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November 21, 1970

Mr. Hazim Tutuncuoglu

Director General’ ‘

General Directorate of State

Hydrauhc Works

Ministry of Energy and Natural Resources
Yucetepe,. Mahallesi T

Ankara, Turkey

Dear Sit:

" In'response to'the request made by Mr. S. Maruyama,
engineer, assigned to the Statg:Hydraulic Works (DSI), by
the Overseas Technical Cooperation Agency, I take pleasure
to submit herewith the report on the heightening of the cxist-
ing Cubuk I Dam. The engineering studies and analysis of
the dam were carried out by the Electric Power Development
Company, Ltd,

In submitting this report, I sincerely wish that the
recommendations and conclusipons-contained will serve to
be useful and valuable in* the p;-oposed heightening of the
dam,

I take this opportunity to.express my deepest appreci-
ation to the officials and engineers of DSI for their kindness

extended {o our engineer. -

Respectfully yours,

%/c»%%

Keiichi Tatsuke
Director General

" Overseas Technical
Cooperation Agency
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|
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1. SCOPE OF REPORT

_ This Hepért summarizes the results of a serles of stress analyses
ma&e‘to obtain thekinformation’necessary for Jjudging the feaslbility
of ﬁ;ightening of Cubuk eram in the form of an arch-gravity dam.
ﬁxaminations were made for botﬁ a 3-m and 5-m heightening with joint
grouting at 84 m (iow water lev;l) and 103 m {present high water level)

and cover the followlng: -

(1) Stress analysis of heightened arch-gravity dam, and

(2) Examination of sound rock line of downstream shoulder
as the major'items with in addition

(3) Study of the case of omission of joint grouting,
(4) Caleculation of #hermal stresses of arch-gravity dam, and
" (5) Brief consideration of feasibility and method of heightening.
It is herein noted that the baslc items related to this study were
decided from the reports of the engineer dispatched to the site and upon
consultations with the staff concermed at Electric Power Development Co.,

Ltd.

(1)



2. SUMMARY OF RESULTS AND RECOMMENDATIONS

The summary of the results of stress analysis is indicated as given

-

below.

in the case the helghtening 1s to be provided in the form of
an arch-gravity dam, the height of the water level at joint grouting
will have a greét effect on stress distribution in the dam. At a
high water level of Joint grouting the load carried by the arch is
reduced and in fact approéches the stress conditions when the heighten-
ing i5 made as a éravity dam. In the case of this dam, if the water
level ;t Joiﬁt grouting'is taken at 84.0 m, within a renge of 3.0 m
.to 5.0 m of heightening height “H), = meximum compressive stress
of the degree of 12 to 14 kg/cm® occurs at the upstream face of the
arch crest. The meximum tensile stress occurs in a diagonal direc-
tion near the lower abutment at the downstream face and its magnitude

1s -5 to -6 kg/em~

In the case aH = 3.0 m, even if joint grouting is not performed
and the work is carried out with the dam remaining a gravity type,
there will be hardly any tensile stress occurring at the upstream

;oe of the dam /not considering seismic forces).

When aH = 5.0'm, if the Joint grouting is carried out at a
water level of about 90 m, no tensile stress occurs at the upstream

toe similar to the above-mentioned.

The horizontal thrust produced by arching action is relatively

Pittle in any of the cases. Regarding the stability of the dowmetreanm

(2)
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shoulder, even by a simple examination, it is said to be adeguate

safety.

There 1s a possibility of rib shortening occurring to the extent
arching action cannot be anticipated when the temperature of the dam
body drops after heightening in the form of an arch-gravity dam.
Therefore, it is desirable for thorough consideration to be given

in selection of the timing of Joint grouting.

As a result of the examination, a brief consideration of the helght-

ening construction method of this dam suggests the following:

When the heightening height i1s 3.0 m, it is thought 1t will
not be necessary to perform Joint grouting, under the condition
that the Turkish regulation permitts a little tensile stress of

upstream toe.

In the case the heightening height is 5.0 m, it is thought
desirable to lower the water level to about 90 m for Joint grouting
selecting the dam type to be arch-gravity. It is thought that
further conslideration should be given the timing of the grout

operation.

Regarding the idea of prestressing the dam using steel, it may
be considered that hardly any knowledge of the feasibility would be
obtained while studying the matter without a clear picture of the

foundation conditions.

(3)



Joint grouting not previously provided with grouting facilities
is not thought to be of such difficulty considering the level of
recent development of new materials and utilization of boring

machines.

(")



5. CONDITIONS GIVEN FOR STUDY

The sghape and dimensions of the present dam are as shown in the

drawing received with the outline as indicateéd below (See CUB-O1).

Regervolr
High water 1evel .e...svesueen.. 103,0 (EL. 907.61)
Low water level ,......0sv0e.... BH.O

Estimated silt level ........... T9.0

Dam
TYDE suiveicancarerssasecanaeress CUrved gravity concrete dam
Hedght ..oveveeveranrennninncens 58,0 m
Crest elevation .......oevvveee. 104,0 m
Crest width .......i.00uivenene.s 4.0 m
Upstream face slope .......00e.. vertical
Downstream face slope .......... 1:0.72, 1:0.82%, 1:0.828
Upsiream face radius ........... 222.0m
Crest center angle ............. approx. 65°
Crest length .......... sesssasss Bpprox. 250 m
Overflow crest elevation ....,.. 101.0m

Overflow width ......c0i00vvvve. 6,5mx 3, 8.0mx?2

Taking advantage of the fact that the present dam 1s a curved
gravity dam, the helghtening 1s considered to be provided carrying out
Joint grouting at a suitable water level to result in an arch-gravity
dam and stress éhalyses are to be performed according to the cases glven
in Table 1. The overflow section 1s to be left in its present form to

maintain its service function even during heightening work. Therefore,

(5)



the erest elevation of the strueture having arching action is to he

101.0 m,
Table-1 Conditions Studied for Heightening
Case A B c D
High water level ) 105.0 105.0 107.0 107.0
Dam crest elevation 107.0 107.0 1090.0 1090.0
Joint grouting water 84.0 103.0 B4%,0 103.0
level

(6)



L, METHODS AND ASSUMPTIONS OF STRESS ANALYSIS
4.1 Loading Conditions of Structures Subject to Calculations

The stress dlstribution of an arch-gravity dam which is established

after completion of the helghtening is estimated by superposing, as
indlcated in Eq. 1, the stress sought under the conditions given below.

The horizontal thrust acting on the abutment is estimated similarly by Eq. 2.

J.G.WL g .G WL

Gravity Dam Arch Dam Arch Dam

Stress of helghtened arch _
dam at high water level (:) * (:) - (:) pereneesenenn (1%

Horizontal thrust acting _
on abutment - @ -@00"ll-lo--¢-----¢-. (2)

The stress as an arch dam is calculated by electronie compubter using
a load division method adJusting the 3 components of displacements {radial,

tangential and twisting).

* As a compuier program to calculate stress of an arch dam for increased
hydraulic pressure as - is not developed, the stress due to
e loa%:gas obtained as the fference of the values for the loads of
ang .

(1)



Tﬁe uplift pressure'acting on the gravity dam is accounted for

as Indicated below.

J3d]]
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The quanfity of temperature variation to be considered in calculate
ing thermal stresses of the three-dimensional structure is sought by the

followlng equation:
T = e L iiiisetcieticesasattrcatcansanseranans (3)

where

t:  quentity of temperature variation of elevation
considered (°C)

T: thickness of elevation considered (m)

Selsmic forces are not considered.

(8)



4,2 Shape of Dam and Grid Element

The shape of the dam 1s ideallized as shown in CUB-OL and the numbers
of arch and cantilever elements for stress calculations by the ivad
div%sion méthod are taken to be 5 and 1l respectively, as Indlcated 1n
the drawing. Therefore, considering the displacements in 3 directions
for each of the 43 intersecting points a linear simultansous equaticn

having 129 unknowns is obtained.

4.3 Physical Constants and Other Values

The various wvalues such as physical constants used for calculations

are as follows: -

Dam Concrete

Unit WElght «ceevvcensrennennennns . 2,35  t/md
Modulus of elasticity «ceevevvennva. 2 x 10° t/me
Polsson's ratlo seeecsvenvenncnanen. 0.2

Coefficient of thermal £
expansion ....... seeaes 10 x 10 /°C

Foundation Rock

Modulus of elasticlty +eeeevvvesen. 4 x 10° t/m2

Polsson’s ratlo cecersecariesiennn. 0.2

Coefficient of friction ..... eersens 1.0

Shearing strength ....ovvevnvnne... 100 t/ma
Bilt

Unit weight (submerged) «..-.... el 10 t/m>

Coefficient of silt pressure ....... 0.4

(9)



5. RESULTS OF STRESS ANALYSIS
5.1 Distributions of Horizontal and Vertical Stresses

The distributions of horizontal, vertical and shearing stresses
af'ter helghtening for each case are as Indicated in the upper halves
of CUB-02 - CUB-05. The horizontal and vertical stresses occurring
at the crown and both abutments, for study of the influence of helght
- of joint grouting water level on the stress conditions of dam, are
plotted as the graphs on the left side of CUB-06. From these graphs,
it 1s seen that stress di§tribution differs considerably depending on
the Joint grouting water level, the vertical siress being simall and
horizental stress being large when the water level i1s low. This 1s due
to the difference of load carried by the arch according to the increased
load acting after becoming an arch dam. This difference is shown well
in the figure at the upper half of CUB-07 indicating the distribution
of load division by height of joint grouting water level in the case

of a 5-m heightening.
5.2 Magnitude of Principal Stress

The maximum compressive and tenslle stresses for the upstream and
downstream faces in each case are indlcated in Table-2,

5.3 Distribution of Horizontal Thrust Acting on Dam Abutment

In the upper right part of CUB-06, the distribution of horizontal
thrust acting on unit height of abutment and total thrust acting above

a certain elevation are indicated, From this graph, it 1s seen that the

(10)



horizontal thrust per unit height is generally below 300 t/m while total

thrust, even in Case C with the severest conditions, is about 5,000 t.

Table-2 Maxinum Compressive and Tensile Stresses

- Unit: kg/cm2
A B c D
Upstream Face
Mex. comp. stress 12.0 2.1 13.9 4.0

(C.100.H)* | (C.100.H) | (C.100.H) | {C.100.H)

Max, tens. stress 3.3 -2.0 4.5 3.3
(R.10.V) {(LA.100.H) {R.90.V) (LA.lOO.H)

Downstream Face

8.6 13.4

Max. comp. siress 11.5 . 9.5
(RA.90.H) (C.60.V) | (RA.100.H) | (C.60.V)
0

Max. tens. stress 5.4 0.5 6.1 -1.}
(R.QO.D) (R.70.H) {R.00.D) {R.90.H)
(R.90.H)

* Notatlons in parentheses Indicate location of stress occur-
rence as follows:
First roW ...... seasas Cr crown; L,R: left, right;
A: abutment
Second row ........... 8levation

Third roW ceesseeesess direction of stress

(11)



6. EXAMINATION OF ANALYSIS RESULTS
6.1 Influence of Joint Grouting Water Level on Stresses in Dam

The graph at the lower right part of CUB-06 indicates the results
of studies releted to the influences of jJjoint grouting water level on the
horizontal stresses of the crest arch crown and the vertical stresses at
the crown base. This graph also contains the results in the case joint
grouting is not performed., According to thls, when the heightening height
(aH) 1s 3 m, 1t is seen that hardly any tensile stresses are occurred at
the erown base even if Jjoints are not grouted; also in the case of oH =
5 m, if the water level 1z at about 90 m when grouting is performed,
similar results are obtalned. Also, the compressive strength at the
downstream aide of the crown base even with no joint grouting is of the
degree of slightly less then 8 kg/sq.cm for oH = 3 m and around 10 kg/cm®
for ¢4 = 5 m. As for horlizontal stress of the crest arch, it is seen
that 1f the joints are grouted at a water level of 84 m, stresses of

about 11 to 14 kg/cme are occurred.

6.2 Study of the Required Sound Rock Lines of Downstream Shoulders

of Abutments

CUB-08B glves the results of a very brief study made to estimate the
depths of the sound rock lines required to suppert the horlzontal thrust
forces acting on the abutments at both banks when helghtening is carried

out in the form of an arch-gravity dam.

The study was made on a horizontal section with the sliding plane

assumed to be linear starting from the upstream end of the dam. If it is

(12)



assumed that a sliding plane is at an angle of © to the direction of
external force F, the verticel force V and the force along the plane H

acting on the sliding plane are glven as V = F+sin © and H = F-cos &.

Therefore, if the shearing
strength of foundation is T and the
internal coefficient of friction is
f, the length £ of the sliding plane
necessary to secure the required

safety factor is given by Eq. 4.

¢ L
l= nH - f-v -

T Assumed sliding line

£= = (n.cos © = £:51n 0) weuvuniiiiisininninnennnnd (B)

where

= QEJ&L%%EZE- (factor of safety for shearing friction)

The required sound rock line is indicated by the curve connecting
the ends of the lines seeking various values of £ by varylng the value

of @,

In GUB-OB8, the results of the required sound rock lines obtained
by £ = 1.0, T= 100 t/ma, n = 4 for representative elevatlons on both
pgnks are indicated. The safety of the shoulder to be adequately
secured, as the horizontal thrust is rather little and the required
sound rock lines fall well within the present ground surface contour

lines.

(13)



T. SUPPLEMENTAL STUDIES
7.1 Examination of Case of No Joint Grouting

The results of stress analysis of the case when heightenling is
provided with the dam in gravity-type without Joint grouting are indicated
in CUB-09. These results are contained in the graph at the lower right
of CUB-06 deseribed in 6.1. From the figure at the right side of CUB-09,
in the oaée of H= 3m, it 1s seen that the acting point of the resultant

force is only very slightly off the middle third of the gravity dam.

7.2 Thermal Stresses

The results of caleulations of stresses occurring in an arch-gravity
dam (crest elevation of the structure having arching action = 101), when
there are temperature changes such as indicated in 4.1 are given at the
lower part of CUB-07. According to this, when thére is temperature drop
of this degree, a result that an absolute value of mean tensile stress
greater than that‘of the mean compressive stress occurred by the height-
ening 1s obtalned in the stress in the horizontal direction. Therefore,
vhen there is such a temperature drop, the effect of rib shortening is
magnified and the resisting action as an arch is lost as a matter of
practicality and 1t is thought the water pressure will be resisted only
as a gravity dam.* When helghtening of the dam is planned according to

this method, 1%t 1s consldered to give some thought to this problem.

* Jt is assumed the dispiacement as a gravity dam is not so large
that effect due to rib shortening is negated and the Jjoint is

closed.

(14)



7.3 Brlef Consideration Regarding Heightening Construction Methods

Based on the results of stress analysis described in the above,
a brief considerstion of the helghtening construction method of this

dam would be as follows.

Case of aH = 3.0 m
According to the analysis results, even 1f joint grouting is not
carried out and the dam is heightened as a gravity-type, a result
that there are hardly any tensile stress occurred at the upstream
toe is obtalned. Therefore, it would be thought there is no
necessity to carry out Joint grouting lowering the water level,
if Turkish design regulation of dam allows a slight tensile stress

occures at upstream toe of dam.

Case of &H = 5.0 m
Since a tensile stress of 1.2 kg/cm2 is produced at the upstream
end when heightening is carried out as a gravity dam, 1t is thought
desirable %o provide some measures of relnforcement. If resistance
by arching actlon is looked for by carrying out Joint grouting, it

is thought desirable to lower the water level to around 90 m.

In the process of prestressing the dam using steel wires or rods,
the basic function depends on the reliasbillity of the anchors and the
safety is greatly influenced by the geological condltions of foundation.
As In the case of this slte, when the geological conditions are not clear
so0 that further surveys would be needed, it is thought for the moment

advisable to eliminate this as an objJect of study.

(15)



For heightening to be provided in the form of an arch-gravity
dam, a mandatory condition will be for rellable Jjoint grouting to be
carried out. Although it is certain that jJoint grouting is difficult
at Joints without grouting facllities, there have been cases of regrout-
ing having been carried cut at joints without regrouting fecilities, and
with the recent development and practlical applicaticn of new materials
for downsitream face sealing and drilling along Joints, the work should

not be of such difficulty.

(16)
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