be 15 yuan per ton (1nclud1ng
transportation fee); -

(3) The expense: for manufacturlng the plaaticizers
1s estimated for small seple production.

-(VII) P}é1iﬁiﬁér§(cgnéluéisnpgg‘51}:’;‘?f7;* cg

(1) The solutions pyoduced by boiling some planta with
NaOH may have:plasticizing effectd on concrete and.ean: be .
used as plasticizers, If the materials are suitable, the.,
amount of cement required can be reduced and it 15. there~
fore, an: economical technique. Dot

(2) The most ravorable amount of plasticizer used variea
wlth ‘the plasticizers as well as with-the cement. . As-re~. .
sults of the tests; the most-favorable amounts of various
plasticizers for No 400 sillcate cement manufactured: by .-
the Cement Factory of china are shown 1n table 17.

(3) The maximum amount of plaaticizers ueed should not
be over 0,2 percenti.  Too muchimay hot., only cause: a great
reduction of conecrete atrength but also influence concrete
stability. : o .

(4) Plasticizera are very ravorable to the~durab111ty’
of concrete.r:" ;- Nl . A

?able 17

'-s

Names of Plaaticizers - ’ Most favorable amount

wastesliquer‘of»reed

~ Sunflower product’ ;,jﬁfﬂ~'aj REPRIE ¢ S
Pihe-leaf: produet:: . - ol

.. Riee=stalk. productyi: = .= rwnr 0w

29,




, }'tiAN'ANALYSISbe'THEﬂTURBULENT*WATER3(KUN~SHUI)a
CONDITIONS OF THE FU HO, KIANGSI, GHIAO-MIEN TURBULENT WATER

EARTH DAM" 'i-

- [The folldWing consists gf an excerbt of an article . _
written by Kung T'un -fu,yéﬁpéar1ngtin“thefShui*li Shul-~

}

~__tlen Chien-she, No 17, 3eptémber 1959, pages 26-35.]

dince the beginning of thie great leap forward, duch
cement and steel has been required to build ¥arious struc-
tures, such as diversion dats,;  turbulent channls, and over=
flow spillways for the multi-purpose pattern of our water
wgonsérvation sjstém. To save such materlals there is a
'arend toward building a new type dam;the overflow earth
" i . The design of such a néw*type_wlll“result'in’great'-,
economies., If there is natlon-wide use of this new. type
dam for irrigation and hydroelectric power work, con~

" . gtruction expenditures can be reduced and cement and steel,

- the lnadequacy of which 1s painfully apparent, can be
saved as well. '~ -~ o L :

However, information about this type dam and ‘the fac~
tors involved in 1te constructlon 1is thus far very scant.
'iDeeper'andfwidgr*lnquirxesjof'its problems remailn to be

‘mad'e. A G R I L - '

This article introduces the Kan-fu Plaln aggregate -
development project 1n connection with a project for a
turbulent<water‘barth“ddm;’ The deésign of the dam, 1ts
construction and ites condition of water turbulence are
all included. It 1s the hope of the writer that thls ar-
ticle may be a useful reference work for future deslgners
of such dams.

..Kan=fu.plain. 1s the 8ite on which the largest saggre-
gate project of irrigation in Kiangsl has been developed.
This project benefits the entire region, consisting of
the metropolitan area of Nan-ch’ang and its vieinity,
Feng-ch'eng Hslen, Chin-hsien Helen, and: Lin-ch'uan Hslen.
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The XKan-fu plain is the largest pl&in in X

langsi,

It 1s situated on the lower valley of the Fu Ho.. A

great dam of the Kan Chiang. is. to.-thewest of

“1t, Ch'ing-

lan Hu to, the eastfghd:?fbéyanggHurt@¢thé?ﬁorph;gqu_z,_-
coverg,gp.areazof-abbﬁt'2;000 square  kilometera, and
has a cultivated area of 1,850,000 mou and a population

of 1.1 milllon.

;ﬂBéiﬁgf;?hub}offfaliwajéiéﬁﬁfﬁigﬁﬁéysjs%

Mo ‘Kan-fu . . -

plain possesses a ‘great many,gpddilbéatléﬁs~rdr,;nduqe¢;
trial plants, - It 48 'a major politicaly economic, com=

- -

. ’ 3
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“#unications, cultural; industrial, and agricultural cen-
ter of our 'OOun‘?’!‘Yf et e e IR TR Ve

15 'The'turbulent water’ earth.dam is a ‘wost ‘Tecent &
type of dam- to be used in;bugihydroelectriq‘pdwer enter- :

prisgb,j,Acgorﬁing‘to.the'hxpgriment‘conductgdjbqun'ing-a
hua University, -1t is categbrigally.ﬁeliable;';Frqm‘the.¢:

planning to the construction Work, as: well as

the condi= "~

tion of . water- turbulence ot this large dam, the results

nave also glven a confirmation of its merit. . -

Its merit is-gufficierit’to warrant great d
This ‘large-sized dam we ‘Bullt has been succes

jected to -a hydraullc qui,v;mhegtestvindicat

evelopment.
sfylly :sub=
ed ‘that this-:

type or"damfcaanéfu%éaﬁgsgégs;ructuﬁe"fbrﬁ&arfying off . .

flood water: or the Water-of a reservolr, - Und
conditions the more ‘expensive const¥netlon of
spillways can theysforgﬁbe:obsolete;:u ERALAR

er certaln
,overflovw :.

2. fie have had fuch practice in-constructing the . .
Ghiao-mipniéfcssartverﬁchannél dam, -a turbulént water type.: :

The results of such practice have indlcated 't

sized dam of -this:kind is not only efficlent

hat a large=- -
in cearrying

off a probablé flood but can also be put permapently. . °

under water. -

In this way; -1te ability 'to. guide the tund

ulent Water .. .

directlﬁfghomsxhej¢1v§§ td;§§é'1¢nigatedgldn&§Y;a;gp§¢¢~;gﬁ;ﬁ

TP EATIT
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questionable. A new way cf eaving cement and 1ron for
use in the construction of hydroelectric power works'
has thus been dlscovered. S

D, If the dam 1s- put permenently under water the
apron and the inverted filters aldng the downstream edge i
of the dam should be: carefully dedigned, The continuous
sissipation of energy -[of tHe ‘discharge] ‘on ‘the. downgtreem
side should be also carefuily calculated. S

The caleulation of hydraulic force on' the dowhstream
side of this dam indicated that there was no skthump.r»~-
The design of the downstream side was, therefore; relative~
1y simple. In additioh; the bed of the river was found
to be a rock ferma*ions

4, 1If a eross-river-channel dam of the turbulent
water type 1s to be put under water permanently, and 1f
the sand content of the upstream 1s great, No 110 concrete
should be used for the dam crest as well as for its face
plates. If both the sand content ‘and the stream capa~ .
e¢lty per unit width are not great, the standard of con~
crete may be lowered to between No 90 and No T70; the =»
ggme faces may even be made of cement-lime mortar or

me. ' S :

Recently we have designed an overflow embankment which
will be built of cement»lime mortaro _

5. The size ef eech concrete block for the faces o
of ‘the’Chiao~mlen dam 1s relatively large—-five by five -
meters.~ The thicknees is 20 centimeters, : ,

In the examination peper of Chin-hua University, the -
formule used for calculating the strength of the face
of a dam 1s a formula for a cantilever with a slope of
six horizontal to one vertical., We did not use thls
‘method to calculate the strength of the cencrete faces
of" the Chiao-mien dam. ; ‘

The ‘faces -of chieo-mien dam were aseumed to form one
flexible flat beam. In this way when the thickness of-
the concrete blocks 1s kept constant, the size of each
block ‘can be relatively large. The 1arge size of each
block:not only facilitatés construction work but also™
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lessens the numberf:’

fdoints between the. adjacent blocks.

No crack of the- facea or therdam has devgloped al-
though the dam has been subjected to torrents many times.
Therefore, the practical method presented above represents
a rational way of calculatins the surength of dams having
a heisht of lO to 15 meters IS R
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- . TEN YEARS®: ACCOMPLISHMENTS -
IN WATER CONSERVATION AND ELECTRIC
-~ POWER ‘CONSTRUCTION IN' SHANSI

[This 18 & transiation of parts I, II, and III of
an article prepared by the Water Conservancy Engineering
Bureau of the Shansl Provineial Department of Agricul-
ture and Construction, appéaring in Shul-ll Shuil=tlen
Ghiensshé, No 18, 26 September 1959, pages 18+20.]

As we welcome with enthusidsm the coming of the
tenth anniversary of the founding of the state; the people
who are fighting at Fen Ho, Su~shul Ho, Chang Ho, and the
various water conservation and hydroelectric work gites
are pleasantly and tensely laboring to welcome the
great festival. They are contributing to the national
day with practical acts.

The hydrologic, surveylng, geological, and designing
workers busy in such places as Wen-yu Ho, San§~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 constructlon, 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 1ln water
conservatlion 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
libveration?
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Before the liberation the foundation of water conaer=
vancy -construgtion in our. province was extremely weak. - ..
There wgs not a single hydroelectric power station in.
the whole.province. ..At that time the .whole provinoe had
an area of only 3, 680,000 mou.of land irrigated . by
well vater, natural fountains and - floods.;tﬁﬂi

This constituted six percent of- all cultivated land: 1n
the whole province. These, 1rrigation facilities weére, .,
moreover,.all located. in.a small number-of looalitiee on
the banks of Fen Ho and Hu-t 0 Ho. R R

Even these limited 1rrigation facilitles were gqwned by
the bureaucrats and the landlords. - Moreover damage .from. -
war led to these.facilities being in a state of bad re~.
pair. . Only a 1little ‘more than two million mou-of land . ...
actually had acoess to lrrigation facilitiee. oy
- As a result our province auffered regularly from
drought. - Very often we could not sow. in the .8pring be=-
dause. of the lack of rain, weé could not preserve the =~ .
seedlinga in the. aummsr,,and‘weﬁcould not’ reap & harvest
1n the. autumn.rg; o TR e T e ‘

Accordingly, Shansl wae spoken of as gn area where,,
"there is a drought in nine out of téh years,".and” '
where "there 13 a drought in the spring and waterlosging
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 11 was.gcorgched,. Families were separated, .People
even fed on, one. another.; Conditions werse . extraordlnarily
trasic. Ty . . SR .

Before the liberation the province aot. only aufrered
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..yThé'
lower reaches of .the rivers silted and no ‘eontrol. facili-.
ties were provided.

As a result each serlous downpour of rain led to sreat
floods from the mountain torrents. which produced 5reat
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calamities.: Flobds’not;only;inundated‘cultivated fields,
but elso led tojloés‘chlife;xfThusjialong*the*banks of -
Fen Ho therefwas*c1rculated~theffolk-song:;:Vlnjtheiday"
the draft cattle worked the good fields; in the night
the floods came and the land was:lald waste." .= . -

. In 1913 the Fen Ho breached its dikes at- T'al-yuan,
inundating more ‘than 1.6 million mou of feérmland, af-
fecting moré than 380 villages) and causing the most .
terrible damage. o SR e T

~ Because the calamities of @rought #nd flood webs,
frequent, the production and livelilood of the working
people had no protectlon. - In those days the 6lder.
people always taught the younget people by these words:
'Every year take precautions against drought. “Every R

night take precautions agaiust the wolf."

. Even now the older:people still have fresh mempries of
the past calamlities of drought and flood, It 1s therefore
not difficult to understand why water conservation con=
struction developed so: rapidly after the liberation;
1t 1s not difficult to appreclate the saylng that "water
conservancy 1s the life line of agriculture, and water is

the blood of ‘thé crops,"

II.

- Drought ‘1s the greatest enemy of .agricultural pro-
duection in'our‘pnovindé;',Without‘waterﬂthere,WIll be no
food grain, Thus victory over drought is the urgent hope
of the people of the whole province. After the liberatlon
the Party and the government immedidtely grasped this
link in production increase. It was ‘the time of the re-
storation of the national economy. - Conditions were very
difficult for all7undértakingé;ibutfthe»state‘exerted»“

very great effort3at~water-conserVancy-go@atfgetion. 

On the one hand we restored, reorgénized, reconstructed,

‘and expanded the original water conservation facilities

and actively developed small-sized water conservaney. .-
projects which cost little and brought immense beneflts.
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On the other hand we started on medium sized water con- ..

servancy projects. .

AS ‘early as 1949, when the bandit Yen was still oo~

cupying T'ai-yuan, the original North China People's

Government had dispatched a surveying corps to-investi- ..
gate and survey the irrigation projects at Hu-t'o Ho and.
Hslao Ho. Soon aftérward in 1950, the former Ministry
of Water Cohservancy brganized the .inspection and the
guldance of the work by Soviet ekpert Comradée Pu-ko-fu . -
and others on the dams for Hu=t'o Ho .and ‘Hslho Hos

. S v A S S R P T
“At thdt time we started the cohstruction bf the two .
modern wdater conservancy projeécts in' our protificel They -
were completed in 1951 and 1952 pespectively, - in 1950
we alsé reconstructéd:the Arrigation facilitles of Sang-.
kan Ho and reconstructed and expanded the irrigation
faclilities of Hun Ho. S

As we entered the perlod of the First Five-Year Flan -
for the Devele«pment of the National Economy, we started .
a planned mmovement for the:development of water conser-
vancy in several major areas. . e .

During the five-year period we comstructed 217,000
small engineering projects and completed 47 water conser=~
vancy projects of larger slzes. These projects greatly

promoted the development of agricultural production at

the time. They began to bring about a transformation of
the natural faces of thelr respective areas. -

In 1958 Wwe entered the period of theusédondfFivéeYear

Plan. - This was a year of the greatest significance in

the history of water conservancy and hydroelectric

. gonstruction in our province.. The Provincial Committee ..

sent out toe call to fight hard for three years to change
the face of the entlre province. . TR R

'"Thelﬁeople<of thefwhole province;respdnded.‘*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‘poibring out the water from underground. . - ..
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The people fought hard inithe severe winter, They .. ..

battled the ralny sesson, In:addition to completing large
number"*p:%pmallﬂhizé¢~watgg;Qonserwancypprajegts,ntney_
also cgmpré%éd*1llfmargar.watérgconsenvancy;proJecta‘~.».

(somé’ not’ fully completsd). “These projecte: involved 40 0

milIidnfﬁublc“méters'dfmeartﬁ;and:atannganva:The-fd114f

complétivitof thede projects will provide drrigation.. .
facilities ‘for 2,220,000 mow of lande .  .:io-,l -,
P R R S S DR S

These prbjscts include the followlngs . the Hun-yusd ..

Tang-yu Po-kung~-pa Reservolr with dams 64 mete#s high;
the;HuifHd"Raservoirfwithﬁafwater;eonservatién;capacity,

of 75 million ‘cublc ‘meters; the Hung-chao July First ... ..
Cangl;;lSQﬂkilqmetéraflongwand,conducting water up .the ... =
area;'the"mountaiﬁfcangiﬁ&tanélanﬁyen@;Ping-shqp,; e
built on a 'high preclpice;:and the Tunechiaﬂ%FAU5u$trzj?,;[
First Reservoir and Wu-chal Nan-feng. Reservd ¥ bhoth .con="
structed with the cooperation of the military and civi-
lian populations, = : = R P

' All”tﬁéééfﬁfbjeétsfhavebﬁeen#giggntic'and!diffipu;t;;-”f
but they all have been conquered- by the strength and . . |
wisdom of the broad masses of the people. It is truly a
caae_pf‘making#ﬂth@?mountainsfbbwztheiraheads,and,the :
waters give way." Tt e e g

.The big leap forward ln weter conservancy constructlon |
in 1958 -ahd the realization of communalization through= ' '
out the provinceilaidﬁsound-foundatiqns_1dgp;bg;qdlli. i
organizationally, and materlally for the construction of
large*51Zéd,Waterqconaé?vancyvprojeqtsjinwpur.prqvincq,
on a Iafgdffé@alé;*'f%tfaww; T I

' Accordingly in 1959 wateér conservancy  and hydroelectric
‘econstructlion ‘has cortlnued to: leap forwakd, .The .large '
reservolr of the Fen Ho =-- to:which we ‘have looked for- .
ward for a long time -- will start to retain the flood '~
waters and to couserve water durling the .year.. -... . .-

" “le have also ‘Succeeded ' in the method of building high
dems’ (40-meters) by pourlng earth -inio the water, .We .. .
nave also developed on-a-large scale the Wwork of harnessw,
ing the Su-shuil Ho and the Chang Ho basin in the Tai~
hang Shan area, both of whilch have been scenes of repeated
calamities. In addition many engineering projecis are
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elready under construction, while many more are being .
prepared. ' S T R | 8

o

i

 During the past ten years, we’ﬁﬁye“not‘onlg completed
many enginedring projedts but also. in the course of our
actudl. struggle built up a technical force and gradually
arrived at a cléar understanding of the policy for- - ‘
water conservation. S o '

Water conservancy work has c¢hanged from a former situa-
tion in which we feared the water and paid major atten=-
tion to draining water to a nevw one in which we love the
water and ‘pay major attention to conserving it. - The

former situation in which offlclal projects predominated

in the water consérvancy field has been changed to the
present situation in which the masses carry out the
major share of the water conservancy work. - I

From arrangements for single .projocts we have progressed
to attention to whole river basins and to the systematic
planning of meny projects, covering the plains and the .
mountaln areas and seeking the overall baslc harnesslng
of the waters. L S : ~ o

" From seeking simple uses of the water, we have developed

to the stage where we are undertaking the comprehensive

utilization of the water. Irrigatlon 1s the basic.con-
slderatlion, but also included are flood preventlon, power
generatlion, navigatlon'and piscilculturs. Lo

From the exploitatlion of single sources of water supply
we have progressed to.the combined utilization and re-~ -
gulatlon of water sources both on the ground and under-
ground.,. The people ln their actual practice have mastered
the laws governing the above mentioned activities. - :

.. During the ten year perlod the state has helped with
investments and losns totaling 210 milllon yuan-and - ..
Soviet experts have given guldance in advanced technlques.
Thus our province has made unprecedentedly great achleve-
ments in all aspects of water conservancy and hydro~
electric comstructlon. L 1
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During the pest 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,sizedfprgfpcﬁﬁ ééhtiqned,aboté
involved 83.5 million cublc meters.af éarth and stone. . -
work,: -The projects expanded and 4improved irrigation.

B

facilities for an area of 7,340,000 mowy and provided a .
water conservation capacity of G40 milllen/cyble meters, .

~... -Among:these, projects with dams more than.25 meters
high or :with a water conservation capacity of -more than; .
10-million -cuhic meters include the following: .the re= .
constructionfof:the~se¢end;andgthird%dams-afJFqn;ﬂq;gtheﬁ
dredging and-coustruction:ef .the water coursges. of.Hslao .-
Ho,Hu=t'o Ho, Sang~kan Ho, Hun-Ho, -Yu Ho, Yang-wu Ho, -
Tse-yuan Canal;-Hslang~fen "1,eap Forward! Canal,.and ... -
Hung-tung "July.First” Ganal; the construction of .the. . ..
reservoirs of Fen Ho at Hsia-shih-chla-chuang, Hul Ho -
JwatrHou*ma:Shih,unngﬂchiangﬁatLChang-chib-Shih,xxang—po

 at 'Lin: Helen, Nan-feng at:Wu-chail, Tazu-llang at Shan-yin:
Chén; ‘Kuo~pao: at:Tais=ku, ‘Ti-shui-yen at Tsg-yun, Hous. . -
chuang-at Fan-chih, Chao-chla=k'ou'at Shuo Hslen, Shen-
ts'un at Chang-chih, Hel-pao at Hu-kuan, Tu=chla-ho,.: -
Yueh-ling~shan at Ch'in Hsien, and Hsia-pel-ll.

- The:construction of ‘these large and med ium sized .water
conservancy projectsahas,iedato:therﬁontrolgefgwater;ug;;
sources - over large. areas and -has, provided greater capa=: .
city for the conservation}andwregulatipnvof,water;supply.
It has guaranteed the irrigation of farmland in the dry
geason .and- thus played a'decislve~rolevin;phevtrans— ;
formation.of the:water supply situation of a,whole river.
basin.. ' . i oo e aE D e e

The Fen Ho Reservoir is the largest. .On. itg full . -
completion, it will exercise control over an area of -
5,300. square. kilometers on- the upper reaches of the ri-
ver anil:have a water conservation.capaclty.of 700 milllon

. cuble meters; It will basically remowe the. threat of
the Fen Ho flooding the T'ai-yuan Municipallty, reduce ..
the calamities produced by fiocods in the Central Shangl .
basin, and guarantee'the‘timely'andgadgquatqjLnrisaxionfg

61




of 1.3 million mow of farmland in central shansi..In ..
addition it will supply;water_ror‘the‘industpial,and-cog-
sumption needs of the T'ai-yuan wfunicipality.: .=

Turthermore, a hydroelectrit power statlon with a
capacity of 9,000 Lilowatts will be constructed at the
Fen Ho reservoir, This powér plant will be ‘linked -
with the electri¢ power network of T'ai-yuan so that .
thermal power and hydroélectric power will supplement
each other. The rural areas in the neighborhood will
be electrified. .. | A

In 1959 simultaneous with the battle in the north
azainst Fen Ho, we are also carrying out the "southern .
expedition against su-shul Ho. The harnessing of the
fivers in this area had started in 1950, but at the time
we only attended to the prevention of flood and the
drainage of waterlogglng. . = . A L

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 drairage. 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 Liang and Yu wang reser-
voirs., Wwe are at present constructing the Shang ida, .

Lu Chuang and other reservoirs. We are also-carrying

out desizns for the whole basin., These include plans
for' soil preservation snd afforestation in the upper
reaches, arrangements for the major. projects of the
trunk water courses, improved utilizatlon of low lying
and alkaline land, for the high altitude irrigation
project to conduct the waters of the Yellow kiver to
the area, for the su-shul embankment and drainage pro-
ject connected with the San-men Gorge Reservoir, and

~, for--the development and utilization of underground wa=-

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- '
ph:tetwill come up to 70 percent of the total national
OULPUT,
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At tﬁé‘séma}%iﬁe?wé?spélIgd%fiﬁiﬁély{bréserve'%he?salté‘
sea of Yun-cheng,’a‘baée”for“the*chemiCalAihdustryfwfthuﬁw.
its large putput of salt. Furthermore, the Tung-pu Rail- '
way will be sparedffrém'inuﬁdat~onwiurjnggthe:flood:seé-
son., * - - I R PRV e R Doy

The' completion of all the’ profects will. also. provide .-
irrigatibn~fadilitiés*fOrunearly~twb;million mou: of . farm-
land;’ five- million mou cf farmland will be freed: from the:
threat of floods; and 500,000 mou of alkaline soll:may: -
be gradually improved ahd utilized. o

Fiirthermore, after the conservation of water, we may:.
alsb:devglop"piscioulture, électric -power generationg .. .-

and“néVigatibp;gangfthus~bping-gbod;fbrtunerto}the people.
of the entire basin. -~ - B T N A

During the past ten years we have earnestly and
thoro gh1y*impleﬁentéa,thé?brindipleSaof Wpreparedness
agaihSt'calamityﬂaﬁ&*paying“gréatérfattentiOn to. . pres ...
vention*thaniemergéhcyireliéfvmeasures;"'anditheepolicy~;
of combining flbbd‘prevention-With-irrigation promotion.:
Wie have completed more than 150,000 flood prevention and
drainage projects of a mass nature and have given protec-
tion to 149 cities and tQWns;wl,845ivillagés;land*more\
tnan'lglmillion‘mpu-ofﬁlanqu;m A

we have carried 6htjthe.dfedgingﬁand‘harnessing;offsuoh
key rivers ‘as-lién-yu-Ho, su-ghul HogYu~yu Ho, -and Léo-.
jung-ngal;fﬁWe*hav%53t£engtﬁened~theaémbankments1cfuthet
Fen HQ*at*Tﬁéifyuaﬁ_duhiqipality.and-the-Taouﬁb-atexangwr
chuan ﬁuqicipality;Tandxweﬁhave*carriad out flood pre=: i’
ventiqnipfﬁjedts;ét¢Ta¥Jenayu&k'0u,iLin5~shih~ehengékuén,
henushuiJhsifshé;1and5T§o~¢huan&ma5tién£rxv A R

simultaneous vitth the harrnessing of the major rivers, .
we have also censtructed fldod -prevention projects on the
side of the mountains at Tailyuan Municipality, Tatung lduni-
cipality, and Chang-chih Municipality. Wie have thus raised
the flood:prevention andelcod»wate:Adrainage;standards.of
the:piyersﬁén&'pﬁevanxédhgldoding:byrmountainntcrrents;:thus
guarantééing:industniéibandfmunicipal construction . in: the
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‘We have also .developed education among the broad
masses on the prevention of the danger from mountalin® -
torrents.. Our province has seen a marked decrease 1ln
such calamities as the.lendslides and the collapse of
kilns in the extensive rural areas in the mountainous
districts. - - - . S o

.. Simulteneous with the large scale development 'of wa-
ter conséprvancy projedts, our province has also regis-
tered great developmetit' in the rural areas in the Tleld’
of hydroelectricity. ' o CoTe T

" :%0In 1955 the first hydroelectric power station in our
province was coustructed--the Ming-chiang Hydroelectric

.. Power. ''Statlon et Hung-tung. ‘Since then a total of 113
. hydroelectric power plants have been constructed in the

pural areas of the proviace, with a total generating ca-
pacity of 2,449 kilowatts.,.. ~ . TR T

“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 kllowatts,
and they include those of Kuang=-ling-shen~tang, Plng-
ting-niang-tzu=-kuan, Shan-yin-chen~tzu-liang, and Chih=~
heiu~hung=-shan, Co ,

The construction of these electricity plants and ‘power
' stations has provided cheap electrlelty and power for the
“'development ‘of irrigation at high aititudes, flour nmilling,

" o1l pressing, processing operations of agricultural slde-

1;né-undertakings.'lighting,for’the,rural'areasgfand for
16cal industries such as lron smelting and tlmber proces-
sing. : , Lo S

-+ The hydroelectric plant at Shih-ts‘un, Hung-tung Hsien,
“has a capacity of 38 kilowatts. From September to the
end of 1958, a perlod of three months, the plant was res-
ponsible for the ginming of 700,000 chin of cotton and the
milling of 420,000 chin of flour. T

~ Thls economlzed 13,675 man-days and 2,615 head-days
(of ‘animal power), The income and the savings together

totalled 21,800 yuan, vhlch 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 small and the benefits

huge@_HQng—tung;Hsign:1n 1958,brbusht forward the slogan
~-.oft the d§Velopm§nt“pf-electrigity:byaallhthe“péﬁplp;“{

VfF-THe;pédﬁle_bf{the1th}§th&en'exerted*effofbs,?manufac-_
. tured thelr-own elecpﬁiggty,ggnerating‘maéhlnery} pro=.

" . paved-thei

«2"5'the:bgauﬁiﬁul’fﬁtufeﬁéf_buildingisacialismﬁi
.o apeaBs U T CrrnloLnen

 own capital, and procured their owWwn raw
materials. They have now constructed 37 hy@roeleqtric ,
plants,: generatling Al§§5~kilowa;psqzand?54ipQWér.stations;

- dueed thelr own;adcbssor;gs4and_tools-fbr-prbgsgsins,

. .With' a-total

of 1,222 °hors epower;. wThey Devn untalded
n the rural

We have atpaingdugnéh,épeed7inﬁhydﬁoeléét£ia Qé?elop-

i s/ment principally bécadse wa 2876 thoroughly ‘implemented
‘"“bhéfﬁdlicyfofgﬁpayihg;mgjqr~&$tention'to“smarl'sized

. projectsdy

- priority to power béfdre electn1c1fy;”ﬁfvwa;

apd'givins

“ mhklﬁg[theupéoplefﬁzcommune§'updeftakégthe,major

D ot making production the. major objective,

We have furtber)gdgpyeﬁjthe;poliéy*bf*féliéhge;on the

ymééés;*bregking;dbynﬁsupepspimign,_ﬂrawingPSupplies}

: Trom‘lqcaljsourpeg}“uéipgfboth nativéAaﬁd«foreigntmethods,
xu@gd-walkingﬁggﬂpwo”légég Gl T T

i G'As:thé‘fésult‘df'thézdévelopment:by=a11ﬁﬁhe”péople of
- pro jects for generating electirlcity, we have discarded
the supepsyitlpgs,viewPointiwnieh»attachedﬁmyqtgry'to

. Lelectricity;‘.We?géﬂgmanufacture;ourselves?natiye?elec-
%ﬁtricity=générating[macnineg;;smallﬂ31zed'Watér turbines

“v;and‘such hydrge1e¢tr1g“equipment,upMonegpéoplé'HaVQ»mas-

i tered’hydrdelbbtrid'te@hniqugsal JnuHungbﬁung“Hsien;ﬂ

. Ynere 18 the Red Scarf Hydroelectric: Plant’which has
: Lf”beén*built'by’bhildren¢; R

- During theﬁpégb;ﬁgn;yéans;u1ngthebcouréb?cff6§r‘com-
~»plétion”0f1variops'wa;srgcqngerVEHCy_projécthfour pro-

. vinece has adcumulated rich datavon:baaieitéskéﬂygiatimg

Tta’invést;gating;éﬁd‘gurvgying;water-¢qﬂservancY:proJects,
~rdésigning, geologlcalggurveys,fand'hyarolbgical"étu-'
dies. ' o o . U

Y

o Id aesigning we Whave carried out designs “for whole

”‘:basiné‘fdr'165majorfriyersj;1ncluding?EenQHb5_Sphg?kan

Ho;‘ﬁqwt*Oij,_Chingméhgngrﬁo,;Gh?ianongsihﬂéhﬂi’Ho,
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.21000,000, -

. T e T

gnd Su-shul Ho. The area covered by these desings totals
135,000, squars kilometers, constituting 86 percent of the

_..total area of the province.

| iﬁqéﬁfééying"éﬁd-éaftogréthQ Wéfhéve c6m§1étbd7topo-
graphical surveys of 16,400 squiare kilcmeters, linear

>'surveys of 128,324 square klloémeters, and general soll

surveys of 18,300 square k lomaeters of the scale of 1/

;Regqfdinglﬁhefinfésﬁigatioﬁ.dﬂ underground water

éou?cesjdﬁéfbfé,lQSB we had carriedgogt;théﬁgnveéti atlion
and survéyifig of water sources in the cities of T'al-yuan,

- Pa=~tung end Chang-chihs The work has given effective

. -support %o .the industridl development of thede cltles.

Ve have7aisoiaéhiéﬁed many results in geologlcal sur-

A»zveylng,_spil experimentation, and so0ill analysie.

: ﬁydrolbgiéai,bbééfﬁaﬂiénfisithé'§énguard“cf_wateﬁ dbns

gervancy constructlon.. .During the early period of the

E 1iberationg'bur_provihce}hadlonly'one'hydrologicgl'station.
 Today the province has»constrnctéd'68,stations,for the

measurement of waterflow;_jll.rainagauge stations, and
elght stations for experiment on eross currents, Hydro-

. loglcal observation statlons are scattered over practic-
- ally all the rivers of the province, ‘

. The data from obaervasions aﬁd.analyses;médevby”such,
stations are supplled to. industrial and mining enter- -

- prises_and;gitieS‘and'communicatlons'enterprises of>the
© province. We have also achieved gocd results in the

utilization of these observation statlions for the fore-
casting of floods and droughts. They have played a
great role in flood preventlon and drought preventlon in
the province. ' o

Dufing the past ten years, through our practical ef=-
forts at water conservancy construction, scientific and

. technical levels in the water conservancy field 1in our -

province have been greatly ralsed.

We have also wany achievements in this conhéction.

AThey ineclude designlng and planuing of irrigation areas,

improvement of alkaline land, dam constructlon by pouring

66



“earth Atto the water; dam ponstiiietion with guided ox=
plosions, oxygen’explbsioﬁ;“éud”thé\éohstnuction~qf=re~,
‘gervoirs with different types ‘of" daums, = He have. accumu~
Tated rich:experiences in these flelds.: o

, eﬁﬁH,“ﬁeseréairzﬁeaused;the.mephod
of -pouring: éarth into the water ‘and successfully bullt
an earthen flood rstention dam L0 mebers highe - It 18 °
one of the tallest dams 11 4“he whole world to be con=~ |
structed by this methcd. The experience gained will

“contribute greatly to. designing theory for this dam

‘1 constructing the.

' “‘construction method.

-+ In-fostering. technical personnel. during tHé.pégg*téh,
_years, the state has pesorted t6 suct measures as train-
"1ng-ﬁhem:inwschgo;sland‘sgnding cadres for advaiiced studies,

As a result the teqﬁh;ggl*fbrqévaiour*provincg'hgs greatly

_ . expanded. At the tims of* the liberation we had gnly a few

more than 40 techniclans, Today there are already 750

‘watericanbervancywteghpﬁﬁalfch&resvof~aﬂmadiupzlevel and

" “ﬁqbpvejln-onr»provlpce;l;infgdditipnfWe«havégalpputrgined
‘more ‘than 50,000 peasants as techniclans in water ‘conser-

_vansy andfhydroelectriQ‘ﬁrﬁjéCtsjthroughzthefopération

_ . of training courses and practical*sﬁudies-atwthe work
‘-aites, -They are now gapable of taklng up one .or .more
_technical tasks connected with' surveying, prospecting,

. .actual vork, machine bpération,:and.electriqa; operation.
[Throughftheﬂexpansdon,andﬂeonsoliéation;of‘our‘technical
,forcé;fandz%hrgughgthgﬁaccumulaxichfand‘enrichmgnt of wa-
“ten'GQﬁServancy~knpwlbdgepyear'aftérayear;,weﬂhaygtatep
"by'step‘understood;gndfmaspered'ﬁhe~6bjeqt1wg.laWs[of

natur.a_e". e :, T : o ~ A S ISR o o .

67




. GREAT ACCOMPLISHMENTS IN WATER |
- GONSERVATION ‘CONSTRUGTION:IN e
HEILUNGKIANG IN-THE PAST TEN IEARS L

[Thie is a translation of an’ av 1ole written by LI
Chi~ch' eng, . Director of the Ministry of Water COnservancy
of Heilungkiang ‘Province. The article appears.in Shui-
éi gguﬁwtieh Ghien-she; No 18 26 SGptember l959a Pages N

3" . S, .

Water coneewvaujon construction 1n our province has °
registered brilliant achievements in the various. fields of
farinland irrigation; flood prevention,_control of. water-.
logging, soll perservation, and hydroelectric power de<" "
velopment in rural areas, This is the result of tén - o
years of development with three hightides in the course
of prcgrees-nﬂealized undepr -the' correct leadership of the
Central Coniplttee, the [Hellungklang] Pg ovincial Committee
of the Party, ‘and the Provinclal .People's Council; with = -
reliance on the 1eaoersh1p ‘of Party and government organs,
at different levels; and through the joint efforts of the
people of the whole province, e

During the past ten years, we. completed 900 .milllon .
cubic meters: of earth and ‘gtone.Work, . Large and.. small .
water.conservation: projects are. seattered over all’ areas
in.thé province. : These projects have manifested their :
great role in irrigation; filobdd. prevention,. control of
waterlogging, and resistance againsit drought.. -

During the ten«year period’ we successfully. overcame
three droughts and four floods, ‘The irrigated area was .
increased. by 800" ‘percent; and flood and drought cal amI-;;
ties Were reduced t¢o a marked. degree.. - We have oontinu~j;
a*ly ‘raised the volums of production and prnmoted the
rapid devélopment of agricultural production. :

In the field of farmland ‘irrigation, we have constructed
néarly . 6 000 reservolrs of:medium and swail sizes. . We have
created over 1,000 irrigation. areas; - dug over.4,500 kilo=
,meters of 1rriga+ion canals, constructed over 4 900 water-
course t0 conduct the flow of water,.and sunk over’ 130,600
wells, The exlsting irrigation focilities are capable of
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irrigating 15,130,000 mou of paddy flelds and dry flelds
(this year only 10,670,000 mou are irrigated because of
drought and shortage of water supply). This 1s elight
times the irrigation area developed during the 40 years
before liberation. This area of paddy fields 1s four

times that before.liberaticna E

" More important still is ‘the fact that, whereas in the
past only g small nuimber ©f peasants of Korean natlonality
worked paddy fieids, todby paddy filelds are extended all
over the province and are to be found in practically every
hsien. Even in the Hel Ho area norih of 48 degrees north
latitude; where the Japanese lmperiallsis had in the past
definitely stated paddy filelds could noct be cultivated,
such flelds are being exténsively developed, A good. . ..
foundation has thus been laid for the large scale deve~
lopment of paddy fields..- Sl PR

- Simulpaneousuwithpthezactiie“develqpment'of,paddy‘ -
flelds, beginning.in 1956 we.exerted all-out efforts in
the sinking of wells for the watering of flelds, After -
active efforts and a glgantic struggle, the area of -
watered flelds in the province has, at preaent, reached
7,340,000 mou, ’ L

Production increase has been marked. For example, in
the Big Bumper Harvest Administrative Area of the Hslen=
feng People’s Cowmune in An~-ta the output of wheat per
mou reached 303 chin after recelving benefits from irri- .
gation,’,Thefoutputgper.mouvfvbm,areas,without irrigation
benefits 1s only 70 chin, . LT

Production increasse experlences in different locall-
ties have proved that the irrlgatlon of dry flelds 1s not
only a basic measure to resiet drought, but is alsc an
imvortant means of productlon increase. Thele are innum=-

erable instances of the multiple increase of productlon
as the result of timely snd adequate irrigation, . '

. During the years 1958 and 1959 our province suffered

- gontinuously from serious droughts Under the leadership
of the Party the pecple of the whole province mobilized -
.all foraes which could be mobillzed,u%tilized all water
" sources which could be utilized, and develgped'large_sca;e

struggles againts drought. -

PUC
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In 1958 we watered and irrigated 12 million mou of
farmland, and in 1959 we. Arrigated more than 10 /million
mou of . farmland., Even uader the cqnditione of more. serious
calamities we guaranteed the realization .of the big 1eap
forWard of egricultural production 1ncreasea ‘

In the fields of impnovement of 1ow lying areas and
control of Waaerlogging, during the: past few years the
province: neWly construected; expanded or. restored to.good
repair. 3,800 kilometers of trunk and branch canals for -the
drainage of water, We gcbustructed. more than 200.larger:
8ized:’ ulverts and other structures... Ws also carried out
4 laprge volume of ‘engineering. projects in-the building of
réservoirs -afid dams and in the field of soil.preservation.
To . varying degreés’ damage trom. Waterlogging was reduced
and bumper ‘harvests secured over the 14 millibn mou of
‘Vfarmland throughout the province° , R L

In Hai-lun Hsien,wfo example, several hundred thou*~

“;usand mou of FTarmland Had in the past. "suffered from .a .

serious calamity in a héavy rainfall, -suffered froma .
minor calamity in ‘4 ‘small’ rainfall, and experienced water-
loggeng nine years out of ten. N CLTELT L :

After efforts in 1958 to dredge a network of- watere
ways and ‘to’ renair reservoirs on, the plains, waterlogging
was. basically el1 minated, - Sinee June of this year the -
‘area had' incessant rainfall; but. benause g.good Job was -
dcae’ in the control of waee~logg1ng, the crops . grew:luxuri-
antly, and there was a scene of a bumper harvest.

- In Shih-pa-li Tienetvu 1n Wu«chang Hoien, waterloggins
roccurred” every year, productJen VOlume was. low; and the-
masses Iived“in poverty. ' Béfore 1957,. the state had to-
subsldize the’ area with from 800 to 900 tons. of food=. .
gréain ‘each year, " In 1°58, water eoneervation projects: .
were ‘déveloped with vigor, and the low lying-land was.
convérted into paady fields,. . Immediate results were re=-.
ported, and “a bumpér harvest was achleved the same year.
Not only was state relief no more needed; but the -district
also sold to the state 230 tons of its surp us - grain.

Similar 1nstances have been nume*'ous0 During these
past years, we have had more successful experiences in our
fight against waterlogsins. They 1nc;ude the.repaira to _
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reservolrs on the plains, the dredging of networks of
water¢cuﬁsesgfandfthe-conveQSibhfgf"IowxlyingVIand»1ntoM .
paddy fleld.” We' have laid the good foundaticn. for our .
future efforts in the improvement of low lying land and.

the control of waterlooglng.

- In the field -of flood control and prevention, . durlng
_the past tén years the siste and the masses put up large
amounts of manpower, matsridl resources; and financial
resolrcés. Along the 72 Principal rivers of the, whole
provincenge'have'reétared;and,nery:conStructed dikes to
_the total length of @mdte than 4,300 kilomsters. We -
successfully fought %gaiﬁet four floods, in 1951, 1953,
1956 and 1957 respectively. - The flood in 1957 wag the ..
biggest since~hydralogical;records”were kéepbs _But-We
finally overcame this especially large flood, thatiks to
the leadershlp of the Central Committee and .the Provincial |
Committee [of the Party], the all-out support from fraternsl
provipces_ahd}municipalities”.and the hard struggle put
. .up by the people of the whole province. S ;

We safeguarded the extensive farmlend in urban and .-
rurzal areas and the 1llfe and prorty of the masses of the
peoplé, .and we achleved a great victory in the struggle
for the preventlon of the flocd. It was a brilliant page
in the history of our province. The broad masses of the
- people expressed unboundec grasitude to the Party and the
~ government. EE R P - N

We may, here review the flood of 1932, ‘under the rule
of the eneuy and the puppet reglme, At that time the water
level was lower than thai of 1957. The whole area of
Harbin was inundateds 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 farmiand were in-

. undated, tens of thousands of people lost “heir llves,
.- and hundreds of thousands were made destitutes g

. Thinking of the past and looking at the present, we
may further understand the great hlstorlcal signlflcance
of the people's victory over the flood under the leader-
‘ship of the Party.- L _ : ,

in eddition, during the past few years we have also
made great achlevements in soil preservation, the deve-
lopment of hydro-electriclity in rural areas, and in the
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promotion of met eorological and hydrologlcal activities.
“These-have played a great role in the devslopment of in~

;fdustrial -and agricultural produﬂtion in the rural areas,
g “.An the improvement of the peopie’s livelihood, and in the
=<‘ 1"enl1ven1ng of cultural activities in the rural areas,

Snecial mention may ba made 6f the fact that simultane
eousd with all-out efforis at the deve*opment of small

slzed . water consefvation projacts we have aiso started

preperationus for the helneesing of the-large rilvers. By
now we have basiwally coubletad designs for whole basins

"+ for the watercourses of the Sung-hug Ch ﬁang [Sungari). the
- Mu-leng Ho, and the La~lin Heo. We have stzrted the plan-
ning: of~the immediate p"oaects~£covnec .ed- with these de=
_=s*gns} Work hay started.on the. 1no~ubviet Joint Comb'

':?prehansive Survcy of the He*lﬁ gkiango P

Work now carried out on. the Laﬂlin Ho will be 1ncluded

“A;Supg-hua Gh*ango[ ‘The pungmfeng Shan’ Reservoir 1n the

baain will be badically compieted before Natlonal Day.

;J”lggﬂork will sopn stawrt -on the Tdo-slian Reservoir and the

Len-kang Hydro-electrio Power Staticn. Preparations are

under wzy for the immediate commencement of work on the

Ta~lai Reservoir on the Nun Chleang.. When these various

"projectb are brought into full operation, we shall fur-

ther transform the situstlon of suffering from water into
that of benefiting from waiter and create good fortune for
the people of the whole p“QV¢nveu

Generally speaking, Just as in the cases of other 80~

' cialist construction enberprxses in the- rural areas 1n
“our province, water couservation construction in the
- province has gene through an abnormal ten-year period.
The achual condltiouns shew that the ten-year perlod
v‘fachxeved wore “han one hundred years had in the past; and,
- "in each of the [ten]yecrs, we did . better than what was done
vin ten years in the past. : : : ‘ ;;

The water ¢ on%ewvation projéd*s'we compl eted during

these ten years were seversl times-~and even scores.of

times=~those completed in the thoudands of years of pre-

‘vious history. -And furthermore, s1nce 1958, the volume

of esrth snd 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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This fully shows that water c0nservation constructien
in our province has prinéipali ¥ealized its unprecedented
development under the ﬁbimulaﬁ 0ﬁ of the big leap forward,
‘being spurred on by thé: ‘mo¥smeht for the buillding of peo-
ple's communes, Thus, the gigantlic achlevements in water
conservation construction have been the great victoriea of
the general 1ine, the bilg leap forward, and the people's
communes. Tracing it to the root, they are victories of
- the leadership of uhe Partyo o o , .

Since the blg leap forward we have registered great
achievements both in the speed and the sccpe of water
conservation construction., But more important . still, . we
have found the correct policles and measures in water con-
servation construction, steeled our caderes and the masses,
and expanded the force engeged in water conservation work.

During the past ten years we cultivated more than
100,000 peasants into technlcal personnel and workers
through training and" actual .practice. We have thus lni=-
tlally solved the difficulty of lack of technical forces
for Water conservation constructiono _

During these years our basic experlencee 1n achieving
the blg leap forward in water conservation ccnstruction

are as follows*

(1) We must strengthen the 1eadership of the Party and
persist in letting politlcs assume command. . We must rely
on the leadership of the Party, strengthen political and
ideological work, tightly grasp the weapon of the general
11ne, and continually overcome rightist thinking.. .

In our concrete work we must fully deveeop our 1nitia-
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) Ne must thoroughly implement the mass line and de-
velop strenuously the wass movement. The close. combina~
tion of leadership, the masses, and techniques conatitutes
an important work method in the promotion of the water .
conservation movement. Thls calls for. "the leadership to
penetrate the ranks, the cadres to take the lead and es~
tablish themselves as models; and the summarization of.




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 gebating, in -the con-,
vocation of on-the~spot. conferences for the interchange-
of experiences; in the organization of comparisons:and
competitions;. and in taking & tight:grip.on:the two:@ ends
in order to lead: the middle forces. :Thesé. measures will
mutually ppomOue and ‘mutually elevate different  forces,.
We must further stress the need to.publish our techniques.
and to mobilize the masses to discuse them so that all
techniques are providéd with an eatensive popular basé.

Generally speakins, the all-out development of the
mass movement. musth be combined with the strengthening: of
technieal management, - The moblization of the masses with
a free hand must be COmbLned with the conducting of ex<
periments for:all measures, Sky-rocketing zeal must:be
combined with gelentific 'technigues. - Developins produc~ -
tion must be -combined with- Amproving living eonditions.
Labor must be combined. w*th leisureo- AXL- these are im~-

.....

servation conebruction.

(3) The overall and correct *mp ementation of the
"three major" policy is the fixed -and unshakable poliey
in water conservation construction41n.the.future,::1n'théﬁ
all-out :development of water.comservatlion construction in:
the future, we must thoroughly implement the principles of
local expediency, comprehensive harnessing, and compre=- -
hensive utili&ationo

: We must thoroughly pracnice the method of walklng on:
two legs;" that 1is to say, we must rely on the strength -
of .the masses.-and the communes and combine thie strength
with appropriate help -from the . state. - We must comblne
large projects with. medium and small projectss we must -
combine measures .for conservation with measures.for draine-
egej. Wwe -must combine meagures for unearthing of exlsting
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 comb ne;native.methods with .forelgn
‘-methodBQ. T - - L N T
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(4) We must fully implement the policy of achieving
quantity, speed, quallity, and economy in water conserva-
tion construction., Just as in other ltems of capital con=~
struction, a long range view must.be taken-ln the develop~
ment of water conservation projects, - Quality must come
first. The gulding prinsciple must consist of the over-
all implementation of the policy of aschlieving quantity,
speed, quality and econofiy. e -

It 18 not corrsct mekely to seek quantity and speed
to the neglect of quelity and econoly. Nor it 1s correct
merely to seek quality and economy to.the naglect of
quantity and 8peed, Such thinking and wethods place ex-
cessive emphasis on one slde and overiook the other side.

. Accordingly, in our actual work we must stress both
‘consolidation and develorment, both quantity and quality,
and both construction and management and maintenance. We
must particularly implement. the principle of "deallng with
‘projests to last a hundred years where guallty is the
firat consideration,” in the handliing of the medium and
large projects and the larger reservolirs.’ o

We must strictly observe the procedure lald 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 quantity. ‘ ‘

During the past ten years, our &achlevements in water
conservation construction have been glgantlc. Of course,
because of our lack of experience and the inadequacy of
our technical force, we faced unavoldsblie defects and pro-
blems in the course of our actual work, For example, some
local plans set forth targets whlch were excessively high
"and the quality of some engineering projJects were a little
inferior. These are problems in the midst of progress.
The comparison of these problems to the.achlevements in
.water conservation construction 1s merely like the com=
parison of ten fingers to one finger, o

.. Nevertheless, we have adopted the attltude of seeking
actively the correctlon of these problems. Some "have been
corrected; some are being corrected;. and, in the future, all
will surely be corrected. R
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.- Howavers, -the province had in the past a weak foundation
in water conservaetlon, and the area under irrigation was
. small, . The harnessing of ihe large riveirs has-only .jJust..

started, and .the rich wster rescurces ‘of ‘the-province: are
. not yeb fully utilized.  The existing ‘wdter conservancy. -

measures are from adejuats to mullify e threats presented
~ to agricultural productlon by floods ard-drcughta, -

Nor .are they.adequate to cope wWith the demands of the
over-all.developmont in. sgrigulture, -foréstryy.anlmal:: -
husbandry, sideline produstion, and-fishing-following:the
commuriaiization of the provinse. In a word, we have nob.
yet:negotiated the hurdle. . - o . ,

It' s therefors neceseery that we grasp the present...

oppoituni&y;;and?cbntinuefbgrfeffbrte'toﬂbringwaboutfan;
even greater upsurge in Water conséervehcy comstruction -.
duninghﬁharcubnegpéw;gferfahd,pne~édm1ngv§pring;;uThgbaa:
is :the.demand of xhé;bigiiéapjforwg?d*ln{agr;culturalwp#o*
duction. .-It. 18 the asplration of the broad nasses:.ef the
'peﬂple.‘ o T , T ":”J.:,: AR A-.-';‘ Lo FRILE R , fyn

ent si . oat ‘favorable to our efforts
to vigorously develop water vonservatlon: - The .resolu=, -
tion of the Eighth Plerum of thé Eighth Central Commitiee
of the Party.and . the gsuszal line have roused the fighting

Te present situation i

-spirtt of.the peorle.of the whole.cotntry. =

. :naNew-upsurges -in. the mévement “for preduction-increase;
and:construction enterprises have émerged ‘lnilarge, nums-

5bers, .~ After -the.overhaiiing and consolidatlon: of:fhe ..
people's communes, the activism of ‘thé masses for. produc-
tion has risen higher, and their pcwser for the conguest
of nature and.the, achievement pf greater bumper harvests
in agriculture has grown larger and larger.. Thelr enthu-

.+-plasm for the:vigorous devélopment of Water conservatlon
projects has grown stronger and stronger. :All -these are
favorable factors for & dew upsurge in water vouservation

constructlon in our provinde,

. .All-we have to do 1s to strengthen the:lsadership.of
the -Party; develop vigorously the mess movements; properly
-summarize and popularize the'experlences In waler conser-
vation.constructicn;and edrnestly implement the-pelicles
of the combitiation of the 'large; médium; ‘and small pro-

jects and of "major attention to the three key problems,"
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- In accordance with the condlitlons relating to manpower,
materisl resources; and . finaneial. resources 1n our pro=
¥ince, we'must at the moment. pay major attention to medium
- and - small waterfcoﬁSprvationfprojecté;_actively;prepare'

- for large proaects;‘and'1mplém9ntvthordu5hly”thé'policyfof
walking on two legg, . v oo e

. It is, therefdre, ?bt only necessary but also entirely
“possible for us tbgbﬁ;§guabout a new upsurge in water

-~ conservation constrdetdon during the coming winter and. .
" npext spring., ¢ o S

The preliminary arrangements far‘Waterféonservation_
construction during the coming winter and next spring are
as follows: 'In‘the‘Whple‘prdvinbe,xirrigated'area is to
be increased by between 10 miillon and 15 million mou,
bringing the total area of irrigated land next year to
between 25 millionjahd"EO‘m~1liQn mou (with from eight.
million to 10 million mou of paddy fields), or from 25

" t0 30 percent of a1l cultivated ldhd in the province.
This calls for the completion of about 300 million cublc
meters of earth and stone work, a very glorioud and diffl-
cult task. This is the continued leap forward in watep
‘comservation construction, = - - o

. " In order to victoriously fulfill +this misslion, we
must penetratingly study.and implement the 8plrit of the
Eighth Plenum of the Eighth Central Committee of the
Party., Through this we @hall_overcome’rightistffeelings.
We shall continue to exept the utmost effort, develop

~ vigorously the mass movewent, and rationally deploy labor

- "WQ,shall'orgﬁﬂize{spe@ialized‘work forces, ' We shall

-~ organlze socialist'cOOpeﬁatlon“and,mutual”support -

‘under the principle of muitual assistance and mutual. bere-
fits with the sharing of rational responsiblilitles. . We

‘shall grasp tightly the measures for surveying and plan-
ning, and for the preparation of material supplies.. We
shall undertake vigorously the reforum of work tools. We
shall, especiallly, undertake properlytthelpreparations

" for work to be started in the winter. With all these
" ‘measures’ we shall greet the greater new upsurge of water

~ conservatlon construction during the coming winter and

. next apring. ' R - T
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EXPANSION OF EARTH DAM TECHNIQUES
IN CHINA DURING THE LAST TEN YEARS

- L,

(This .48 an ex¢erptxérhaﬁmhiticle prepared by KU Chin-

ch'en, appearing in Shui~Ii sShui-tien Chien-she; No:18, . :

26 September 1959, pages 32; 33, aud 41.]

During "tHe past -ten years, . and particularly with the
big leap. forward of 1958, earth dem ¢onatructlon techs
niques in our country saw great developaent-along with
the leaping progréss in water conservancy and hydroelegirile
construction. Major earth dams constiucted or under: con=
..struction include the following: o =

””r“snihsman—pfan, Pan-chiao; Pai~-sha, Po-shan, Nan-wan,
Kuahutfingt.@aehubéﬁangj.the'dgms on the two banks of
~ Tan-=chlang-k'ou, and .the Grade I (dams] at I-1i Hoy Mi=-
..yun, Kehg-nan, and Che-Iin., Medium and small dams :con=
structed in different locelitlies.number tens of thousands.

With the accumulation of experience:in-dam. construcs:
tion, thé height of .earth.dams.has 1lncreased annually. -
The work volume hes increased annuallys ~Larger- earth-.:
dams constructed before 1955 are shown in the following
...table.with their helghts and the volume of englnevring.

worke, T e e e

G

S SR

Engineering Project ~ T¥ps of dam  Helght: - Englneering
« (meters?) ‘work:volunme
‘ - (unit 10,000
.. ...gublc meters)

N S

Exégiﬁéméé;iién Réééﬁééiﬁ”‘@%ﬁﬁh dem 25 80
" bai-chids Reservoir- - -earth.dsm 27 480
Pai-sha Reservolr - ' eapth’ dam AT 800 L
_Po-ghah Reservoir . . - ‘earth dam“i7ﬁ40*iwfvﬁj250A:

Tova "
AR S IR Y
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Table continued=~

Nan-wan Reservolr earth dam 35 340
Kuan-t'ing Réssrvoir  eapth'dem 45 100 T
' Tne nelghts and enginesring work volumes of larger .
earth dams construsted from 1955 thru, 1958 'are given in
the following table: " '~ SCASE R SO N T

o ) . Type ;N _ Engineering,work
Engineering'j"f’_‘f*'{”ﬂaf*,4 “"Height volume (10,000
.Project .~ ;_‘:-damﬁtg,(meters)H‘,cubiq“meterS)_

Té-huo-fang Reservols ‘earth dam - 48 780
Shih-san-1ing Reservolr " " ' 30 180

Ming-shan Reservoir " ' 32,5 90

The heights and engineering work volumes of large
-glzed earth dams now under construction are given in the
following}table:\_“ S

Engineering work
ST e e - -Type ovaeight~-='vglume,.(l0,000
Engineering Project - danm (meters) cublc meters)

Kang-nan Reservolr earth dam 59 - 1,000 0

I-11 Ho Hydro-Electric =~ T i
Power Statlon ; v " 805 730

Sung-tao Reservoir " " 78 450

79




L

F;I&ﬁ;?tﬁdntinuedéq

" Pari-chiang=k'ou "

" Reservu.ir . ( two . .~ bt mdrar e .Aw,.‘. \ MO,

banks)
Cheelin Reservoir

Mi-yun Reservolr.

Chang=-shu-kang Reservolr

Wang~k'ual Reservolr

“"Tuﬁgiféﬁg‘Reservéir~f
 Ching~ho Reservoir. ... " .

 Chao~ping Ressrvoir ~

Th

-~

n
"

n

-

N BVAR Be h M. e b e e itaeabt An ¥ aee st A e

L
1]
"

"

S

PR | DRERTEN A

" -

.. Under. planning are t
- meters high with an eng
“+-116h cublc meters and- the-Sha-ch

hé Ou chilang earth dam) 135"
ineering work volmue of 20 mll~

ien~tzu dam of .mixed. ..

earth and stone, 120 msters high with an englneering

work volume of 10 million cubic meters.

S

With the 1mproveméﬁ£ of dam construction technlques,
the method of dam buillding hes

Since 1957, the method of pour

N

also, undergone reform.

has Peen used in the constructio
Up to the present, 51 ‘earth dams ‘of a helght of 15 meters
and above, and 32 earth dams ©
and above have been construste

£
d

ing <.e'afi"th 1nto: the watep:

n bf many earth-dams, -

a helght of 25 meterg_

v

by this methods & - -

cmes guedessful experiments have also-been carried out.in

the use of the method of gulded explosion in dam con=

struction. The mixed eart
k'ou. in Hopeh has been con

methods » - = -

_ Hagor earth dsn pro)

. earth:into:the water
" struction) are given

h and stone dem at Tung-ts'un-
atruqhed.w;th-th[use]ofythis

ects uBlng ‘the méthod ‘of pouring

(either completed ‘6r under con= -~

in the following tablei' =7 ‘v
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Work volume

Type Helght (10,000
Engineering project of dam (meters) cublc meters)
Huang-pl~chuang Reservoir -earth dam 24 i §O0’
Fen HovBeservoir | " " 60 450
Hai-ying Reservols " " & . 300
Yueh-ch'ené Reéervdiﬁ g S | A gz;13§0°,~
Kuan Ho Reservoir ' o 3.9 ,,‘f135 

Dams constructed or planned witn the use of the .
gulded explosion method are given in the followlng table:

. . s . [P . . [ PETN .- . Work Volume
Engineering Type of Height (10,000

pro ject S dam = (meters) __cubictmeters)
Tungqs'un-k?ou o mixzed -
Reservoir - earth I
_ | and stone 29 10
Shuang-chiang- - mixed ' 'v "' R
k'ou Reservoir  earth and . o
SR .stone - ., 14 24
Ma;chin;tuﬁg - i_ﬁixed.: _ ;‘qf,‘  ; }: ,>,‘”,‘ .
Reservolr - . earth and stone 42 =~~~ 30
In 1957, in the construction of the large embankment .

of the Hual Ho at Shou Hsien, the methcd of dam cons-
truction with hydraulic power was carrled out as an

- experiment. .The resulis were very good and much data
were acquired, In the construction of the Ta=lal earth
dam in Hellungkiang and the Ta-shan earth dam in Kirin,
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the hydraullc method will be used; and deslgning work
is now¢beinsfcarried,oqtm.,Egr.the,qpu.ﬁq,earth_dam,ln
Shanai,_a;combin&tion_ofuphe;hzgraulic;pdwenﬂdﬁdﬁthg'j
_pouring-earth-into~§he.water]methqdffisgbeingQused.;ZA'
‘previous experiment on this combined method hds been
cpuccessfule - e Laso el Ln0VE oo L
;,,{JDuring(tna‘pqst.tennyegfspTphe.dgéigﬂihg?and workj.
techniques :for. earth dams in ous gountry have been gradu-

~c'ﬂllY'1mproved‘thropsn,adtualﬁbraﬁtiQQK:“PfacticaljeXPeri~

ence in. technigue had beer , summsd up ‘and raiged to the
. level of selentific thecry. The theory had in turn been
used t6 gulde pnaé&iqgaq,zhial1afof‘5f¢at;algn1fiqanae ,
in the development of water conservation and hydro elec~
tr;cgqenstructiqn_in;our country. L

o Tﬁe;déééiibeﬁﬁégsﬁndéf‘bértélh dee1§pﬁenté injdurLf
.country ;niﬁhequgggn;QSEQf,earthﬂﬁamgﬁand in work tech-
: ;niqwes-".‘lil‘".f S TR O S R

I
PRI

'i;”‘éélééﬁioﬁ‘6?“dé&éé%ué%ibﬁ”ﬁatériéis*éﬁd'selédtién‘
OF Dam 81368 - i ioongan

»

,

. During the gaflﬁfsﬁagefdfftne:fdﬁn&iﬁébe“éuf.gpétg
the;eanth»dams.gonstructed‘QSEd mostly clay of even .

aquality.ﬁiExamples3argﬁthé“bases'0£ the Pan-chldo earth

. t

dam and the Pal-sha earth dam, A dam with glay of even

quality uses a single kind of earth material and has the
'sadwgntasemofysimp;;c;tym;nqconstruc;iqn_gn@;mgnagement.
Butxtnégpeggstance{power4offc1ay'1smlowe?’9p§ the sta=

* bility-of. the.slopes is lmfertor. ..~ . .
e vIn'gomeparggs_phef¢léy,hasfa;high”watgr content and

its gickiness cannot be easily smashed.  If rolling
processes are not carried to the required degree of

. fineness.or if the slopes are t00 steep-~thua,leadlns

.gto'thpllbss,of_xhe_CIayéufissurea,mayj?asult.ipgide the

_’'dam; or the top of the dam mey shrink and fissures also
S results T - : D B

_niMdréoven;ﬂﬁ§pk‘with"qléjQiE_difficﬁif’iﬁ aress with

... greater rainfalle. Accordingly, in the earth dams built

- in Later stages the clay.core wall wae reduced in slze
. ap. far a8 possible and the ouler 1ayer§jb£;tne'ﬁam were
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constructed with sand and gravel substances. Only when
supplies of sand and gravel\wereglackins‘at the dam sites
would clay.of even quality be useds -

In some dam sites where sand and gravel were lacking,
but where conditlons were permitted the use of stone
" materials, cohstruction was carried out with mixed earth
‘and stone; with the core wall constructed with clay of
even quality‘ahd the outer layers constructed with pebbles, -
This techhiQueA;haalbeén adopted for many medium sized . .
dams in Honah &nd Kg&hgtuhgol The method will be used in
the recently pldnned Sha-¢hlen~tzu dam, .. .= =~ . )
~ Some afeas have constructed dams with-clay having a
1lhrge gravel content (the gravel content redching up to
‘80 percent). Such edrth has been produced trom silt
acoumilated on slopes and from floods; it does not, lump
and is easier to acquire and to use in cénstructlon: It
is also less affected by rain; 1ts resistance power 18 |
higher; and steeper slopes may therefore be construdtedi

Such earth is used for construction in the earth dam
of I-1i Ho. The same earth has been used for the core
‘wall, but pebbles larger than gix miliimeters must be
removed so.that the stlicky components will be more than
15 percent. Also, the gravel content is restricted to
less than 50 percent. These measures guarantee the core
wall's resistance against leakage. -

E In recent construction of earth dams the c¢lay -sloplng
wall dam has been mostly adopted. The construction of

the clay slope does not interfere with the constructlion of

the gravel core of the dam. In the rainy season, con-

“struction of the gravel portion can be guspended and rush
efforts made in the dry season. :

In the case of the I-11 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 perlod would be needed for the piling
of the dam foundations at the upper reaches of the river .

. and water.constructlor could not be carried out. The
‘clay slope of the dam at the base of the dam must be very
strong, and 1ts construction cannot be qulckly done,
Water conservation would, therefore, be further affected.
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Furthermere the elluvium at the base of the. dam at the

4:upper reaches was. .more . than, 50 pereent lpwer then the
alluvium at the base of theé core wall, and much addi=-
.. tional.work.on concrete piling would have been required.
‘The core-wall.. type was. therefere adayted.ﬁux“,.-?-

At the base of the lower reaches of the elope, there

,was added a temporary .8lope.of .a very. thin leyer of clay
. .over a distance of 40 meters, This énabled construction
;and water eonservatian to be undertaken simultaneouely.

T Eerth ‘dam construction téchhiques are doveloping in’

the dlrection of simplification of construction work;

‘high :apeed,-use of .limited equipment,. reduction of labor .
fpower o the minimum, and reduction. of conetructibn costs,

‘In. the roll&ng type of dam (eenstructien] a uniform kind

f;ef earth with. gravel . pebbles should. be’ ueed 48, much a8
:possibley. Constﬁuqtion wark -using .such. material .dogs not

suffer much from:the effécts of .rain and réaistance power

. -1s strong, . Large: aized rolling machines (40 to: 60 tone)
- should be used‘ ERERIE ; T ST

‘ The rollins operetlon 13 shortened, progreas 1e rapid,

,.end the dryness of .the. earth can be .inéredsed to~ 8 very

great extent, ~Thus the resietance povwer oOf the earth is
ralsed. and the dam slope may he.as. eteep es possible, ‘

-;5reat1y reducing the.. work valume.

Pebbles which contain only small portion of etiqky
greins and dust may have smaller leakage coefficients after
rolling by large machines and it may be possible to dis-

w~pen8e with the use. of an: anti-leakage core wall or slope

If the anti-leakase wall 1s needed, we mey as fer as

";poseible adopt the.narrow core wall or. thin slope wall,

In the use of the slope wall especially, this. is desl~

f',rable gince conntruction work 1s eubject to 1ess 1nter-
. ference. . . . o P

At a dam site lecking pebble supplies we mayJadopt the

:imixed earth and stone dam with a core wall of a plastlc
byne. conetructed with cobblesbones. Such 8 dam can have

& very steep slope and great economy’ ean’ be effected. .




. Using locsl bullding supplies this type was adopted
in.recent years, by various countries in the constructlon

of dams of more than 100 meters high. - . . .. .

The method of gulded explosion in dam constructlion has
an extensive future, The use of “"explosive energy" for
the placing of stone mateépridls into position replaces
transportation. The use bf "piling energy" replaces.
.rolling operations; e airé thus rid of heavy physical .
exertion. The proper. sfudy and improvement of explosion
sechniques and anti-leakage heasures will -protiote a
gheat development of the method of guilded explosién in
dam congtruction., B P

- .The hydraullc method of dam construction simplifies
 the transportetion of supplies and eliminates the work of
- tranaportation over the top of the dam and rolling..

The utilization of water power to separate the coarse and
tine .grains of earth for placement in the outer slopes
‘and the core wall respectively provides a rational dam
‘surface and at the same time relievcs 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 comstruction 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 gralins. This method 1s worth po=-
pularlzing today., clo , T T ey :

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 1s suited to medium and small .
engineering projects utilizing mass labor. Though 1t -
cells for an extensive labor force, it uses little equip-
ment and 1s easily accepted by the masses, It 4s also a .
dam construction method capable of future development.

}i"Watér.fétention'cisfernsjére st111 good enti-leakage
structures for use at the bases of dams where alluvium
18 not very deep., If the alluvium is too deep, We may
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use a water retention wall constructed of continuous
concrete plllars or a concrete water retention wall
which is rectangular in shape. The piling of a con-
crete sereen is an eéven better method.

But our research efférts in the future should be directed
toward the improvement of drilling and plling techuniques
so that the walls will not 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 conditlons on the
people of the whole country for the full development of
work activism and creativeness, and, at the same tlme;
opened an extensive future for the water conservatlon and
hydroelectric enterprises of our country. Through con-
tinous practice and the summing up of experlences, our
dam construction techniques will be continually lmproved.
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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