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INTRODUCTION 

In the industrial and agricultural. development of Turkey. Power 

Generation and Irrigation will plaN a major role. Indeed, in the last 

few. years continuous research. has led to the discovery and utilisation 

of many d.ifferent project areas. one of these being the..Almus site 

vdlich will. beneti t considerably by the dam now envisaged. 

, The 1ni tiel. planning and stutl¥ for- the .AJ.mus dam was first 

perfomed by the D.S.I. and then iq;>roved by E~I.E. !Cbe report of 

this investigation was presented in 194-.3. A second and more canplete 

study of the project was concluded by the D.S.I. in 19.53 .. 

I chose this as the subjeot of my thesis as I am especially 

interested in hydraulics and -bope 'to speciaJ.isein this field as a 

-practising engineer. 

In my thesis I have taken the topograpbic map of the dam site 

and accepted the ohoice of the location of the dam axis from this 

x-e.port. I have used to a great extent the infonnation given in the 

Preliminary Project Reportot the D.S.I., assuming 'to be true -the -

detail contained therein to which I have referred in footnotes.. As 

the cost calculations for the earth dam are already given in the D.S.I. 

report, it was neoessary for me only to adjust the given figures in 
, 

order to bring them up to date ana fit them into the suggested 

improvements. I made use of all the literature (referred to in the 

bibliography) I could£ind on the subject, as well as II\Vclass notes. 

In my criticism of the D.S.I. design I have made several 

alterations to the structure ot the dBI!1 which, in my opinion, will. 

give it a, bigher safety margin. However .. the D.S.I. peopie have also 

.1. 



stated their intention to review the stabi11 ty of the cross-section 

~ter m~teritU chara.cteristicsare fullys1;u.d1ed. I have a.ssumed 

normal. materials and. conditions~ but.due. to my lack of practical 

experience, there may ~ be elements inm.v critioisnof· design 

19bich.would pravato· ~e impractictU, although theoretically in order. 

lIoweVer~ .. I have trled to keep these·· to a m1n:Imumby taking dams 

alreaiJ3 in eXistence aseXanples·to supplement by theory. 

I can by no means say thatafullycamplete analysis of the 

alternative designs of the AJ.mus Dam is subnltted. but I have done 

my best in the time at II\Y disposal. 

_ I should :Like toelq)ress my sincere appreciation of the helpful 

edvicegivento me by Dr Pfeifer who is the Professor in charge of 

-lI\Y thesis. 



GENEH.AL DEoCnIl~ION OF THE REG-loti 

Location and area: 

The Upper Ye§ilirmak region is· located in the north-East 

of Central Anatolia.. The region is bounded on the North a..lld 

East by the Kelld t valley :- ,in the south 4' lC1z1h.rmak and on the 

l1est by the gorum River. 

TopographY, GeologY. and Earthqu~akes: 

This is a fairly mountaneous region of Turkey althougl1 

broad plains stretch between the hills. The area. adjacent to the 

river iain general lUade up-of fertile plains which receive 

relatively high precipitation. The most important plains 

within the area are Omnla, Kazova, Turha1 7 lUllasya,and part 

.. of the Geldingen plain. 

The axis of the d~ is on a very slight slope in a 
~--- : . -' .'----_. __ .. _- -- - - - ---.----~.-~- ------

relatively wide gorge of andesite composition. 

The project area has many earthquake zones._ The-section 

where the dam will be located lies within a zone rated as 

fil'st degree of severity. 

Meteorology :. 

Due to the lacl< of available stations that have the 

records of precipitation, one can not judge fairly the 
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, ,_ rto", Cro / Ct., 

'precipitution that falls on the Upl>el~ Yc§i11rmak region. 

ReeOl'US of preeil>itation ure obtained' from. three stations 
+ L Lr<-'-cr<-c- ,,,L, 

( Toknt, Niksar , Fat11 ) for the last :fifteen years but frjl-. C0-,'-',; 
, i 

the records' from these stations dO,,-=not indicate truly \:,\ I !(;~Lf "'.,,( 
, i{ tH\ V("-, 
.' 7 

the precipitation that falls on the area that contributes 

to ·tbe Jilmus dnra~ Go!. 1\0'(\~ of t"e~e.~o.\-\o'(\s Ote' co\\'n\Y\ \-'n-e ~1"~\~o;~e ~t"eo.. 
~ . ~,-~l,._: . \ .. '(. \~.: ,;., 

The preparation of an isohyetnl rJllP on this information 

will be meaningless because the map will not indicp.te the 

wide exil'cmos that. will make s11ch averages. For example 

24 years of record at Tolmt shons an annual precipi tntieD. of 

742 Ill!!l. 

1t 
I 

(!9~9). I' .' " ...•. ) h~rvl' I;' .. '~'I'" i': .. \.) -:" ... '.',.' ,', 
(),_""~,!,,, ': .. ,~.; ';'.\ -~~.'t 

, ~ t" 

/ The average rulllunliso!1yctals a~so would not indicate 
! 

the fact. that tbroughout that portion althe Ye~ih.rmak region 

below 'roko.t there are often periods of· 30-I}O days during the 
. ;: II { 

growing season when there is no oeasurable rainfall •. t ;;'-\.} '',/v.v-~-;vt/'Vl ',I 
. '. l(v-.rCA. s kg-t,1I d l<"I. 

From the short period of records available it is 

impossi ble to determine l'lj;etl1er precipitation folIous nIlY 

Bort of cyclic pattern. 

liol1cver 1 accept for my calculations an average rainfall of 

Evaporation: 

There ia only one station for measurement of CVtl.lloration 

in tlle'riv'c~ b~~ilL' i\.;'erage evaporation at this station 3:2 

. located n·t 'l'olmt, coveriuh a I7-year pel'iod, is approximately 
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/(IUNFALL /)ATA 

TOKAT"", ~r~rION (mm) 

Y811A3 MON,rHS 
. . , I : , I .. J .. . .' 

1!l4S 4'"~ 64 1l 9-1 40 61 b 6 Zg 28 .!J 22 L;f;i 

Ig4~ 20 so 1J/ Its '18 gl) 5""0 /6 2~ gs IS 20 ' 5&"/) 

1841 76 5"0 49 ,9 49 /6 ' 1, f ' 38 23 78 32- 403 

/!l48 2.9 24 5() 31 81 62. ,; / 4· . 36 40 2.6 31 47-0 . 
1848 5"1 jg :29 II~ Sg 6'3' 22 .2... 2.J .30 2/ 61 51,2 

I.9S() 121, 5/ V-~ :2.2, 'l/ stJ 6 / - 3/ 2ft 2.3 4.9-6 

195"1 3, 40 42 49 '9-8 30 1- 68 22 62 30 S-8 S2.8 . 
"''t.'' 

1952 ~1 2.8 gg A 4~ - 2,fJ S 2- 18 14 4~' 21 473 *~. 

" -

1.95'.3 49 68 45"" :19 63 41 3 8 2.9 .29 60 3/ 463 

19.s-4 7-9 1/ 41 4:3 6"2 18." / g II 1/ 20 6!l .:3:?S 
, .'- . 
I§~~ 2.~ :J~ 41 80 :30 ,. '3 . 2.1 8 /2 :Jo 3.8 7-!l 418 
19S7 ~4 4'8 Z/ .!J /0'0 /g 4 z 2S- 6 48 S/ :Jf13 

, ; :1C1n. Nb~ MDr. /lpr. Nl:ly jl,/ne jlll.y Allg. ~t4pr. 00'1:. Nov. Oe a. Tota'L. 
, 



I";:' /-) I A/ r-/.:j ! L I) /-/ T J-} 

;, 01,1-) T ,5 71-} T 10AI (In /))) ", 

F , -
; 

.~ 7L-:-/=) /~ S /'vl () IV ,- I-I ..s '. , ' 

I 
!, , 
I 19:3 3 10 ?~ 12 'IS ' 4& 97 :3 " :30 

" 

28 55". 6':> f.rol .' 

/934 :18 6"6 I~ ~.~ SeO 5? 6 4 6 6'3 /!T 17 '389,. ' 

1535- 3'0 3.9 5":;1' 50 - - g 13 . ::1"6 2S :>7 28 :t~S-' 
'" 

/936 40 71 3] 70 96 102 
,. 

60 :,. :10 9 20 6'0 47 63'~ 
\ --tt4'""'" 

20 ~o ') 21 7~ 01 I /337 8~ 30 ' ,28:: 90 93 - '-" S2/ 
I 1!l.J S 10 g 30 . ? I 19 ? 1.9- j 41 8 .JZ 86 :3~4' " 

1!/39 2S 38 ?J . ;60 5J 115 6.:3 63 " 7· (/0 8')- go 7~Z 

/940 15.8 73 6/ 77 101 30 4~· g 9 "'-8 .J ' It ..9.J 69 2 

'/.941 I 81 4'( g,9 2& 20 If .21 30 6 4Z gJ 4~ , SI6 
.-

1.5'42 !i4 /1 Itl 82 68 21 /1 ' 6 32 /() 3 /0 it 37 It;Z " , -

/943 ! 60 33 2 <1 , 'S . 40 47 ~2 S- 2 .9 j8 "''>! ..,j I.i 5$ .:13/ 

1.fl!;I/ '8 It.S to '':)i so 1;7 12 " 12 :3-0 58 16 481 I ' , ; 

I ;Jan I Ie h, ,"';/t.7/' ;-IPI";:-" ./l/lIY June july 1-7li9 ,.SEPt (Jet Nov. lJe c, To TI-)L I 

...... \ -\ . .--... ~ .. --. ~.~ , 



J'~, f.~\.".{~t-\ {.!'~ltt,_ i~~ .. JO th;\/)~~,tV N~'1'~'­
i 

DIG mm.I\IIowever I believe that the use of this figure ca~ not 

be relied 011, because I do not think.that evaporation ratu 

at the reservoir site on the lower river would l)e as high as 

those at rrokat. 

Cities and population: 

~ t"! ,-""' 
': ;' J< 

. ~. 

The Almus dam project is a multipurpose project and 

it would be useful to considerrthe number of people related 
.-----~--... -~-.. --.-- .-

A·· 
to different purposes{separately_ 

~~-'"'''---'-'--''"'--:- -~'. 

People in the project area live scattered in small 

towns and villages_ Number of people that will make use of 

the irrigation project is estimated to be 60,000. 

After comparison of the previous population records, 

and by using the Uniform percentage growth method ,(1) 

I came to the conclusion that the population will be 72,000 

in 1975 and 88,000 in 1990. 

Railroads and nighways : 

"V} t'L .. ;rr~ .. 

Transportation cWes--zro-t--cali"se a problem in this region/ 

as Samsun-Sivas railway passes through Amasya and Turhal and 
t1 

will afford the necessary facilities. 

Sivas- Tokat highway is the principai highway that 

would be used for construction transportatioll ; the route has 

water-bound macadam and gravel surfaces. 

Transportation is open to traffic all year. This will 

enable the use of the Samsun port. 

(e) 

" \",' L· 

, . 

"t , 
\. 



Labor and \'lages : 

Sufficient unsldlled labor is available fot' the project 

under diSc:ussion/and there are some sldlled craftsmen in the 

area. I believe that when an earth dam is conside~, however J 

addi tional skilled men will lJe required, particularlyeequipmcllt 

operators and mechanics. 

(2) 
Current wages are : 

Laborer 

Carpenter 

.Mechanic 

Driver 

T .L./day . 
8-12 

18- 3u 

26- 30 

18- 26 

Foreman 27- 40 

DooIclteeper 24... 35 

U4 t-u..:AVNC. 
{,w ~\.\>.r~t'" 

,h.lv'r,... .. \.-~· 

Engineer 53- 80 

In addition to daily wages approximately IO-15% should be added 

to cover vacation, sick leave, accident insurance and workers t " .' 

compensation. 

Most of Turkey's requirement in gasoline,. diesel oil 

and lubricants are being imported. All major equipoent has to 

be imported and the majority of it will probably l}e coming from 

the United States and GermanY:e - '--- ----- -_. 
(1) Elements of Hydraulic Eng'n Linsley and Franzini 

MCe Graw Hill I955 

(2) Information.obtained from T.C. i§ ve i§ci bulma kurumu 
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HYDROLOGY 

DRAINAGE .!UtEA : 

The drainage area of Ye§i11rmak, a map of the river with 

its tributaries on a scale of I: 8UO, 000 is tah:en from the 

preliminary project report of D.s.i. 
2 The total drainage area of Ye§i11rmak is 36I14 km but 

;:0 

. 2 
the drainage area that contributes to the Almus dam is 2337 Iou 

* and the average rainfall on this area is 900 mID. 

FLOOD FLOW : 
. ~ .. ~,J 

The maximum flood to be accoillodated from a catchment area 

may be approximately determined by·several different ways. I 

have used two methods, namely The Basic Stage method and the 

Yearly Flood method but· I have also ~ept in mind tlle fact that 

a few stream flow records are not sufficient to be truly representative· 

of average condi tionsand made a cOr.lparisQn:;of the record flows 

of other ~atclrment areas of about the same size and characteristics. 

For comparison I have made use of the enveloping curves of Creager. 

A knowledge of the physical factprs affecting the magnitude of 

floods is necessary in order that a logical comparison can be made 

The most important of these factors are: 

a) Type of storms 

b) Presence of laItes, swamps, and ground storage 

c) Characteristics of the river .bed and bauli:s 

d) Shape and slope of the drainage area 

(8) 



b= 1.85 P = 1 years 

b 1:1 3.5 

check point 

X =290 m31 sec b =- 2.12 

t = 33.3 years p 

t ... 15.2 years 
p 

ft The Gumbel method is based on sound statistical principles 

and has boen checked with data from stations having long 

periods of records." (2) 

.. ~ 

(1) This ~ethod is also called GmJBEL method. 

(2) Elements.of Hydraulic Engineering 

Linsley and Franzini, Me. Graw Hill 1955 



e) Forests and vegetation 

f) Freezing conditions of the soil 

Physical indications of past floods would also be very helpful I 

but I could not find any data about the historical floods on 

this area. 
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(1) 
THE ANNUAL FLOOD METHOD 

-2 
Year Peak Flow t m X-X (X-X) 

m31 sec 
p 

X 

1953 aoo' 10.00 I 107.4 11500 

1952 2'15 5.00 2 82.4 6800 

1955 225 3.33 3 32.4 820 

1954 200 2.60 4 7.4 50 

1948 182 2.00 0 ';10.6 120 

1951 180 1.66 6 -12.6 ~50) 

1950 176 1.43 7 -16.6, 280> 

1949 156 1.25 8 --36.6 1340 

1956 130 1.11 9 -62.6 ,3900. 

. 1941 102 1.00 10 ... 90.6 8200 

1926,:" ~'i;,.X: 33160:0:. 
c.:::.~ f.~ ...-;;., \ 
...c:~ ~.' ./ 

. ' 3 
X = 192.6 m Isee 

. v_ f;;. (:\ -x.}Z --
Standard deviation of the series(} .,: 1\ '--i~"'- ~ 3316 = 58 

-b 
P '.;;' ~ _ .:.;.-:-e 

X is the flood magnitude with the probability P 
....,... . 

Xis the arithmetic nverageof all floods in the series 

when X = 250~e~ 

(n.) 

L. 
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TABLE A 
I Cu mutative ,~Mos.s Warer 

.Honths Inflaw cu ;I've orchno ~es Year.s 

/549 June so. ? so. 7 
69.0 /9· 3 July 
,g.8 /0·8 ~ 

S /0.:3 90./ 

r 
/g~O 0 13.~ /03.S-

AI 1/.3 1/4· 3 
D /0.6 /2S-~ 
J 12.3 /:3 7· f 
r /5-2 /57. 9 
,At 91. I 2~3·t 
Ii 2.07·2- 4S{).2 
M //3./ 51'3·3 

60/ ., J 37·8 
J 1'1. 6 0/8·7 
A /0.3 tt9,:-!) I-

S 69 6r 8.' 1.951 0 8·S- 706.0 
' N 7·, 9/3 . 7-/J 8·S -- 721·2 J 5-7 

'119.9 r 8·0 737.9 M 51. D 7gS.9 A 61.5' 
851.4-M 

89.1 
.9(,5.S-T 5!J·8 

/0(')$·3 J 
17· '1 

10-22.0 A 
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In the absence of the, necessary data for ·the sediment inflow . , 

rate at the dam site the thing to be done is to assume a C:,/~­
( 

, \ 

; cons ervati ve) val ne. 
" 

The inflow rate of sediment is assumed to be 1% by weight 

of the total inflow. 

A method is suggested by Lins'leyto find the prolJuble 

life of a reservoir limited by ,the sedimentation. 'l'his method 

can also be used in'determining the capacity required to designate 

as sediment storage. 

Since the capacity-inflow rate is quite small I use a trap 

efficiency of 90% an,d assume that 25% of the silt will be nashed 
-----_. ,. ~. -"-,,---~. ".,.--.-...- ........ -.~-. <.- •• -~ .~ 

.1 

;-t"'!/'-~""Il 
j 

througllthe sluices provided: 1J.1aking the specific gravity of '''''-!,.l \/~""'.,' 1" 

the sediment deposits as 1.4 ,the silt deposits will cover 

a total volume of 

1.4 

6 3 of the reservoir is 570xIO m • 

{) 3 = 182xIO m 

The elevation capacity curve shows that in order 

to maintain this capacity the normal pool level is to be at an 

elevation of 790 meters. 

,,/ ' 



· 6 3 
Allowing a volume of 100x10 m for _~~~:!iil!!_~!~0:I control 

the maximum capacity of the reservoir will l}e 670x106 
r.t :~ at . [~~: '-.'~/)}),\ '. "" 

an elevation of 793 meters. 

If the engineer in charge is informed of an approaching great 

floOd(W hours on advance by the meteorology station, tIle , 
! 

proper operation of the sluices will pero£t au additional 
I '.. 

flood control volume of --~\\} .. r' /. .') I 
I c- ,. il (~"'I_>~-' _;' 

:" \.AJ ' ..... L, ........ "\...., I '''''';-!A.l '--'.J ~ 

rn3 

,v<:.....~, ~;;·'-"r~ '.i-'v\ .. L~) 
/£1 J • / ~ f II ~ •. LC." '/' q/Ls-tJ ... f'vv -r;;/., .. c j 

~ t.-..!k.i0''C.. .J f-"" .. 'v"\ c-c..v/L . .J ,,! ;,.,1 

.' I 
( .:../I.L- J 

J 

The total discharge through the sluices is found on page 57. 

~ ! :'~ i '" f. ~ . ,: ~. ( . 
, ' 

I I 

(~> t ~-:~--, 1,.- ,', {...:, y ( I ... ~l 



DISCUSSION OF THE SUITABILITY OF VARIOUS TYPES OI? DA:.if~ : 

The choice of the type best suited to a particular location 

or use is a lllattel' on which even very e::'q)e:L'ienced engineers 

uill differ considerably, and is to a great extent a matter 

of judgement and experience, ~owever/an intelligent study of 

existing conditions and requirements is of course the best· 

guide for the choice. 

Safety should be the main consideration in the design. The' 

cost of the dam, affected by the availability and price 

of construction materials is also of prime importance. 

I have nade a comparison of the usual types of da~s and 

stated my opinion of the suitability of the type under 

consideration. 

The usual types of dans are classified as f6lloW's; 

I.). Concrete arch dams 

2.) '. Concrete hollow grav! 'ty dams 

3.) COllCl'ete solid gravity dams 

4:.) Earth and rock emllankiuents 

Concrete arch dam ; 

The weight of the arch dan is not countet:t on to assist in the 

resistance of extel'nal load~. The strength of an arch dam 

depends on the' sides of tlie valley which must be compose(l 
. p .. ,.n., t_ 

of good rock that will resi~t the end'thrust. 



(' 
(Arch dams are only adaptable if the dam length is small in 

proportion to 'the height •. ) 

Considering all these factors I do not believe that the arch clam 

will be a suitable choice because; 

a) The shape of the gorge is' so that -the ratio of length to 

height is large .. 

b) The sides of the valley/thOUgh comp~sed of roc~7are formed 

in layers land the rock is tlecomposed} 'therefore it will not 

be ~ safe without extensive grouting/which will be-very: 

expensive; 

c) Though unskilled labor is available, training of additional 

skilled men will be requireu which will take a long time and 
j 

be very costly. 

Concretci hollow gravity dam; 

}follow dams ._J/,Qin.g lightci..per sqU<,l.):'~ ... ,:f.oot of the al,·~as..,e~~er.t -.- I, 

For this reason the hollow dam is sometimes adopted where e. 

strong foundation for a solid dan is lacking.' 

Due to the high l~einforcel!lent required this type of dam 

requires a great number of sldlled worJ::ers. 

A study of the existing hollow dam!:l shows that this type,of 

dams is not practiced if the height of the dum irfovel' 50 m. 

. " 



lv\/'N-VYI 
The construction of a hollow' lJllVity dam in an active enrth-

l'{ .... - •• r ·,"'L::._c'-.<_<.<_,-.-_ ;t·c~ .. _{ 

qriakezoner is qu:t..te:-,dangcrQus. 
j 

Since the dam will'rest on a roCI-t foundation, the unit preaauree 

on the foUndation w:11l not be a governing factor; on the other 

hand)steei and steelwork is 'very expensive, and the quality 
, , 

of concrete uaedin a hollow dam must be very good which 

requires careful' inspection,' therefore i,s 'costly. 
/~ c, .. j/\J\ -::.' 'v6-C~ 

On the whole 'I would think that a hollow dam will bei-nconveni-ent 
,f-J,r 

I 

_nnd,--uneconornicnl-t-o-'bui-l-<;f-iu this location. 

Soli(l' gravitydom ; 

A solid'g-ravity dOl!l is adaptable to all localities ~t''- /hf-,."l,.f-Ll,--,r) 
C{f\.-v""')~ ef-- .--(rv(L ;;{,r" r ('-''--[C"-,,,!. ,1-0, YVjrv-;J. --nL (t.-tyL ?!/<rv,l>/Yc'/' .,;/ rtL-r, ~,'Lu'/}) Ce" (,j ,; t~) 

(; ..J-' l!fhere 'there is a !Treat' uplift IJOssibility. -:It--is---however-.... ~ c~-r,-,I,. b 

,ne~essary--that-:-.this_kincL.oLdam:-be~-bui-l-t-on-~o~k-foundations-.-
1br-~CtJh.--t-.... :1;t"L-- "L'-'-/l C,.L',A-':L"vi" I f./G.. ... A .. -. /,J \-" \ . ,', ,;,;,' (" '" , ", ,.I 

A cement'faciio~y, a--good, quarry'''and--n''-convenJ.'enir-snnd-- bank 

near the loc{'.tion of the gravity dam are atlSolutely necessary 

in order that this type of dWll may be considered. 
6-v:-r 

In lllyopinion in this case a concrete gravity drua may be 

considered as one of the alternatives, for: 
I !. f3..-'Cct ',r",!._ kJlt,,) T;':" r', 

a)' Rrrc1f=fOihiUni)'];on· l1es, at an average depth of seven meters 
~ r:~ ~-Y.J • J 
undor the alluvial SOil.r>r'r atL 'i:vU!C,! J rr./4rrvv- J 

b)The railway station connecting' the Si vas cement factol'Y 

c)A sandbank is only I.tl kIna. away :from the dam site. 

d) A good fluarry is available in the vicini t)·~,;:,? 



Earth and rock embankments ; 

If there are_ sufficient materials available in the vicinity, 

earth and rock fill dams can be t)uil t at ri: 10lV coot r IJowever 
/ 

a lmowledge of the flood flows of the stream 011 which an 

earth dam is proposed is of great ir.rportance. The overtopping 

an earth dam at any location.. ! 

[in the neigllborhood of ~e ____ a~~Pted dam ai te the necessary 

materials ~~c-on;trnotion of an earth dam are available 

Imt the.---spillway proll1en t!ay present a serious problem since 
// , 

we do ,noil have a long record of streamilows. "i 
(/ ~ 

II high ~~~ehoal'u uust be alloweu as well as a Great spillway 

capacity to compensate the danger of overto~ping. 

To sum up, I Vlould say that, the earth dam has some v~distinct 

advantages over the concrete gravity dam :for this site, for: 
-(0 ,;,. J '! j '.'J 

1.) 1':ost of the material necessary for the fill is! {)nly: at an 

avera~e distance of one kilometer. 
r l ' 

2.) It .~n;,~ not be necessuxy to excavate to solid l'oeIl: in-e.a&c---

c--o-:J;-nn-earth-~lanl, which will reuuce tIle cost. 

3.) The eal"lillquake pro blam will he lesB serious for ail cal"th-
( 

domrtSllan it Tlould for a concrete dam. 

4.)'1£ ,a cO::1pletc 0 f100(1 control io \/anted, ;ts.~l~i]l·_~'~~uJ:·t! ,I "'; 

~' /\.~ ",'c,'--',' ,,; D~,,: oJ 
.in--a -grCiiter--enpacLty ~nd--the---earth- dmll" w:tl°t-mos t--li!.l:e-ir be-' 

·mor..c., cCOlloJ.aical,.-becausc~,the gravity dam will become ~Y- oJ/\'" ~ \ 1 '0 



< l ' ' U' J !?/ ... (.f ,i.' f', '" Jr .••• ". ,I .• • ••. : •• : '-'. ,'" .:' " }'./y:"j .... '"J/:-\ ·;·r~· ~~ 1 .. .J ...... r !,"~) I ;,_.~. (./"1 ...... L.., ... t,._' i --' ,. ~ 

,{!ieavy-due-to-g~e~ter uplift and earthquakeJ.c-:f.f.o.c..:t...-

On the other hand the gravity dam has the follo't1ing 

obvious advantages: 

'" .t..">f" L J 
I!) -The seepage loss. and. danger will llE! practically eliminated 

by the construction of a concrete gravity dam. 
r'"' I 
! '~":":"- -r ~ -.~ .;',1 .~ I 

2.) The spillway wil~.Gpresent no problem), 

'" ) G. Maintanence costs of a solid gravity dfu'!l are unch, less 

than -t-iie maintanence costs of an earth dam. 

4.) The time required to build a gravity dam Vlill be considerably 

shorter. . I 
"'1 __ , ~. i .... -.. I~ > ~ ': 

, 

5.) Less construction equipment 
./ . I 

·11 b . l' tl '/' \71 e requ1rec. 1!l no·j C. 

construction)J'Which means less expend.i ture of fo~eig71 curl.·~ncy. 
r Q..>..\..._ .. ~ •. ( • ~ :> J ' 

5.) Sedimentation wi.l.1-bo--washed to some extent ,~.tllrough the 
I ' I J 

}\'"1r.\l"\,~'\ \..iL.:......:\ t.~ ... '- GU'·\.\~ ~ ,-t tt r
l
,." ... 

. provi-ded sluicesi\wltich will result in an ir,.crease of the 

useful life of the reservoir. 

We see that both the concl1 ete gravity dam and the 

earth dam have Dome (ycr:,r'Ydistinct ailvantagea I o vel" eachother 
I 

-and I~t this point it is. inpossible to COll!') to a definite 
't .. '''~ ,: . 

conclusion as to the chorce of the r.1~;;e Bui tai)le and 

economical type. 

In the folloVlin~ pages I will make e In:eliminary 

rlesil~n of aCQncrete darl in order to compare t~:le cost of 

this dam wi tIl the cost of the flu~;gested. cnl'th dum design 

of D.S.I. The suggested IIoS.Io design is for a larGer 
;, ),. :-, '_." .. ' ..' , ,_.... . (; 3 

darl J/ith-a maximum capacity of V50x!C n, but I will 1)e 
l~LL~.(t (I ((,'.1 

able to cD'liimate the cos"jj of an eal·th dut!l or cql1ai' heiGht 

'7ith the use of the improved, up-to-date DoS.I. figures 



After the cost calculations I Tl111 state which of the two 

I would ·l)refer. 

I will also include a cl~i tical discussion of the suggested 

D.s.i. de'sign. 

~.-

("30) 
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. FOItCES ACTING ON THE COl'mRD'l'E GItA VI'l'Y DAU : 

The 

I.) 

forces acting on n dam consist of the following; 
~r».,/i~'·'( 

External earth prcssure 

2.) 
:', r: 

Earth pressure 

3. ) Uplift (! ,j (, I .', it,":; 

4.) Ice pressure 

5.) Enrtll quah:e forces 

6. ) Wiml I)ressure 

,7.) Wave pl'essure 
!" ;: . 1 t·I..,. .... ~ .... r'.' ~ ,j (:. \ ·L_',~ ~-') ~~\_~;\ 

; fh ).Weight. of·· the· dam 

, 1-' 

. I. 
.......... \·'r· 

In the design of the concrete gravity dam I have not accounted 
~ ~ I 

(vt·,' 
for earth prcssure, wind pressure, and ,vave pressure in the 

stability cnlculations for the following reasons. 
r, .J \ ., ..}..... 

K....U\..II \.\,,''I...AJI--'-../\ 

Earth pressures hnve a minor effect on the stability 

of the structure and since in the design I tvill give n place 

to the sluice construction in the lower part of the drua which 

will periodically :fhish~ the depth of such deposits will be 

liIi.li ted. 

Ice pressure; 'l'he climate of the region where the 

l'eservoir is locateu is (lui to mild, and there is no reason 
l 

to believe that the wnter will 1)e frozen to a degree w'hich 

will l.'equire attention in the consideration of tile design. 

Wind preSSUl'e; Wind pressure is seldom a factor 

in tho design of any dam because dams are aluost always in 

sheltered locations, and even i1' they are not, the mrudmur.l 

" 

I 



possible wind pressures are very small in comparison with the 

loads for which the dam is designed. 

Wave pressure; The upper portion of the clam is exposed 

to the impact of ,waves/but the pressure exerted on the structure 

is of little importance since the fetch distance is small~ 
J I " 
jhowever,! provisions will be made for the wave height in the free-

board consideration. 

A. External water pressure;· 

The density of fresh 'water is 1000 kg per cubic meter. 

The total pressure of quiet water on a submerged rectangular 

area A is () All/2 where ~ is the densi t.y of water. The force 

is normal to the surface. 

D. Uplift. 

Uplift is t.he upward force exert.ed Py t.he water that 
> ",,?0_} JI t.......'l-o 

percolates through a dam. This occurs at all levels. At the 

heel of any section the pore water pressure corresponds to the 
J ... .,. . J',-"-,: Lt \ ~} r-'''''-f"'tt 

head of water above the section. The result is a/reduction in 

the effective weight of the structure above it,which is-un-

desirable .. 

In 1952 a report has-been. llUblislled by a Sub-Corumi ttee 

of the !l.lllerican Society of civil Engineers who l'cviel'1ed the 

data available for masonry dams. Un:fortunately~. the evidence 

was not sufficient for the Committee to prepare a specific 

code for dealillg with the effects of uplif't. IIowcver the majority 

had the opinion that when designing a new dam it was advisable 

to assume -that the uplift pressure affected the whole area 



of the dan! at any level and it would be advisable to assume 

that this p~essure varied linearly from full hydrostatic 

head at thebeel to:the actual.pressure at the toe. 

c. .Eart4,guake forces; 

I.have carefully .studied the local conditions and 

particularly theseismographical history of the region an(I 

found .that tlle site is very close totti~known active faults. 
<P',/ 

Therefore the dam must be so designed that it can safely 

resist the inertia effects caused by the sudden movements 

of the earth's crust. 

II In regions of Imown earth_quake activity; accelerations 

of .Ig are usually assumed to act on the dam. This value of 

.Ig se'ems to be standard for dams in seismically activo regions" (1.) 

The horizontal force Em on-the concrete block acts at the center 
,.-::.~---..... 

of gravity of the block and is equal to\CW.) 
\ :' 

" t· 

In the a DiscUllsion of pressures on a dam dUring 

earthquakes Trans. ASCB .vol. S8 J 1933. T. Von Karman 

suggests that the ii1cl·ease in the hydrosta:tic pressure on the 
() 

dam be computed from Ew=.555 kll~ where k is the ratio of 

acceleration caused ~ an earthquake to that of gravity. 

The force Evl acts at the distance 4IT/3u above the botton of 

the reservoir. 

nAn ear:t!lquake movement. may take place in any 
,~.{'., '1 :') ., 

direction/ but for a gravi ty ~8;~>:reservoir full the most 

unfavorable direction is upst~eam normal to the axis. 

I 

(1) Elements of Hydraulic Engineering, Linsley and Franzini 

ilc. Gro.'\1 Hill I055 

(:B) 

," i 
! , -

~) ! 
)\'/>-1",1;" .,. 
I 

\,. 'i ._, 



The corresponding force· acts dovmstream. For reservoir empty 
1 .. .. . . 

a downstream acceleration is more unfavorable. V·VI/.) h-c?L.>-. __ 

A vertical acceleration changes the weight of the concrete 
., , 

and the water in the'same ratio. ·Considering these clements 

alone the l~esul tant is not disphuie(l from theposi tioni t 

would occupy if there ,vereno earthquall:e. However the stresses 

are changed. If the accelera.tion is upward the stress is equal 

to the no-earthqualte stress multiplied by (I+OC,). which is 

generally less than' the stress' for an equal llOrizontal 

acceleration. If the acceleration is downward, the multiplier 

is ( I-O(). For small deviations from the horizontal the 

ma.~irnUlll stress may be slightly greater tIUID f01' a horizontal 

acceleration of equal value but the uncertanities in the 

value of 0<. is greater than the difference in the stresses." (1) 

Iii the design, 1U order to be on the safe side, I will mlopt 

an earthquake acceleration of .log and also assune that the 

earthquake and the highest water act at the same time. 

I will also allow a IO$~ increase in the maximum existing 
, ' 

stresses for compensation of a deviation irom the borizontal 

acceleration. 

D. The weight of the dam; 

The uni~ weight of the concrete varies slightly 

depending on the ingredients but in the alJscnce of exact 

information I l1ill assume 2400 kg./ mS for the design weigbt 

of concl~eteJ \'lhi~h conforms to modern practice • 
• 1 -. 

(1) I5nginccl"ing :fOl~ Dams, Creager ,"Vol. 2 John Wiley and 

sons, 1945 



E. Reaction of the foundataon 

If we let ::E.,.V be the resultant of all vertical forces acting 

oIl,the .. dam. above the foundation and ~ II , the resul taut of 

all horizontal forces, the resul taut of £. V and 2. U wi.ll 

. represent the resultant of forces acting. 

In order thaot static equilibrium is established this reBul taut 

. R must be balanced by an equal and opposite reaction of the 

foundation. 

'l'herefore the total vertical reaction of the foundation will 

be 2..Vand the. total horizontal shear or friction equal to 

:E 11 •.. 

\ . 



DESIGN ASSUMPTIONS . . 

Ie·' All loads are cQl'ried by the gravity' action, or weight, 

of vertical, parallel-side, cantileversuhich receive no' 

support from the adjacen~'elements'on either side. 

2. Unit vertical pressures. or normal stresses on horizontal 

planes t are assumed to varyunifor11l1y as a straiL~ht line from 

the 'ups:bream face to -the. do\mstream face. 

3. Horizontal shear stresses are assumed to have a parabolic 

variation acrossnorizontal'planes from the upstream face·to 

the'dolmstream face of the dam. 



nEQun~,w..mNTS FOR S'!lABILITY : 

The principal factors in safeguarding gravity dams are to 

ensure,under all kinds· of possible. loading t 

I. The principal vertical and inclined stresses at nnypoint 

in the. dron or the foundation shall not exceed the safe value. 

2. At no point in the structure, tensile stress shall be 

allowed. ( Since this criterion means that the resultant force " " \ 

within the middle third of the base ,the danger of overturning 

is automatically eliminated.) 

3. 'The tangent of the angle between the vertical and the 

resultant of all forces acting on the dam above any horizontal 

plane shall not exceed tbe allowable coefficient of friction 

at that plane. 

4. All assumptions of forces acting on the dam shall be on 

the safe side and unit stresses will provide ample margin 

against rupture. 

With regard to overturning, a gravity dam will be stable 

against overturning if stabilty is obtained against sliding, 

if the stresses are within allowable limits, and if adequate 

measures are taken to secure a stable foundation. . For this 

reason the computation of an overturning factor of safety 

is unnecessary. 

t / 

J 
t. 



CRITERIA FOR DESIGN : 

Allowable ,vorking stresses: 

tI Under noroal,loading conditions an allowable compressive 
t" 

stress of 400-600 psi (280-420 T/mW
) is generally specified for 

massive concrete d.a.ms. The max. allowable shear stress is 
., 

generally SI)ecifietl as 100-300 psi (I4Q-2ID T/m'-) or GO% of the 

allowable compressive stress.n (1) 

The allowable stresses that I ",ill use in the desi;:~n 

will be conservative in order that safety and permanence. is 

secured • .£m allowable compressive stress or 280 Tin;;' and an 

I 2 allowable shear stress of 1,1:0 T III arc specified. 

U For dums built on poor rock, the sliding factor is 

generally used as the criterion :for sliding. Since it includes 

no resistance other than friction this factor should not exceed.8"(1) 

Foundation pressure: 

n In generaliJ a value of 2.0 or more is a desirable 

. ratio of foundation streng'lill to allowable bearing pressure. 

]'actors of safety for pressures of conrete dams on rocll: founuo.tions 

are of large magnitude. 

The average compressive strength of rock fOU-.'1dutions 

range from IOOO-20,OOOpsi tI(2) 

The rock foundation of the pJmus drul is relatively 

poor but even the lowest allowable compressive strength value 
. ) -

will provide the desirable ratio of 2 as the m~'"t. compressive 
J 

stress allowed in the concrete will not surpass 400 psi. 

(1.) "Working stresses for· axially loaded concrete" 

Lab. Iieport No C-277 U.S.D.I.D.It. Denver, Colorado 

(~~) Earth lianual, U.S.l1.I.n.U. Denver, eolormlo r95I 
('"2.<0"\ 
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'rmTATIONS: 

1I ••••••• Horizontal component of the reservoir load. 

U ••••••• Total uplift force on horizontal section. 

tI ••••••• Dead load weight above section 

Lw •••••• Increase in unit water pressure caused by earthquake 

En ....... The inertia force caused by the eal·thquake on the dam 

.::.V ••••. ,AIgei>ratic summation of the vertical ,components of all 

forces. including uplift but exclusive of the reaction 

of the joint. 

~ 11 •. .- •• Resul tant horizontal force above section 

Tan 6- •• Angle of inclina.tion of thoresul taut n of 'the forces 

with the vertical 

e. ' •••••• Eccentrici ty, distance fron the center of gravi t-y of a 

section to the resultant force 

v U 0", .••• nit weight of ''Tater IT/illS 

Dc. ••• Unit weight of concrete 2.4 T/m;; 

X •••••. J)istnnce, in meters, of the:resultnllt of all lorcos 

acting on a section,)from the lowest pointofthc downstream 

face of the section 

----X .•••• • Distance, in meters ,'of' the centroid of the dum from 

the lowest point of the downntreaCl tace 0:1:" t;le section 

~-u ••• SuIlu:mtion of the overturning monents 

:!.+H ••• SuuIlllation of the righting DOl;}Cnt3 

() •••• Normal stresses at the extreme fibers 

cr: ... Stresaes parallel to the face of the dam 

'T •••• Average shearing stress along the plane l>ctween the blocIts 



FREEBOARD : 

Freeboard hr the vertical distance be;Ptvcen the crest of 

the dam and the maximum reservoir elevation that would be 

~ttained during spillway design flood. 

The amount of freeboard is generally determinell after a 

consideration of the following factors: 

. I. 1faximum wave height 

2. Relation of spillway capacity to flood.rruloff 

3. Steepness of upstrppn face. 

Since the upper portion of the upstream face that l'lill be 

exposed to the wave action is vertical and the desil~n capacity 

of the spillway is very conservative,theae factors are of 

little importance. 

The height of waves depend on the reservoir fetch and 

"dnd v~loci ty. The ma·daum wave height cOl·responding to an 

assumed wind velocity of 60 Ed/hl' and a reach of 4: miles is 

calculated by the Stevenson-Molitor formula 

Zw= .I7..fVwL + 2.5 - .~ 

where Vw is tile wind velociiiy in ai/Ilr 

L ia the fetch 

Zvr is iihe wave height in feet 

~ .1 
Z,v= .17 "OOx4 + 2.5 - ~ =3.83 FBET = 1.15 meters 

A freeboard of 2 meters is accepted in order to get beyond 

the reach of wavef>i IlPpearence and fOl' other incidental 

purposes. This is provided. by one-'l:1ete~' 0.£,' pal!aph~:f;-.u.:d_L 
• ;:",}."" { .- \,,' / .... ,., ~ trl~.-;:- '-·--,_,,~,L~:" 

-'UlU-·,one -seter-'or'the ' extens·ion t of -tile dao section a.bove tIle . ~ . 

high watel' 

(t,o) 



nEIGHT {}ii' TUE DPJJ : 

. The crest of the dam including the freeboard allowance 

is at an elevation of 795 m. 

A study of.the profile of the dam site will revenl iihe fact 

tllat the maximum height of ·the station 0+[;3I is 55 meters 

above the original foundation level ~1l{1 the dam \1il1 extend 

a!l additional 17 meters below the ol'iginal soil level so that . I; L.I/ !LL;') 

/ L')., (~v'\i~\' 1-) ~-!\' 
it will rest on a reasonable sound rock layer. 

TOP WIDTil : 

The width of tnecrest of. gravity dams. of moderate heights 

vary between 10%-113% of. the height., Though a heavy iiop'section 

is a. disadvantage when earthquake fOl.·ces are involved, after 

some trials I had to choose a top width of· 10 meters (.I·,m) 

in order to l>rovitle the necessary 17itlth for the 1011C1' sections. 

( ttl) 
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Reservoir full. Earth(}lake upstream' normal to the axis. . ~," 

Vertical forcesl 
Forces 
Tons 

Lever 
'Heters 

; '" .. -.. 
J 

; .. ! y'H~:,! 

(;:.;) I 

'1 2.4xI35 324 

Y - -
" . 

U ?JxIOxI, -75 
, 

Horizontal forcest 

H. 

Em. 

Ew 

--

ixIOxIO 50 

.!5x;24 48.5 
--

- -, 2 
, ,.55.5x.I5xIO 8.4 

<E: li:= 106.9 

3,000 - I196.2 ;: 
24~' 

", i • 

" 

1 

,.000 
l 
! , 
I 

- - I 
! , 

10.0 -J50 I 
·~:/.)'"O , 

--- .> I 

! 

;Z .... 1-1 :: 3.000 

'1't.;" /l.\ ~~f-~f ! 
j -

, • 

3.33 -I67 

-J.-..; 
5..05~" -245 

.// 
, 

4.25 - 35.6 

.. 
Resultant within the middle./ 

third. 

At this height inclined and vertical compressive stresses need 

not be checked since they can:: I not be critical. 

I 

t 

,--



~ 
Reservoir full" Earthquake up&treamnormalto the axis, no UPLIFT 

Resultant within the 

middle third. 

I U j\A f..ct.-.. 
Reservoir empty," Earth Cl.take do~t.ream normal t.o the axis. 

-X :: 
,,,000 :+ 245 

.?24 10 =: l5x2 - Resultant at the middle 
3 . 

. third. 



BLOCK 11. 

.'<<----- \5m.------_ 

.1 

1 

3\ R\.-----'----------

\'3'5')( ~~:8 :=: "'!.\60 
300 JC %\.'$ = (;llSO nill \9·Lt m. f'l"~ t,.. ~o 'I(, ~~.':l .. Goo ~ = = 
140 xU :" '~'o 

-::s~s 

3 
S9S "540 

1'1"i II '-'5 =. "3'320 
~4£(S \9..:5 0\. f .. o .... bQ3e y = ::' 

"3DO '< \0 '3000 s~s 

~o x C;.6':\-"= '- 'OE'.S' 
140 l( b·t.~::--

'1 4~~ 

(Its" ) 
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nasen-oir full) Earth ~ako upstream normal to the axis 
Vertical forces. 

...... ; .. ;.,.~6>:"< 

tI 59.5x2.4 

., 2x10 .... ix1Ox20 

U ~x,Ox'I 
-~ 

Horizontal forces 

R ix,Ox30 

Em • 15x1422 

Ew 
2 

.555x.I5x3° 

, 

Forces 
tons 

1422 

,0 

465 

lf50 

21, 

75 
--

Level" 
lieters 

19.4 

,1.2 

20., 

10.0 

12.5 

12.7 

,.,. *"-.::. 
·G7:5 

£.Q - ::;. 
'9~ 

i4:oment. 
Meter- Tons 

- , , I .... ....... , .... ' 
27620 

936 

:"9440 
, , ..... 

-4500 

-2660 

... 950 
>. 

. /tl-tJ'J- V'{~vtLt..,A 

~ ~. ~ j--y- j3 



Resultant within the middle third. 

~o inclined and tho vertical e.trc1Jseo at the too are obvioUBly 
leso than the prevlo\U.lcaso t..f.torcforo need not be ealc4Jlat.ed. 

_ 1451. (l ± ~lt) 
U\-\i.~1.. - -S \ "3 \ 

cr ~~€. \... -:: 33 ~ 5 " /m-1.. 

__ • 2Z620 t 2669 
oX - 1422 

<r \4~ '(' _ bXS.~) 
"- l ,c~ - , "'"'2.\' 

~\ ....' 

21.3 ,.2.0~T 'rho resl.lltant fal18~ slir;1ltly 
out or the clddle t..h.ird. 

1: believe that undbr t.~e- f«~l"'$t. 

./ 

I 
J 

; 

( 
conuitionS.SUCh n 3mal, 1, tension 

especially at. tho too may be 
neglected. Therefore ! do not. V 

_ .' make another trinl. " =-- .::> t>:>\. ' , 

" 
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Max. WoJe .. level /' '--__ -I 
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.1 

'31 rt-t. 

, f ~l :;3B ,/ 
L-______ ---,...l!.f'~8.:.:.~:........"".:..:.. __________ ... '=.3 ... --- --

5'~5 'Ie ~2.·lt =­
':1':f'S )( 3"-0 = 
21' It ,~.o .... 

'2.'Si JI. 5'S.'t. ~ 

2.'S'.too 
.2ea ~oo 

42'!.o 
'14 :so 

G ~.liO 

'5"c,)'S x '?rf.'f':=. ,,~'Z6 0 

~"''S ~ 12.-r == ~":\Ob 
144 If. !."!o::o 2:R$u 

'348So 

y ... 34~'S'o :: :to.~ "nun \:,CV)~o~ \:,\Oc.\c. \IT 
,~uc 
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, 

Rescnolr full~ Earthquake upstl'eem normal to 'the e:d.a. 

Vertical fore en t 

j 1714:=2.4 

Yw- 170 82.5 

u' ~55X58.5 
' , 

" 

-II! , ! 

I , 
B ix,55x5' 

2:m .l5x 4125 

.Ew -555.'t.I5x5%55 

- 12~ Il'\ 7 it::. .2 8'~ u)' 
, 

4125 

2;2.5 

1600 

.-

1510 

618 

252 

;8.5 -5 .. 8, 

L-over­
!U~ters 

36.; 

54.7 

,e.9 

18., 

20.3 

22.9 

Ua.nent 
noteI'. l'pns 

149.500 

1;,800 

.... 62;>00 

-27,800 

-12J500 " 

-5.EOO 

, .. -... 

f.cDultant within the mi~Ue third .• 



Reservoir fullS' Es.r1;.hgmke normal to the axis, no uplift assumed 

~ .' - Resultant within the middle third. 
X := 

Reservoir empty"oEartA91ake downstream norow 'to the axie. 

- _ t4Q .. SOG+\'2.J 500 .:::. "39.9 
X - , 4'~S 

G\il - • \5 -- ' 

4\~s 

4 \~.;. ( \ -± ~ 
~O€ --

~\£E\. 
Si.':> 

<l':eE\.. -r~ -a. 
J 

- \4'1. \'W\ 

I .; 

(floc =- 0 

/ 
I ' 4S'ltA1-\S \-\£ ~ l. :::. 1 

.... > • _ I '. bit ..... 1 •• ___ • ..,._ ........ _ ....... _ ... .....--_____ • __ • __ 

• The minimuJ:n water level could be aesumed but,lI.iJ:D this assumpt.ion' 

is on theaafe side and fe..oiliatesthe proble.~i 

['So) 
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:!Cu~oo 

",'SSo 
''So 

\08,000 

bltOOO 
nco 

$()O 

':l;1.ooQ 

X 

t" 

f{ 
= ,()~,00~ = '38.8f1. ~("o~ \:;" 

2:=l~~ 
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,-

'. nese!'Vol~ Ml. t\ari...,. quake . upstream normnl to the axis 

Vertical.forces l 

, , 

fr 27$5x2~4 " 

if] 
. 

. ' . 
t1 ix62.5X55 

, . 

!t " 55 ""5 ;SX ;t, 
·Erzl .I5x6700 

;'.' 

2 lbr' .5.55X.!5X .5.5 

'. F.orcos' 
Tone 

. 0700 

452 

172.0 

1;)1:0 

1000 

252 

! j 

I. 

,LeVer' , 
i~!eters 

3S.3 

62~5 

45.0 

35 .. ' 

25.0 
.} 

39.9 

.. 
~om.ent . 
~ete1'lt- 'lona 

2£6.000 

28.300 

-71$1;00 

-53.2-~ 

-26.000 
" , ~ - \ ~ 

_10,000 

" 

ReaulttU'!-t ,at the l!l1ddli&th1rd~ 

! 

---(~~;~ ~D r/v-~A ! 

" '~ 



Resex1roir fullj', EarthC},lake normal to the axis" no uplift assumed 

- 27.9-.> 22.5"'1 Resultant within the middle third. -X -

Resenoir empty" Earth.<).1ake downstream normal to the axis. 

- -x -

,;t. 1000 ,-
Ten \.1 - 'g700 -

Resultant... within th& middle 
thl.rd. 

1'he. mo.)<. S h€Qrill~ s~C'*,s.s = . Y~I":Ir 
~ (1J..4TfmL 

-n, i ~ i ~ c..J e 1/ £1jr/ hi II tke 
1:11101.0 cui "1/ o/oe . 



AI'A>UT THE CENTER CROSS SECTION ; 

I have to accept that I ended with e heavier cross 

section than I expected. However the specifications to which 

I conformed the design are more restric~ed than the assumptions 

I:lade in the design of the existingdarus. 

I. Uplift in most of the existing dams has l)oen assumed to 

vary from .5-.67 of the full hydrostatic pressure from heel 

to the toe. But. recently The U.S. Dur. of reclamation has 

sug::;ested the use of full hydrostatic pressure rather than 

a percentage. Therefore I had to consider full hydrostatic 

pressure. 

2. The accepted acceleration of the earthquake (.Iug) is 

also greater than the assumption made in the design of most 

of the existing dams, however I believe that this is not an 

oversafe assumptionfor the site. 

3. The a.ssumption of the earthquake and the maXimUL'l 'Wo;ter 

acting utthe same instant is also very conservative but 

requires ,8 heavy section.. 

A s·tudy of p~ existing dams in the U.S. ShOl'lS that 

the vertical and the inclined compressive stresses allowed 

in this design is very near to the allowed stresses in the 



Uaximum compressive stresses 
Vertical Inclined 

Height Heel 

NORRIS 

ALMUS 

CIO~~ increase 

242 33 700 , , .. ' 

243 ,:3;~,OOO 

39 600 
': " 

;~,c\­
The units arc~psi 

,.. ," 

Toe 

28,'<}OO 

>32,500 

35 750 
, " 

,Heel 

3u,OOO 

.' ' .. 

Toe 

4I,000 

, ,3G" 2,0,0 " 

39,800\: 
./ 

re~ ,lju\.~(!. ," I u 

Fricti'on factor Tan a-,aliow~C¥n the design is .8&. Usually 

a 'frictio'n fa~'tor of .7& is assUmed' and my assumption may not 
, '" ", ..."., '" " 

be considered ~ s'afe t but this figure is solely for the earth-
! 

qualces. Again' a study of the' existing dams reveal that in 

tlte design of 'Shastadaa at about 200ft. 'above base Tan e- =.90 

is allowed .. ,ElephCl-l1t Butte dam is designed with ves.p,c.c..t_.to 0-

friction fac't~r of .85.' ' 
~'- i.",.":",- ~~[ ?\.. ~ ...... (..- ~L- f"f A('~~~j, , ' ,1" ~ , ' r ' I 

No tension is allowed in i;h~onert!t"e-'bu-dy except at an 
• I 

elevation of 76am. at 'the toe a tension of 3 psi exists ... 1.\rL ....... \f'-L- \-tvC'N 
I 

vs ,t...--·ri 
This is a very slight value and anyway the practical dinension 

of '·the cross secti'on will; deviate to some extent from the theoretical 

cross section; designed; also 'the assumption of the minimunl 

waterlevcJinstead'of empty reservoir assumption would diminish 
! 

this tension~ 

'Since'the dam is pl'aced quite deeply into "the foundations 

Ido not find it necessary to provide a key. 

(s-s) 



SPILLWAY ASID SLUICEWAYS : 

'.rhe purpose of a spillway is to provide a menns for the 

passage of flood flow.s without damage to the dam or its appurtenant 

structures. Therefore a spillway must have the capacity to dis-

charge the max. flood estimated. lloTlcvcr sluicel1ays may help to 

share the max. load. 

Sluiceways for a concrete dam pass through the structure. 

It is advantageous to have a number of sluiceways rather than 

a. sin~le large capacity sluicewaYI~o~~ for structural reaso~s 
j~ iVt.rvh.,;",-"C.. 

and ~facil.ity of 'bhe control O:fA~uantity (o.f-·di-scharg.e..l!Si 

~erm~~gulat±on"of ouii-f-l-ow......wi:th-tbe-v.al:v:cs-wide.-

~- A ....... 1~t:- -4 /y-'l-v, ~,(!.- . 
I f.inilp:iiuse:Cull-=-t;o:=::uaceightsluices ( circular f 

. '. .' 'f ,'.; ., . 
y.......f.,,-t ... t,.....w(.f., -

because square-etlged entranccslllay cause cavitat.ion.) . . . '. . .'. . A'· '. 

located at two different· levels. These sluices will also llcrmit 

discharge of the fine sediments .. 
~~ _.. ---·-··· __ .oL ___ ~_~ ______ ' __ • ________ _ 

Th~ max. discharge ( in case of flood) through the 

sluices' is found by the formula 

.'Q=.7A ~2gh 

. \L,...vt.. 
The diameter of tb~sluicewaYh is 3 meters and the average head 

! 

is 25 meters. 

Asswlling that three of these sluices become in-

\ 

operat1ve to be on the safe side though traah-:racks are proviued, , ( 



the iotal flow is 
I, 

) :::33,500 ft'? sec. 

The discharge of all overflow spillway is given by the formula 
3/2 '., ',.,' . 

'Q == Cw, L h "--,- rv~7 ~L 'NII./lV'(1f~' 
'J" ,r 'f'V 

where Q is discharge in ft3t sec. 

L is the lengih ~f crest in fect 

II is the head on the spillway in feet 

ewis a coefficient which varies from 3{ at low heads 

to 4: at high heads. 

The max. flood was. eEtimatedto;;:be .,7Q,500 ft3/ sec (2000 m
3Jsec.) 

.' , ' '-3<~: .:~;. 

<ls= 70,500 - 3:3,500 = .37,000 it I s . .ec 
AssumiIlg;ew == 3.5 auda max. head of 3 t.lcters .(9.9 ft.) 

the required length of the crest is 

L == _......;_....,_ 
;.;,' 3/2 
C1'1.h 

The choice of gate : 

::: 

37,000 

----'!"'37..,!..~}' 
::: 324 ft 

3.5x 9.9 

In general, the volume oithe concrete in the crest of 

a spillway ahd the cost of the gates and their operating mechanisms 

increase as the discharge head increases. This indicates that the 

spillway should be as long as possible in order to effect a 

reduction in head. 

The most common types of gates are: radial gates, 

vertical-lift gates, drltm gates, and roller gates. 

Hadil:ll gutes and vertical-lift:s gates are simplc in design 

but thDse gates are for relatively short spans while the drum gatc 

offers. a long unobstructed c.rest • 

I 
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I believe that it would be adyantageous to use three ros it span 

, drum gates instead of providing 6 or 7 shorter spans and using 
f!.,),r~"',?>v'iC •. _, 

radial or vertical-lift leaf gates. - L' I I 

Another advantage of the drum gate is that it is 
/'- q ~/:I- C-v--"'.L.> 

operated ~'--.It 

entirely by ~ 
~.,. 

hydraulic pressure. This feature introduces un a C,' ..... ,'''''/j...'"vv(...,.c 

addi tional :factor of safety ill that its Ol)el'ation is assured in 
-

the event of failure of a station power system. 

A drum gate also conform to the shape of 

when lowered
1 

A"iV+ ~ F if~- c...f'"c..dL- '6-c,..t,...t/'"WV{,.l 
f 

Trashrncks: 

the ogee crest 
.1 • ""'~""\'vrL"'L-J./ ~.(.J 

l'rashracks are used to keep out of tIle conduit any objection-

able large debris wbich may result in rendering the sluices inoperative .. 

The load on a trasl1raclt structure is normally very small. 

Trashbars will consist of flat steel bars set on edge mld 

spaced 1u cm. apart. The bars ,\1ill be assembled into sections and 

held in 1>1o.ce by guides in the trashrack structure. 



of a sound, impervious, end consolidated base Co.1)o.b10 of wi tl1stllntling: 

all 

an average depth of S meters of alluvial soil and decomposed rock 
bl.~ 

above 'bhe-t"'CaS"ona~ sound rock, fomntnti.1>liT 

D. 'l:'"~~ jiubsequent O1:teFnti'UIls""""Cnnsisting-vi'"" grouting and t.r>J-nr:<A.. -f 
drainage,treatments.--

The excavating operationmnst be conducted in such a mnllner'that the 

damaged. 

some parts of the rock is cracI\:ed 
~ 1...rJ1 "-"} ?'t. r--)~, ('w;f..:':-~ 

and contains seams and faults. In order to clean out the seums;\i t ~ 

will be ~ecessary to ~~0jets of a'mixture of air and 'flater under 

high pressure. S!L®-a~t-wrl:l-aTso-cre-tiD.-ijn:~a'Ck-sur:flree~-'~"' 

A clean rock surface is necessary so that the concrete dam shall 
;. 1-t. ,t~\ }~l.t..vr 

hmTC the oax-i.amn-pbssi.hl-e bom! wi tIl the foundation. I 
,l..r:"'~ j ...... 

Narrow seams and faults must be grouted after was~~ case of 

wide seams, broken rock which fills them !'.lust be e:ca~Jated and the 

seams must be refilled Tlith concrete. 

The principal objective of fOll..'ldution grouting ~s to 

establish an effective barrier to seepage, thereby reducing hydrostatic 

uplift under the structure. A secondary objective is to consolidate 

the rock under the structure and thus secure a monolithic 

foundation. 

({;o) 



The final treatment of the ~oundntion is to provide drainage. 

Al though a well, executed grouting program will consic1cl'a.bly 

" () I ," reduce' seepage F'" menns must be provided to intercept tb4l. 0·n_<l·t.; ..... /'-\. ... ''if 
, 

water.~which)wH,l-percolate....thr..oUgh=<Uld.. if not removecl, may 
, u~ 

build"up prohibItive hydrostatic pressures '6tt the base of the 

structure. 
~f',-, r:-vA-) ~ 

Drainage is provitled by drilling !SO!::1e-i:i:rres-tri holes 

near the downstream face. The holes are 3 inches in diameter 

at a spacing of 1.5 meters llnd the depth of the holes is about 
- ----_._---.----- _.... -<"~-..=--.-' -~~~-~~--

30% of t~e hydrostatic head. (1) 
'~-~- ... - _______ . ·"·~ ........ _...;r~-""'·~ 

In order to provide drainage for 

the"upstream face or S~g through the 

access to the interior of the structure for observing its 

behavior after completion4are constructed in the structure. 
"" galleries 

Thefaundation gallery extends the length of the dam neal" the 

rock surface. in plan it is near and parallel to the axis of the dam. 
. , " 

A supplementary drainage gallery is located further 

downstream. These galleries also serve as inspection gallerios~ 

Steel reinfocernent is required in the vicinity of the 

galleries since stress concentrations will be induced. The 

amaunt of the reinforcement must be based on the experimental 

determination of stress concentrations obtained by t!1odel tests. 

(1) ..... "This is the suggestion of the U.S.Dept. of the interior 

Bureau of Reclamation. 



Cancra! lni'or.!mition 

Storage :('01' irrigat.ion, 
flood control 

Drainage areo.; 2"'~7' 2 ::;:; .cn 

" 

Goncrete Volume: 556:490 'm) 

licservoir 
--.-.-~ 6 ~~ 

capacity~ 670xlG m/ 
IrI'igat~ion a:,'ld pouer 
l:ead storaze 
Flood co:nt.rol 

foundation : Ji1desite 

Capacity; 

~>trru.ght concrote g7o.vlt:~ 

~t.ructul'al hci1:'!f1t 14 m 
Hydraul,ic 2leie;I"!t 55 i': " 

~7 ._."..--
Flax. base id.dth ~> .~ Cl 

~op i'iidth. ro ::.1 

Oreot length 112;5 ~c 
Freeboard 2 m 

?.":l}OOO \tw 

'{"'Q~_ gD Ci... c.:"I/"(':V~~ 
C.c,-,~v L.~'?c-(it 2.-

'"V+ 1MI~e,... lr_c._e( 

.::/ S; ."'<'1 cv.>-el 
~ ',,&V't(~ ,~ 

tfvv( 0.. 

~luiC~i"Je.ys : 2· clrcu12.r sLdceo locetcd at hIO differont le<vcls ' 

1:!!2PE. 9~ interest. 
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Station Elevation Average 'Vo1u:me, Distnnoe Volume -,. 
'o!t~ per, linear.:' i't':'i . ' . ' .... 

I~ 
(.;.' m' . "IV)' ..... m m? 
l 

" :; " 

0_080 72,2 

.0-082 792- .24 10 240 ,r 

0- 092 788 60 10 600 

0- 1°2 784 ioo 10 1000 

o - 112 . n7 2~ 10 2400 
" 

o. t22 112 'c ' 2§0 10 2800 

0 .. 125 766· '5i!9 10 5400 
I. ~ 

0 .. 145 762 . 680 '. 10 6800 

8. 122 . 7:22 1000 .10 10000 

o ... 1§2 742 ' 1410.," 
I 

10 14100 

o .. 172< 73& 1700. 10 17900 

o Iii> 185 733 f050 ' 10 20509 
? ... 195 7~ 2;320 1-2 20100 

0 .. mo" 122 2.700 :2 13720 

o .. ~· 722 Z150 2 13750 

0 .. 210 722 .2750 / :5 127;P • 

o ~ 215 
. ~ 

722' 
, ~ 

2750 .2: 12722 
0 .. 220 ,'121 2800 2 111000 

,I 

0 .. 222 ",72.1 2800 2' 14000 

q .. 220 . 721 2800 , 14000 
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*. 

Elevation of 
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Estimation of the total amount of cement reguire~ 

The measuring of the quantities of the constituent 

materials of concrete is done either by volul11e,or by weight. 

The latter method is much flore accurate and will be used here. 

For the interior of the gravity dWa n lean mixture of 1:3:0 

will be used (~!4:0 ls:g of ceocnt/ m3 of concrete) .' 

For the faces of the dam a richer concrete of 1:2.&:4.5 will 

be used (300 kg of cement/,m:> of concrete) • 

Assuming that 1/4 of the structure will be constructed 

with richer concrete an average of 

240x3 = 720 
300xI = 300 

1020 /4 = 255 ls:g of cement/ rn3 

will be used in the construction. 

This will amount to a total of 35G,OOOx255 = nI,aOO 

tons of cement. Assuming an additional cement consumption 

of ~~20 of the estimated figure, for-foundation treatment I ~!.e.." 

and spillway requirements, the total consumption of cement 

is 109,300 tons. 

Cost of cement: 

The price of cement is 140 T .1./ ton. The total cost, 
I 

of cement is I09,,200x140 = 15,250,000 T.L. 

Cement will be transported from Sivas, where the cement factory 

is, to Artova by freight train and from Artova to the dam 

site by trucks. 



Required equipment nnil machinery: 

Item capacity number 

Concrete Lab. equip. 

Carpenter shop 

Concrete mixers 

Concrete enjectors 

vibrators 

\'{agon drill 

Conveyol' belts 

Trucks 

Dulldozel'S 

Powershowel 

Cranes 

100 l.g 

50m3/hr 

10 T 

5 T 

3 T 

High level mixing plant 

Low level mi~ng plant 

ea bl e\'rays 

DUI!lping buckets 

Station wagons 

Jeeps 

Busses 

Unforeseen 20% of the expected 

4 

5 

10 

2 

3 

10 

5 

3 

2 

6 

4 

() 

3 

Wlit 

300 

5000 

4000 

22000 

IOOOO 

12000 

30000 

25000 

32000 

80000 

45000 

30000 

GOO 

GOOO 

4000 

IOOOO 

TOTAL 

I'rice $ 

total 

·3000 

10000 

12000 

220 000 

90 000 

36 000 

GO 000 

GO 000 

64 000 

_ . ~.O_ 0pO a ) ~ ,_ . 
I \ .. _v 

4,5 0000 f { 
I ,~ 

30 000 

3 000 

20 000 

24 000 

30 000 

!l0I 000 

160 200 

$ 951 200 



The total cost of the necessary equipment and machinery 

is estimated to bem 9~I.OOO or T.L. 8,650,000 • 

Assuming an.average useful life of 7 years J the direct cost 

of the machinery is the number of years the dam is under 

construction multiplied by 

8,650.000 

7 
= 1,235,800 T.L. 

(Annual depreciation) ~ 

Cost of the spare parts will amount to an estimated 

30% of the annual depreciation. 

(6~) 

, , 
... d ... t'\ ~tw2» .... ,..l.~v ... t..-,t.,~ ... ~';> 

.LA 
tv:r~1 / _J/ \ . -) /0 

) 



Estimation of personnel required and total payment:. 

Humber Average daily Total daily 
payment payment 

Engineers ruld Administrators 12 .75 900 

Superindendents:and Porenen 40 40 rooo 

Sldlledworkmen ·ISO • 25 3000 

Equipment operators 80 28 2~;40 

Lie cllani.cs:. 24 28 673 

Unskilled laborers 400 II 44~O " 

Physicians 3 60 180 

610 ' IS!H):3 

In addition to gross daily wages, 12% is added to cover vacation, 
"=~>.-- ' ..... _... .. .. . " .. _N." 

sick leave, accident, ins3U'ance and 'Workmanscompensation. 

Total payment to the pe:rsonneit is estimated to be I~,88!O ,T.L./ Day. 



Estimation of the total construction time: 

The time required t6 construct a high concrete dam 

is usually long because the mnximum height of a single pour is 
~:-- .f-r-~c c-

about 1.5 meters and each block i-s-tt> be permitted to s:tay few 

days before another is poured ne~t t~~ or on top of it. 

<'O._ ... _l..~ t"'v-ih- - t' - -II t t ) d 1- - t- bl - . 
-.utrll-~-n-: ~s case ll~S W3. no ,JO a spee J.rn. ~ng pro em s~nce 

the dam is relatively long and not very hi~h. 

Ii', inclmling the foundation treatment it is assUl:1eu that . 
(3.) 

the daily average usc of cement is alJout 2QO Tons , the time 

required to construct the bouy of the dam will be 

= 547 days 
200 

assuming 'lihat the work will be continuous. , . 
c ....... "F ;')-rc...r-::...s..:. 1'--~ 

However an ad(l:!:~~?E!l.! .time due .to. camping, P1.~~~.:l1.IL!1.!~ __ .!!~.~~ssary 
------~ ~ -- -.,-------.".-" 

machinery_onth~.site and the excavation to solid rock need be taken 
...-.-_.... . (1 

II L /1 into consideration. ~ 'V1rbS ,t-J' ... 
-----._., ...... -. '." ~ 

Considering all these factors my estimation is that·the total 

construction time will beg years. 

(1) Average daj.ly use of cement Of the Snriyer dam l:aB about 

ItlO tons. Howevr due to insufficient transportation thfl work 

had stopped for quite a few timcs~ 



TO'l'AL FIRST COST OF THE CONCHETE GRAVITY DAM 

Cost of cmJlent 
r=-r-,an-s-p-o-r-t:-a-:ti,:-:':-o-n-o-=r:--;--e-m-e-n"':'""t--='""by-:r-'r-e-l.-· g-l-lt-----) 

L""i~ Reinforcement Steel 

~,,'/) , 'r:rPv 
" D, eprs:ciation ... of ccluipmellt and machinery 

:f 07J ,rov ~ :: I i'Q 0 ~ "-".... e.. s;-o --
;, , t. Spare parts ' . 
rt/~ "hh!V\.. ~,f~t~! Total payment to the personnel 

CjV.,f...l,,%, ( ~s~<t! ,water 

iL,'$5 (Joo O".fO CaJping expellces 

tti~, ~~ if~ GyeGOt>, (i~\Ao> 6,f' ;s~ e 10.-
,"'- ,\.'n _"I. cO: Cost of fuel " 
''"'''''~-\.;I 
~ '~Unforeseen charges 10% 
tLIr.'··~i~l'H f 
. ~.A,C\..~ \ ESTUL\'1'ED TOTAL FIRST COS'!' 

. ) ,'S'"-V, ' ' 
Cr~-U.M..,· ','/~,'f , f.:. ~f" ' Lw~~ ~r'~~· 

ex ~ "~, '~~r ,I-- ~L..... 6P7l"IJ .. 
I 'J' n. 

(l.) Freight rate for cement := .0975 TeL./T/lim 

Distance from Sivas'to Artova = 126 limB 

I26x.097 5xI09,200 = 1,31:3,000 T .L. 

(2) Assumed to be IOj~ oi'tIle cost. of cement 

(3) No basis for estimation 

L (4) Correlated fromSar1yar dum 

T.L. 

15,250,000 
J G ~'-Ot) o-tr-6 
I~343;OOO (l.) 

I,52(),OOO 

2,4·70,000 

740,000 

(2) 

800,000,~ 1 ' 
600,000 (3V LM, 

4,100,000 

3,957,800 

T.L. 

" (5) A distance of 1,585,000 kL~ must be covered by trucll:s 

to carry cemcnt from Artova to the dam site. 77 ltm. 

Appr. 635,000 T.L. of fuel is useu for this purpose. 

The rest is used for hauling materials ,and all other 

sorts of transportation. 

I 
\ 

\ 

\ 

I 
I 
, 

, : 



Purpose: ~;torage for irrigation, pOi"lCr genera.tion and partial 

flood control 
2 

Drainage area; 2337 1:m 

Earth and rock-f'ill valUInG 2,670,000 

Reservoircap~city: 

irrigation and pOller 
Plood control 
Dead storage 

9;:-:0 ,000,000 

700~ooo,OQO 
~'I~ 
1-~',OOO ,000 

:£35,000,000 

Foundation: River sand and gravel 

1iitl~nsions: Structural hcieht 
Iiydruulic height 

Type 

. • • • ... 1 i,lOx,; Daso l-Tlo.v1 

Top iiidth 
Creat len"vh 
fre:el::)ard 

earth and rock-fill 

;;83. 111 

10 TIl 

31~2 m 
c;:; ;;1 r 

face slopes : Upstrerun 2.75: I coffcrdt'.:::l' 3: 1 
l;ot'mstrearn 1 .. 3= I 

;::epth below 
Side slopes 
rJottO:!l uidth 

Location: r,·ei't bank of' 1'i yel.' 

Capacity; ~7 ,000 

streambed 
I:.! 

6m 
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CRITIC.l\L DISCUSSION OF TIIl~ DAll DESIGN Sb"LECTED BY D~s.i. 

The suggested D.~·S.I. desl.gIl is an ea.rth and rocltfil1 . 
embankment. 

.r.;;t· ..... ·:t\ .... "i"'-:.-·., 
(Ma.~iml.1m cross section submi4;:t,.ed- in figure ?~~. 

The use of the 1'0ckfil1 ma1\:es it possible to steepen the slopes 
. C,,, A I /{"'t.-" C-v? ')/ ."".; - III r'·,o> -~ JI'f . 1/ i ;_'?-;-:"./:::: 
of the / ~d~;lyinga;JCxl:teabi~;eeiili~arid::~h~/ impermeable core; p~;d~~I"\ 

~~refure in added stability ond economy/since a plentiful and 

inexpensive supl,>ly of suitable rocl\: is available in the neighborhood, 
.i!;~}<J~·{f:_f.v:\..r, ,r~~ ( ~!l_,-._. 

while the impermeable core is to be hauled from a distance of 2 
---_. A ___ .. ,,_---... 
. --~------ . 

miles. The use of the rock-fill is governed by considerations of 

economy and stability besides slope protection. 

The designer of an earthdam can not~ to the same degree 

as for a concrete structure, rely upon the application of 

mathematical anrilyses or formulae to dcternrlne the cross section. 

Soils and rock oc'cur in-nature with infinite cO;:lbinationsof size~ 

gradation and composition. Present pra.ctice ill determining the 

required cross section· of an earth dam consists lUl.·gely ill (lesigning 

to the slopes and characteristics of existing dams of similar 

foundation characteristics. 

Downstream Slope: 

The downstream slope!r~~,,~~~' suggested design is cllosen as I.8 
I--! :; ;0;;\'"; ,,~,j ! t~ .~".~"jr; 

llorizontal to Ivel~tical. J\In tnt! e:dsting dams.~_.where"~_ downstream' 

.. 

loose rocklfill is-used, the outer rock slope is generally established 

as 2!I or ~.u:I. in the table below I list some successful e~iating 

dWJS in U.S.A.' of various heights that have similar foundation 

characteristics. 

; 

! 
t 



,DAM 

Echo-Utah 
, 1030 

Deer Creek 
Utah 1941 

HEIGI!l' 

125' 

160' 

Green MoUntain 274' 
Colorado 19t'lI 

Anderson' Ranch,' 344' 
Idaho, 1941 

Granby 232' 
, Colorado 'XSJO 

SLOPES 

DOlVNSTREA1{ 
rock-fill 

2:1 

UPSTREAU FOUNDATION 
cohcsionless 

3:A River sand, gravel 

-lrtf;;Q CJ,........,;[ ~;L~t~ 

3:1 

3:1 
3.ti:I 

.3,: I 
5:1 

Sand and gravel 

Sand and gravel 

Sand and gravel 

Sand ancl gravel 

Tabulated results of the Glover-Cornw:ell(1) method of stability 

analysis show that the steepest slopes 'for the stability of dry 

cohesionlessfill with a.'coefficient of 'friction of .75 and with 

anearthqualte consideration of .lug is 1.85 horizontal to I vertical. 

'as.ll..~e, existing d~!~'f~ghthey are 'not located' ~~'f such ';/; 

seismically active zone~~deSigned to have fl~-~es~~~'~~-.=-.;' 
. ~:lJ:-,J 1( 

Dearing all these in mind', I do-noir-think that thc choice 
.x' '. ~ ~ 2, ... \" (l·'\r- ry-.{\.,;..-

of tIlc downstream slope isconeervati've.' I would think that the 
t! ,J I, /i-: '., " ' 
·{./.~·y·~.t r·~.· ~JC(J~ (;<.1 ~. ,', 'l.,1 

maximum slope of the downstrea .. "u face should not,· exceed 2:1 • 

(1) Treatis,eon danls 

United States Dept. of' the interior Eureau of Heclamation 

Chapter 8, Earth dams app.I70-205) 



The earth slope underlying the rock downstream fnce is designed 

as 1.1 horizontal to I vertical, but the maximum slope of the 

repose for loose and dry material is about I~6 and it is not 

good practice, even though the oaterial is under a heavy stabil~zing 

rOClk-fill, to' surpass the slope of repose = therefore I believe 

that it would be advisable not to exceed this limit. 
C~'}·"'\t-\.'_·) f\··~:t~~·",I .. _ ...... / .(~~". > • i.... "/' , 

The upper· part of the "perneable earth underlying--the-roc~ 
,,";t/.;!'_V,)!~t.t~{;:.~, f\. . i(~I'/'~: .~., .. ~~··'-:··{"'.I "'.';'-,,/ ';'< ,:.;/, 

,e.o..v:er lis (not rJrovidedwi th a fi~ tc:~ .This.. must p-ot-·-bc··nllowed 
.' !~.Cj'{'<,(.tJt..,,~>,' ,,,p)".I, .. 'r 

because the rainwater that:~percoI'at~s through the rock sur..face--

can easily wash ~ the sand tba:t--iB-Oll.....fL1L"le..clLslope into the 
I. 

rocli: and cause internal instability} A.I,: .",' . 
". 

Upstream Slope 

The upstream face ,of the dam is designed to have a slope of 

2~ 75 horizontal to I vertical. -However,-the-same-.r.cas.oning-for·· 

r_th~dol'J1ls-t:ream-sl&pe-hul-drrtru·e-for-th·e-upstream-slo1?e. This 
.. -- OeC., 

slope; is steeper than gene1~a!!y practised. 
Fe 

neferring again to the Glower-~orm'fell method, we see that 

for rcohc;:sionl!3ss m~teria~ls on thc upstrcatl face. for stabi!i ty of 

(·i\·~~'lf~/~·~;tu~;:.iC~;~~ ·tai:~ingJthe steepest slope must be not 'less 

than 2..8a . horizontal to I vertical. fOT-the-:f-f-ll110EtSessing-a-' 
~-,-,,",P""'~"" 

~frictioncoefficient of .• 7-~ . (Tlris--is the accepted assumption for 
, /} --, , 

v"t,) V. I! . 

the coefficient of friction of cohesionless naterials). 

, ' 

.' . -. };) 
'j l 

t ~ " t 'J" f" I' /,~' ---r '!' • J J ",'! {: -'4' )f.l, •. ,;.' "L .. j 'i~~<~---," .(>~. ~.::;~:..:-:;.,"1.":":{-" ~~:,'\~.\"\":~.:'~ \ .... \.~ :'::'}j"":.' .r ,;~,.',~) .i" 'j .~, , 

'}I' : ; -'; , :: If an earthquake of .• I5g intonsi ty is assumed to occur 
1\ 

at the' sa:rae time with the drawdown~ the. tabulated result.s 'show 

that the .. steepest--slol'e·-fO'l'tlre-u:pstr·eaIl1-race--for-s.tq~J.J.i~ty-__ is. . 

.3..29.:.1 (1) and for an earthquake 0.(1 
.L .!g intensity the steepest 

(1) Treatise on Dams, U.S.D.I.U.R. Chap.S p. ISO Appendix C 



s1011e to be allowed is ~~.tlI: L. 

"11Y opinion, after studying these l'igurc8, is that the slope 

of the upstrcarn fnce-' must not he, steeper than a.3:I, UhCl'Ca3 
,',I,,· '. 

ill th.e fl.S.:t. design this slope is accclltcd as ,2.7[;:1 • 

The coffertlaru is later made 1I.se of as an illtel.;rnl part of 

the main structure aud this has tladc ,possible an econo;':1y of 

:,ilutcrinls 1 but ha~~ t:1C cross -section of i:iC cofferdar'} been 
\ 

dcsl;.;ned <liii'.erently, it could have illcl'easr:d tIle path of percolation 

or creep distance in the fCHmd.ntion. 

Water can fre~ ti:wou .. ~h tile pel'l;H.:ablc fill and. 

'tile rocl:;; to the foundation even at a distance of ;:'13 r.:etcrs uwny 

1'1'00 thc heel. This cOlLld he very !:luch il:lpl'Oved by the use of 

SCiili.pCl'tleable l:laterinl fOl' '/.he domwtrcalu part of t~,e cofferdwll 

and the continuation of the iml)()rvioUH section beloW' the ~t(lstremn 

ZOlle, as ShOW11 in the iuproved croarl section. 
! 

1 find it much more usci'tilJ' to dist.ri imte tile scr~ip(>rr:leahle 
" 

L1ntc1'ial as shown ontilc figlll'C. 'ibis ch~ugc will reRul t in 

lengt;um,ing of the path of i1crcolation wi t:lOUt a sigHifi(~nnt. 

~ .-, b~·~·-.· ... , ..... 
addi tional UOOll.,ilt ,seri!i;Jerl1ca1>lc ua-teriul l·'H:uirc{t • . " ... . ~ 

/ 

However ,tile impervious hlanket helo .. , thq ullst.rcwll face 
! 

I 

'will require nn ar.ldi tio.ilul ru;:tOtlut of imp~rvious moterii.11, ;mt 

~nc path of peroolation will be doubled re~ulting in c 
I 

con.ni.lcrnhle 

.. " .:/ 

ltf.:cre .. u<e in neepuge -Li,l'OUgl.: tL1C f ount!.a ti f) n. 

believe'that ti.i;!. change is we U jU8tiiiod. 

'1'1101'ofo1'o 1 



---In. the ,?~iginal construction of the cofferdam, a rock toe 

drain wust be provided in 
.(~ 

wate~~and thereby prevent 

order to allow an easy esca.pe of seepage; ( 'ii,"'" 
I I ' j' J • 'i 

saturation ~~n~' conseCluent reduct,ion i~~" ;', J ! 
" , : I 

I 

stability of the material in the dO?IDstream toe of the cofferdrun 
( 

.~~ fos the construction of tile main dam proceeds, this rock 

drain will be replaced b.Y impermeable and semipermeable materia.l 

as shown in the ii~~re. 

Cut-off trench: 
S"! ~-P-'l (:, ~ " 

The siues of the cut-off trench is chosen as I:1. 

Since the foundation material is a mixture of sand and gravel , 

-in-Order-~&C~Ii tate~pl'oper compaction of the IJack-fill in 
I ,~.!" f f'; r I ,," 
fArr7'f',.,)' ',"- r,t"C" !" j";o,,{"_i', .,"~ 1"V1.'.A,,' 

contact wi tll . the slopes.~_Lbeli.e:~;.e-tlill:Li't-w0utd.....be_..,.us.eful,!. 

_t~aLlQw_flattcr slopes. This would also increase 'the width of 
~~""'t.- -l 

the impermeable layer and result in a reduction of seepage with 

;' J ~ _" 

I i I ! / 
,;LLu'j'" !:' 

.. : ~ 

"':' .. !.'!) ; .. , A , 
a minor increase in"the~cconsumption of impermeable material .. ; 

II, 

It is also advisable to provide a second 8lnnller cut-off 

trench under the cofferdam thnt will reduce the seepage while 

the main dam is under construction and '\iill be of grent help 

in reducing the seepage later on when the structure is coml>leterl. 

Grout curtain : 

A grout curtain varying from 20 mete~s to 40 meters in 

depth is given place in the design of D.S.l:. it , I 
. - . ".' 1; ( .. 

,{i~ . t-_ 

{ <~; ',:,~ . "I ~. : ~ i. 

i Thi-s is an extremely expensive and time consuming-process, sine-e-.·· 
I 

the water table 

problem to pump 

'\ 

) 

J Ii 
!~. ~"~,;~~::.. t 
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C['rv'uL /--:1 tc-c.-Lc,J , 
the water sothat~&ncrtfte can be potti'Cu.-

The heavy reinforcement necessary for the grout curtain I I"':; 
i (.,.-., 

will be another source· of expenee that must be conside1~ed. I" 
( I / , ,!r./ ~J.~ .-. !. l\ 

_. I;. v"l-'j-'''' '~/:VI \, ,/). '.t:Vi-' I'~ 
I :fiIld='i.£::que:ati:onahle-·to'spend""such a great deal of '\ 

~ ~ I t /) I I 

,It) ',.r'IC!I·/r"~.Jlwt'i.J·-,,;\. /.) .. \ ~'l ·1~.-,,;~ r·.L,\·'~.·:;·:) 

money and time for a deep grout curtain 'in·-a-spot where earth-
'\ : 

quakes are very probable, because the rigid body of the high 

grout curtain, thougll buried in rocl;:, will be ";[i!ry.sensitive 

to even the slightest earth movements. 

MuchtiLleand money can be saved by the ,use of a caref:r:.1 

grouting system in two different'places, under the cofferdam 

cut-off trench and the main cut-off trench, instead of'the 

deep grout curtain. ~W1. !vo, ;,' . " H,;1..-l .... tu., ,t~e,(t.~e.. ~$I ) 
tj l Il I '/ t Dead storage: . 1}-CC:(l'\A.~ O~ 'rC<\X. I c.U'..t "hvwC'V) Ctr"'h-Q.\..\.-) 

In the D.s.i. design a dead storage of 135xI06 
in Sis 

allowed. Annual Inflow to the reservoir is 75€L.8xI06 . rE3. 

Since the useful life of the dam is estimated to be 50yenrs, 

the assumed inflow rate of silt is 

135xIOG . 
G 50x758.8xl0 

1% by weight of the total 

/~ ,JVVIAI~tl"-r'CI /L-IJ-C,ttc( 

= .omma or .356% 



In the design of the Sar1yar dam .3% by volume of the total 

inflow was assumed to be ~ilt, but this assumption is found 
. C~.i·LCL~.~,..l .... 

I1ighly unsatisfactory. lExperts have reported'that·the useful 
. . I' f /1 

~ ~'.'. ~ .. / • iJ l . .. t~;;...y) 

life of the Sar1yar clam wilf' be only 20~P~ years ,\.due to sedimentation 

as against to an estimated life of 50 yenrs. 

Parapet wall: 

It will be uore economical to secure one meter of freeboard 

by tIle use of a parapet wall of masonry, since suitable rock is 

available. 

The additional placement of embankment materials and slope 

protection for a crest on~ meter higher will ue more expensive 

than a parapet wall one rneter high. 

The volume of earth saved: 330xIOxI = 3300m3 

<} 

wall sholm below is used = 3]>0 ( .5+.a .... Iu+.2) = 380 ro''' .. 

finished treatment for the crest • 

• Sm, 

t 

. ~"" 

~ 
.. _.5,:. 

·5 '" 

.Srn .. 

I 

I rn. 
I 

1 m. 

r __ " 



Capacity of tue reservoir; 

In detcrmining the capacity of the reservoir I 

have based my calculations on the possibility that the inlllloW' 

at the dam site during the three driest years of the past :10 ,(1) 
'rCC''J''-~ 

years of record will reoccur. in the following 50 years. 

G 3 However I have allowcd a margin of 68x10 In volumc of water 
-I~ 0(;./ tfvt-.( 

to cOflllHmsa:te a lwriod of slightly drier character. 

The u.s.i. design has assumed 5 consccutive dry 

years of the same intensity. This has almost doubled the 

requil'ed capacity of useful storage • . J 

C\..,. ';-;-0 - I~j'~~,: t.,. /" A·~\/ C 

!.f. 'I ,,) ..... 
I believe that this is all--o¥el. ....... ·safe assWllIltion I 

I . J-. 

J\nd·i t has considerably increased the cost of the s.t,r,ii:~t¥rJ. 

The choice of the lower capacity will also permit 
I • 

\#'Tr~r: .. ~r . .:" "..~.,.-f.·t~rr~ . . 
'the/nae'-'ot 600:- hectares of fertile land for agriculture, 

• -j 

/ 
( l'efcr to '1ihe elevation vs area curve p .2.1:)--jwhic~ will increasc 

. . 
.. ~ Ii ,~:"" '.' .. j" 

tllc gross national income appro by l ,600,000 T.L.(~uid\reduce the 
II 

a.mount paid for expropriation which is estimated to be 14,000,000 T.L. 

The constructio~ ~f the ilirfa.nI1 ~am is very strongly. 
• • :, • j ... ...... • - • ~ ., ~.' - I 

cr! tieRed beca~se th(l.ushartds ·.'of fertile land iis 'covered by water?( 

(1) Records of inflow nre given in th~ D.s.i. report for 
:[,., ... ' :'(" "7 \·1 

the years 1930-I954, and the Htst 6 years 110 consecutive 
1\ 

dry years are recorded any }vhcre in Turkey. 
'" 

\' 
(
/\ "(') , ,,,,\,1' I:;' 

(- if I, . , 
. r·, 

.! 
') ),-

r; 
!i . , 



COST FIGURES OF THE EARTH AND ROCK-FILL DAM /(r 'j 'i;(L-!,. \) "",',,\ '.'_ 
Cost calculations of en earth and rook-fill dam were redOne'" 

by D.S.I. in 19.58 ,after the devaluation of the Turkish Lira. '!'he 
r i '. 

figures that I give in the :following page are taken fram the D.S.I. 

report. 

!rhese figures. however, are for a dam of 79 meters height 

and a oa,paoi ty of 950 x 106m3, aJJd therefore need to be adjusted 

as follows: 

(1) , .An increase in cost due to the improvements suggested. 

(2) A reduction in cost due to the difference in volume 

between a dam of 79 mts height ~~~6~fts~ height. 

(3) . A change in cqs~ vaJ.ues due to the substantial. 
\.~ .1 ". I. r:1,..' .. ' J, 
,r,,-;..~,,( VI'l.],,, J- : y"-L 

difference'-~ the cost ~f cement ana· 'aft inoreaseJduEr 

, to-t1re~4 wage~,ft~ci958 to 1961 • 

.. 
* ~e hydraulic height of the earth dam is 55mts and at the maximum. 

cross-section an excavation of 6 mts is found to be necessary by 

D.S.I. Also the free~ard of the earth dam will be 5 mts so 

55 + 6 + 5 = 66 meters. 



co~' FIGURES OF·9 ~ EJlRTl! AND· ROOK-FILL DJ.l1 

OF 79 lmTERS BElGEr. .. -
J l-r/ I 

() r J , ~ \, .... ,. ~ ;-') ~-~~- :;;- ~t .. ,~' '.I,I/~\""/ 
(/I-~t .. !,.~/" ~'l"'\-"'-~·' 

~ 
Excavation of: earth for the main dam •• •• •• !J!L 12,600,000 

Excavation of rock for the main dam •• •• •• 4,452,000 

Compaction. of soil. .... ... •• . .. •• •• • • 2,968,000 
'. . III 

Transportation •• •• •• •• •• •• • • 20,600,000 
~~.' , 

Water used ~,!oundation5 •• •• •• •• •• •• 1,000,000 
" 

Water for materiaJ.s •• •• •• •• • • •• . .. 2,520,000 

Spillway Excavation costs, •• •• •• •• • • 3,000,000 
-----.--;-----

Cement •• •• •• •• •• • • • • 3,234,000 

Reinforoement Steel ..• •• •• •• •• .. . 2,316.000 

Foundation Treatment •• •• • • •• •• • • 875,000 
• 

1'L 53,565,000 
=-= 

:i) ~s figure incJ.udes depreciation ot machinery, fuel, and ,labor 

involved in' transportation ot materials. 

(BS) 



. The volume of the Earth end Rock-£jll dan is 2,670.W. 
- ."." .. ' - .. 

. , 
With the, suggested impro'VEIllents' the . cross-section ,.of the 

damW111ber /,~,r"'h/' ;. 
. (-.-, .. ,.~-. ~.- - -.~ \ ... ~ " 

~" ~P;'+ (10+ 2 x 79 + '.3 x 79):; 
• 

or 1.121 times as great. 

, A:ssuming. roughly. that the volume of. the dam. will , .increase in 

, 'proportion with the maximum cross~s~tion, and that the total 
. - ~ ..." 

cosii will be. proportionate to the volup1e" ,the total first 

" cost ot'the improved D.S.I. dam of 79 meters height .is: 
~ " '... . 

1.121 X 53,565,000 = 60,046,365 T.L. 
===--== 

: ": (2) ... If the dam is to be only 66 meters hl;gh,. ~er the same ' 

assuniptlons the, cost of 'the damVf.i,ll: be: 

~ '10+ (10 + 2 x 66 + ;5.3 x 66) 

= 24406.8 
1f 10 + (10 + ~:2:;:¥ 79 + 3.3 x 79) 34657.:5 

or .704 times the cost of the higher dam. 

or .704: 60,046,365 = 42,272,641 T.L. 
-===-~= 

, (3), Statistics show that in Turkey in the lnst three years the 

wages ~ salaries have gone up about 14-~' but the price of . 

oement has, very much decreased (from TL 231/ton in 1958 to 

TL l4O/ton1n 1960)~, !fhe price of fuel has not altered since 



19.58 ana. the value offoreigncurrenoy in relation to !rurldsh 

liras remained unchanged. 

Due to the reauCtionm the cost of cement the total cost 
, , 

will reduce to an amoUnt of: 

a decrease of 

000 11.0 
3,234. , x 230 , = 1,970,000 

3,234,000 - 1,970,000 =. 1,264.,000 

I assume that an ,increase of 1?J' in the wages will result in 

an inc~ase of ~ in the total first cost of the dam: so the 
. ~ ~-

total first cost of the dam w.Ul' be:' ' 

---==== 



COMPARISON OJ? THE TWO ALTEPJ.IA'l'IV£8 : 

The results of the cost calculations for the concrete 

gravi ty dam a.."ld the earth and 'rock-fill dam shoW" that the 
I 

first cost of the concrete gravity dam is about 1.707.000 T .L. :fr 1 >, 

1,,[ c..~( ,Z:, "lI )·l.-vv~' 
higher than that of the earth and roc1;:-fi11 Uam." .c_ I " 

I..'.J J i \"'.-1.., t /i-"~vt-I -; rt f' c-.." .... \''''!.f CU ... _ 
~ -- ,I ., - .. d • 

ilowever the difference in the first costs is so sillull com.pared 

~t to ,the total first costs that when tile high maintanance cost 

of the earth and rock~fi11 dam irr-collipa:rison-l'1.ith--thc--conc~te 
, -~ 

-grnv:tty-tlam- al.'e taken into consideration f-m:·-trre-uO-year--'ltfe-' 
'" , } ( , 

(liT'I v :},,';/ 
-4}:£--tire--dams, the concrete igravi ty dam will de£ini-taly be found 

more economical. 

In I IJ58,when the final cost calculations of the 

A1llluS dam were made, the price of cement was 231 T.L./ T* 
(1) 

I 

This price decreased to 140 T.L. in IflGO. The drop in the 

p11ice of cement reduced the cost of the concrete gravity dum 

by 10,000,000 T.L. Probably the most important factor in the /\;0 .--.. 

;, "M! I Ii ·f) ';. 
ii/~/~ V-.~-" '.Jt~L-, .' ',C 
I . /, ,', choice of an earth and 1"ocI;:-fill dam instead of a concrete 

gravity drum by D.S.i.was due to this extru 1u;OOO;OOO T.L. 

There are also some other important factors that 

favor tUe choice of a concrete gravity dam rather than an 
,J ~': ) 1 

(i J .. Lt. .r·{,.I"'J iF "!;. t rr. 
, 

I '; ~ I.,\! , 

Flease refer to the cost figures of the D.s.i. design 

.Lr .,/1...,/,\ " . .... ~,/~ .. \~. ,~. 

,L' I ' 
, J '~I "LeV C-' 

/ 



· . 

A.) There is practically no seepage loss through the concrete 

body/whereas even the most carefully constructed earth dam will 

suffer some seepage loss. The earth and rock-fill dam. will rest 

on a foundation of sand and gravel and even though cut-off 

tl'enchas are.provtdedthe seepage loss will be greater than.that 

of the seepage loss through the rock foundatiern underlying the 

concrete gravity dam. 

B.) Flood control capacity of the concrete gravity dam can be' 

increased b,y allowing discharge through sluices in advance, as 
b\!.,.et' c-.; . / !.. JI , /I/! 

1\ ij .:."tt.'_J_1 ft··/·~, (.:OJ (/""Y'j'\j·-/A....- d ( ... :.;.()~.)\ 'I .. ' ..... t. 

has already discussed on page 23. T() rrcvidc a-'means-£i)1~ihis0-' J ". 
trwq . f.?c {~I O)).J1)"",{J-L­
·rll:r·be-very-costly-in-ease-of-th6-eaJ!.tb-and-roclt~fiiJ:-dal!r; 

c.) Total first cost of the earth And rock-fill dOom incllule:s 

an item of I.880,OOO (1) do~lars for equipment ta be used in 

the construction which wi~l be imported. For the concrete 

gravity dam this item is found to be 96I,000 dollars. 

More fuel will be' consumed in the construction of the earth and . 
j i ' . I ft 

~ock-fill dam/~~'~:'~",~~b.imported. 
Therefore with the choice of the concrete gravity dam a 

considerable amount of foreign currency will be ecoDomised. 

(1) Figur~ taken from the D.s.i. report. Only the maChinery 

that will be used in the construction of the main dam is 

considered. 



~j) . ,f I 
\r}\J..... . !,Y;/"i"v" ,'J.:/\ 

D.) ~d 61uice.r~in the concrete dam~ will be USOfiiJ ill (" 
washing away some silt and~reduce sedimentation of the reservoir; 

but since it is not'good practise to allow pipes running througll 

the earth body llo'sluicescan be provided in the earth dam and 

sedimentation trl.llrepresent a :more serious problem. 

The estimated timefPo- constructl~th:fg~aVi ty dam is about. one "\ 
j 
! 

year less than the required time for the construction of the i 

earth and rock-fill dam, however I am not justified to make ,) 

a benefit analysis, for; the construction of the transmission 
assumed to be 

lines, power house and irrigation channels must 'l;e "completed 

before the benefit items can be considered. 

'" The possibility of constructing the power house as 

an integral part of the concrete gravity dam must ,be studied, 
C,>'t. ... '--/ ~~\ .. ,~ .. f; .. ~J j'~J~y' . I 

because tl.mn.., tunnel and 11ro bab; surge tank eJfP(m9-~i-ll be 

eliminated.~~\. .JCv\- ~Vl~ I . 

I'-::--~" As a conclusion I may say;that,at the chosen ca?acity 
I' ~\' . , , . 

the concrete gravity dam is more ,economical and advalltageous~ 
, l~t/U-- . U' " . 

ft\'owever, if i t
f 

is insisted 
I II .,-, 

built,thim t-na earth and 

thri.t a dam of greater cnpv:ci-ty l)e 

rock-fill dam maybe found more economical
j 

.' 
since there will not be a great difference in ~ the costs of the, 

spillway construction and foundation treatment which are the 

most costly items of the total cost of the structure. 

. '. ~.- ~,. -. -.- I 
,,/l,J\,_ < f' (' (., 

, 
\F\-\-:/ .. ,·~ \" 

.'" [:'! ,ie .. \1'/)' 
\ ,,\!_t_. "".v / ' " I'r ./

,., . /--
, ~~ , 

'j' , .. " .;' " 
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