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* Optimisation, Design and Construction of Intake -

_ABSTRACT

. Structure

Claudio R. Vissa . o

- '
.
. L

. This report out]ihes.the main‘activities‘]ead%ng to the éenstructioe
of the LG~4 intake structure. A quant1tat1ve analys1s is given Qh1chn1eads
to the choxceeof the 1ayout of the water 1ngake.-’The design, of the part1a11y
submerged re1nforced~concrete water 1ntake‘towers‘1s presented with particular
reference to the 1mpact forces. of Narge b]ocks of ice floating on the
reservoir. Reference “is- made to the hydraul1c model study which dictated the
per1metr1ca1 shape of the towers and walls. The cr1t1ca] construct1on°concepts
are out11ned from foundation treatment to concret1ng'of the intake towers.

. L]

Baswc plannlng and’ an- execut1on schedule are also presented
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RESUME /

Optimisation, Concéption et Gonstruction’ - L

d'une Prise d'Eau ’ /
: f
* X . *

»

Cette étude donne un apergu des points saillants

-necessaires a la réalisation de la construction de la

structure de la prise d'eau de LG-4. Une analyse qﬁantita~
tive est donnée, qui porte au choix de lfaménagement de 137
prise d'eau. Le calcul de la tour en béton armé, partielle—
ment summerge dans 1'eau, est presenté avec une réference
particuliere & 1'impact de force des blocs de gléce flottants

sur le réservoir5~ Un apergu de 1'étude sur le model qui a

dicté la forme des tours et des murs bajoyers est inclus.

Certains\concebts ae coﬁstructfon du t:aitement de la fon@a—
tion au bétonnage des tours de‘la‘prise d'eau sont notés.

Une planification:ei un échéanciér poﬁr la construction sont.
aussi préééntés.<\ | ‘
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LIST OF SYMBOLS
. N {
Symbols are defined in.-the text. Below is a resume of those:

symbols used in the text.

A = . surface area of foundation ]
b = pr&jecfed width of structure in the direction of ice
motion _ S ‘

c = 'unit'cohésion;J

E .= wéight of watef

E1 = hydfostatic pressure \

IS = compreésivelstrength of conc¢rete ;ﬁ 91 days

f, "= yield stress of steel |

F; = lice impacf force

¢ = ice forgeé in most unfavorable direction '
o= ‘gravitational acceleration v

=  height of backfill

g | S
h =  ice thickness . . gd“
i 4 ‘ . :

= summation of horizontal- forces
" . | .

i

Hy = ‘hydrostatic head |
K= ‘~contact coefficient_in perqentage.

M =. shape factor [ |

l_Mo = summatioh of overturning ﬁdmehts : ‘
My, = summation of resisting ﬁoménts\

P = weight of concrete mass .<}

Po = backfill pressure | ﬂ .

Q = shear friction safety factJr o

S = weight of bac:cfil; { L T

S
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safety factor co . ,
compressive étréngth of iee ’ ‘ :
s;mmafioﬁ of uplift.forcés o
summation of‘y?rtiéalhfdrceé | T
snow load on ground . & ‘ .
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]'first phase. S oL Y

o

1.0 “INTRODUCTION

N ’

LI eral - ) “ . °< ] o
; rSltX;ted in “thé James Bay reglon, the La Grande Com- .

plex, the biggest hydro electrlc progect in the world, is sche-
duled for a two—phase constructlon. LG 2, 1LG-3 and-LG- L (La

: Gramde Four) are ¢he thr%e maaor power plants constltutlﬁg the

e

3
%

With installed cabaeity‘of 2, 650 Mega—Waits'(9 gene-

-

ratlng units) LG-4 will produce 30% of the total energy out-

nut of the flrstophase- L, . ’ . \.
R . ’ \& )

: )
Flg 1 is a.maﬁoof the La Grande Comglexrln Northern

L4

Quebec whlch outllnes the relatlve p031tlon of each site.
*

Flg. 2 shows the 1nstallat10n of .the Le/y power-plant the

dsm, thé splllway. the dykes ythe temporary d1vers1on tunriel,

and- the intake - penstock - powerhouse system, 1nclud1ng the .

-ofebay and tallrace channels. ,A cross secblpn of the intake

4
“

1Y

and the powerhouse of LG~ b is shown on Fig. 3.

‘l.g Intake Structufe - ’ : f —

P
- .

The functlon of the intake structure is t&'lead the
-
water frgg the reservoxr 1nto ‘the penstock such that head

‘losses are minimized, and air entralnment due fo vortex action

,

) does not occur, Thé 1ntake 1s fltted with a trash'rack to pre-

Vent the passage of floatlng debrls. and™a gate to permit

1nterruptlon of flow rn emergenCJes,or when dewatérlng the
. T s

penstock for maintenance or inspection. - L - L -

K a
: v

For LG—ﬁ.fhere is one intake passaée and'penstoékaer °
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generating unit. The strugture thus consists of a group of nine

adjacent towers.with a Bommonfgyidge deck. ,

1.3 Scope of the Report

kJ
3\ The scope of this report is to outline the basic
engineering -design for the building of the water intake of

the LG-4 hydro-electric power plant..

The present report inéludes:

1. The eqonomical'analysis of the location of the
‘intéke tower in relation to the axis of the dam.

2. “The design considerations of thenintake tower.

3. Some practical aspects of its construction.

1.4 Site Geology

. Tie predomiﬁant undep;ying rocks in the LG-L4 area’
are granites, gneisses, and migmatites with the regional fo-
liation tending north-east. The south bank of the rive; of
the dam site ié'formeq Ey a large rounded hill covered by a
tﬁin layer of till and frequent outcrops of rock. The in—'

_take tower is situated on the upstream side of this hill and =

the underlying rock is mainly granite.

1

1.5 'Componen%siof the Water Intake Structure

’ The main“péfts of the water intake structure are

- . .

" ghown’ on Fig. 4. These are:

(1) . The water passage is a bell-mouth opening and

—

‘transition which directs ‘the water to the pen-

_stocké.

(ii) 'The trash rack is the steel'grillgge which

» v
' '
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prevents debris from eﬁtéring the water
passage. I+t consists of four super-imposed
sections housed in slots on the upséream
face ofieadh tower. The £rash rack sLifs

._,\) . .
are also used to accommpdate stoplogs. ™ The

~

latter are used for closing the structure
for inspection and maintenance of the intake -

. - tower and the embedded gafe guides.

(iii) Intake gate is-placed at approximately_tﬁe

centef of the tower and is designed to close
against maximum flow, ThL@éﬁheeLJéounted
gate has a seal arquéd therpstream‘per}méter )
and closes on a seal beam, located along the
ﬁill of the water passage. The gate is lifted
by a céﬁle héist. located at the uppef level

of the shaft.

(iv) Intake deck is designed to accommodate -a mo-

bile crane and a rail wagon for handling the

trash récks, stoplogs, the gates and hoists.

1.6 " Types of Ih?akes

' In the course of the cohceﬁtion of an Intake Stfuc—
ture, many arrénggments have been considered. Each arrange-
ment has its advantages and digadvantages{ depépding on the AN

b}

parameters involved.for-a pag?icular site. The parameters

mostly considered are topography, geologicallcénditioqs and

L R . r“l 4
technical and economic considerations. ' o

~ The magnitude of the works and the position of %
Yoo o : N




‘ ‘ / iﬁtqke, in relation to the other works, affect the choice.
// Some of the types of intakes [11#* used in hydro-electric
. // projects are: . ' . '
// 4 (1) Tower intake separated from the dém with é top
. péripheraI inlet and.cylinder gate; '
» ) (é’ Tower or shaft construcited within fhe embankment
. ‘or placed upstream from the dam; '
(3) Integral intake powerhoﬁse‘structure, usually
straddling the river bed;‘
(4) Intake built on the sloping facé of the dam;
(5) Intake excavategvgt the side pf a hill and
sepérated from.the dam .with. trashrack and stop-
‘logs at the inlet aﬁd with the gates housed in
the vertical shaftleravated in the rock, down-
stream from the inlet. ‘
The type of 1ntaﬁ; con81dered mo;t appropriate for

LG 4 ahd outlined in this report is of the second type des-

cribed above.

* Numbers in brackets refer -to the list of refereﬁces glven
‘ . at the end of the report
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1

HOICE OF PbSITION AND COST ANALYSIS

2-0
OF THE WATER INTAKE
2.1 Introduction

: Forjcosf analysis, a nuﬁber of alternatives were

co si@gred. The components of each’alternative were studiéd
d assessed for feasibility and technical aspects. Then, ’
the total costs of the alternatives were compafed Singling

out the optimum. ’

A water intake-structure and penstock may éeyﬁe to
erq one or more ﬁachines.. In theé caseé where one water in-
take structure serves mére than onewiurbine, a manifold is
used to distfibutefthe water‘flow_frém the penstock into the
turbines. This latter arrangement neges§ita£es a valve at

each turbine inlet to permit inspection and maintenance of

. each turbine,/without having to shut down the others. How-

[

ever an intake gate is required on each penstock in any case.
- 4

The choice between the two arrangements is a matter of cost.

-

K

2.2 //’ Position of the Intake

N

/ In the cdse of LG-4 [2). three positions of the in-

’

take were investigated with respect to thé axis of the dam:

FA (1) Fig. 5(a) depicts an intake structure co-axial

/ o *with thé dam;

(2) Fig. 5(b) ihdicétes an intake struc?ure inte;
grated in the dam..with the boré.othﬁe down-
" stream side of the utructure.

-(3) Fig. 5(c) putlines an independent water in-

. take structure upstream of the dam core and
filter. . ‘

Sl S S JVIREF S Spane 57V-Y
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«
The first two positions have been used.on LG-2 and-

LG-3 projects; respectively, of the James. Bay complex.
Although those sites do not possess the same dam layout andf
topography as LG-4, intakes of'similag‘éfrangements could

not be disregarded as potentially wviable alternatives.

- It remains to study the'relative engineering and
economical advantages of the various positions of the intake
structure. The penstocks of the third altérnative are 50
metres longer thaﬁ'those of the first two. It was feared
that this additional length could create -an unacceptable
pressure in -the units or excessive speeq rise at shutdown.
In such cases, a surge ;hamber is essential‘between the in-
take and the powerhouse. The surge éhamber dissipates_most

of the energy created by the back wave occurring during the

"~ shutdown of any group -[121. 1 Ao

An investigation in collaboration with a turbine
manufacturer, however, indicated that the length of the pen-’
stocks was within acceptable limits; i.e., the use of a

surge chamber was unnecessary. °

2.3 Description of the Positions

o

\ TQ‘(?‘ structure illustrated on Fig. 5(a) represents
pésition P;. 'fhis pesition of the intake creates a dis-
continuity in the dam coré. Cut;off walls at each end are
négessary to serve as abutments for the coré and transition
zone of the dam. These walls are designed’in sectioné S0 as

, to prevent movements which create weaknessés in -the core mate-

rial.

A

e moe e - PR . L] T ”
- L N ' 14
s - B , 7
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Fig. 5(5) outlines the seéond position Pj. In this
case, the downstream end of the 1ntake structure does not en-
croach on the dam core. This eliminetes the need for cut-off .
walls. The space between, the intakeaand the dam is back-.
filled to prdvide access to tﬁe intake deck To miuimize the
deflection of the structure subJected to the pressure of the,
dam £ill, the stiffness of theé intake had to Be increased.
Movements of, the intaké stgucture have to be minimized, in
order to ensure continuous confinement of the eoré ma%eriel
and tolprevent it from cracking. The latter induces particle

migration and washouts towards the downstream direction of

‘the dam.

ﬁig. 5(c) shews the layout‘of the third position
P3: This'position of the intake was iﬁfluenced by ideal geo-
technlcal criteria whlch call for the core and the filter to
rest on a r1g1d base, thereby_év01d1ng any interference from
- the intake structure. The intake was dlsplaced far enough
upstream to disengage it from both the filter and the core of
the dam, but this positioning required an access bridge between
the dam and the intake deck. - |
All- three positions require aButment or lateral
QallS'to retain some portion of the dam. ‘The heights andl
lengths of the walls are dlrectly related to the p031tlon of

the 1ntake with respect to the axis_of the dam.

2.4 Stability Analysis . . .

~The basic criterion in designing a structure is

Z{that it must w1thstand the loads exerted on it. Should the
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ihtake‘étructure:not'be stable_ggaiﬁst overfquing, sliding

or uplift,'conq;eté‘isJadded hnq/or'the formaof the stfuctuﬁe

"

is altered, taking care to presér%e its hydraulic efficiency.’

\

In the cases P] and Pp where, as shown in<Fig: -5(a)

and Fig. 5§(b), heavy béckfili‘loads are applied to tHe

structure, additional qpncrete was necessary to render them

stable.

[

L]

.

. . ©
.

Flg 6 Illustrates the procedure adopted for, the se-

lectlon and optlmlzatlon of the proper type anq‘p031tlon for

the intake structure for th;a»partlcular progect . ‘ R
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2.5 Cost ‘Analysis

Table 1 [2] summarizes an estimate of civil, hydrau-

lic and geotechnical costs of the three alternatives, P1, Py

’

and P3.

L .
The mechanical and electrical equipment are omitted

-from the estimation because'they\afe common to all the alter-

" natives. The estimate includes the cost due to the differen-

tial length of the penstocks and the rglative value of the

head loss.

»

- The cost comparison shows that Aiternative P3 is

. the least expensive. Baseq on this and'on technical and

braotical advantages, the management of the project consented

to a model study of Alternative Pj.
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3.0 DESIGN CONSIDERATIONS

’3.1 Introduction

. ~éesign of the intake should consider:
(1) Stfsctural soundness
(ii) Performance
}(iii) Economy L
1(iv) Head losses due to:
(gl-irash rack
iy © (b) Entrance
(¢) Gates

(v) Submergence of the intake and configuration
.of the structure and approach channel inso-
far as vortex action is concerned.

The latter two functions are optimized in a hydrau-

lic‘laboratory. Often, vortices are observed due to inade-
. ' >

quate submergence, the entrance shape, the overall structu-

ral shape or a combination of the three. These are corrected

3

by altering the overall geometry'of the structdre.’the setting

of the structure and/or the bell mouth shaped entrance of the

-

water &ntake

! N

3.2 Design Criteria

L

3.2.1 Codes and’ Standards

i}

The National Bulldlng Code (N.B.C.) I31 and the
United Statgs Bureau of Reclamataon (u. S.B. R.) Standards [11

are used 51multaneously in hydraullc works. Design assump¥

tion made durlng the conceptual phase of these progects also

S

'00931de35‘recorded performance data for the Northern Quebec

region. . C ~ ' BV

"3.2.2 . Construction Materlals

The‘propertles of materials to be used to bulld

»

5 ' L] * - 20 - ’ , . '
. v . . ! ]
. B .




the intake

towers are:

- Concrete:- B
(i) . Structural: ) g
(ii} Blockout: 5

. - Reinforcing Steel Bars: .

3.2.?

e

(i) From 10 to.15 sizes: fy‘
(ii) Prom 20 to 45 sizes: fy
- Aggregate: | '
Granite: Specifichravity
Loads
Thé applied loads are{“%
- fce Pressure:
‘Sidé:
- (1) Static: Upstream Face:

Downgtream Face:
Cii)sznamic Upstream Force:

Water:

(1) H&drostatic pressure
(ii) Uplift buoyancy pressure

Earth Pressure:

(i) Dam fill
(a) Specific Gravity:

(b) Coefficient of Pressure

at rest: v

Reference wind speed:

@Ground snow load:

Grayitational acceleration;-

Seismic factor 2zone:

°

Hun

it "

t

2.7

450 kN/m
150 kN/m
300 kN/m

750 KNAwr

‘¢

10 kN/m7xH,
10 KN/m3xH,

2.0

0.41

110 Km/hr -

4.8 kpa
981 cm/s2

S A o Sl

o A
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3.2.4 Stability Analysis
/ ) .
Because ~the intake str"ucture rests on a hill tOp,

the téwers t thé south end are founded on rock at a. lower
level than thosé in the center and on the n;;th 31de. To
correct -these dlfferences, mass congrete'ls added beneat
the southern towers to elevate tﬁé,foundatioqyté»the level"
of the remaining towérsh This mass concrete is considere

to act as an extension.of the rock foundation and this is

omitted from the stability analysis of the tower.

3.2.4.1 Stability Agéinét Overturning -
The safety factor against ovérturning is calcu-
lated by:

S.F. =fLMr S.F. 2 1.2 for normal cases
)IMo S.F. 2 1.1 for extreme cases

where I Mn = summation ofiresisting moments

and LMo = summation of overturning moments.

3.2.4,2 Stability Against Sliding
' The resistance,to sliding I[1) or shearing at any

level of the structure is computed from the equation:
Q =-CA+(IV + I0) tang
. LH

Q 2 3 for normal cases

Q > 1 for extreme casges

e

. Wwhere Q = shear friction safety factor;
C = unit cohesion (for LG-4 = 0.7 MPa=-concrete

on excavated rock surface); A = surface area

of the féundation; £V = vertical forces. EUﬂ-

.uplift fbrces; LH = horizontal forces; tan ﬁ =

Pl Aom et e e i besn VRS
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- coefficient of intérnal friction (0.75 for con-

crete on concrete or concrete on rock).

o 3.2.4.3 Stability Against Buoyancy

| ' In case the ga%es are closed and the tower is de-

| watered, the)gravitational mass of the structure must exceeq
the buoyancy forces under the foundation. The safety factor
against floating [11 is computed from:

S.F.

2V .
tU )
‘ E ‘L S.F. 2 1.2 for normal cases

S.F. > 1.1 for extreme cases

3.2.4.4 General Considerations

At certain sections the stresses are relativély
low comparéa fo the strength of ﬁhe structure. Sﬁch\ .
sections are designed to satisfy %he minimum requireméﬁté
such-as_temperature and shrinkage as weil as miriimum re-
inforcement required‘by_CSA étandards CAN3-A23.3-M77 [U],
E>j> lBasedidp the fact that the rock foundétipn under consider-

ation has a,much higher compressive strength than .the  con-

crete, design calculations have been limited o' concrete

.only. A .
3.3 . Degign ' ‘ R ”
3.3.1 Introduction

Once a viable water intake stfﬁcture is established -
" - and before the.detailed design commences, a model is con-

struétedéto_test the hydgaulic behaviour.




B PR AL PR, s e o L
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I

‘capacity and efficiency must be maintained. - - -

toward and around the intake towers and into” the intake

< the prototjpe. Flg 7 shows two views of the model of the -

the flow are: .

- 2h -

The water’ intake tower is shaped for structural

efficiency; it must withstand the applied forces at any
position of its height. 1In turn, if any part of the , !-

structure needs re-dimensioning for strength, hydraulic

3.3.2 Hydraulic Model Study C i

The '‘purpose of the hydraulic model [5] is RS
studyhthe behaviour of ‘the flow of water in the forebay

openings. . The hydraulic model which reproduces the de-
- s o

. ! .
signed structure is built of plexiglass to a 1/80 scale of

intake and the forebay channel. The parameters affectlng

(i) The‘shape and orientation of the structures;

(ii) Different.combinations of_open'and closed
l .

intakes;
|
- (iii) Approach conditions to the channel; ‘ . ,
- (iv) Forebay channel. elevatlon, . I ’

“ (v) - The depth of submergence of the intéke open-
‘ ing{
The model was tésted underqdifféfent simulated
conditions pf«the power house operations. Some openings

were operational while others were shut down.

© Initially, the model included interconnecting
walls between the- towers only up to the 1eve1 required to

fretain the toe of the dam. ~ ) %x

R . . 2 b e, o Lol P
R o - T v I
LR e S e
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Tests were made for maximum and minimum reservoir

levels to simulate summer and winter conditions. Partial

operation of the power house created -turbulence and vortices.
In .some cases, they entrained air into the' penstocks. Vor-
tices are not desirable because, if they entrain air down
the penstocks, they reduce the efficiency of the turbines

and create undesirable pressure fluctuation in the draff tube.

In the attempt to eliminate vortices, the cross

sectlonal shape of the towers was changed from trapez01dal

" to round Vortlces persisted under partial plant operation.

After several trlals with dlfferent modifications, vprtlces

were ellmlnated by~1nterconneot1ng the towers to full height

with a wall having a smooth upstream surface. This‘wall‘pre~~

vented the circulation of the water around the towers. The

‘water flowing between the dam and the intake structure had

no influence on the hydraulic behaviour in the~approacn to

the intake.

At the extremes. funnelli walls were added to -
direct the fiow.of the water towards the openings.

The minimum.submergence of the intake openings
below the'water.le;el of rhe réservoir as required to pre-
vent vortex actionfﬁes confirmed ny the model test. The
floor of the forebay éhannel was tested with and without a

slope (see Fig. 8), but no dlfference was observed. The

sloped alternative was adopted because of the reduced

. quantity and cost of the excavation.

Y ) . r

e e ko o e rmes b ek w2 singall
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Stability Analysis

The analysis was made of the entire structure of

one intake éower, including the lnterconnecthg walls, for

construction and for operation cases. The forces acting on
r

the structure during these two cases are given in Figs. 9

and 10.

The Figures show the calculatedlsaféty factors and

the resultant pressure on the base of the intake' structure.

3.3.4

P

Ice Impact . l

Dufing spring thawing, [61 ice blockKs in the re-

servoir gain momentum due to flow and fTbat toward the in-

take structure. Although the velocity of‘these blocks is

low, the enermity of their masses may be sufficient to cause

‘impact damageJto'the intake structure. The following empi-

rical formula was used to calculate the ice impact force:

=MKThb
where F{ = ice impact force in kN;' M = shape
fac%or. K = contact coefficient in percentage‘
T = compressive strength of 1ce,1n kPa, = ice
thickness based on degree days for LG-4 site in
meters;' b = projected width of the structure in
the direction of ice motlon 1n meters.

‘ Fy/b = 750 KN/m for hard ice: or
o 450 KN/m for soft ice '

The impact load exerted by hard ice is treated as

an extreme cape, because the stréngth of the ice reduces ra-

®

pidly in the sprlng thdw whep the contlnuous ice cover béglns

to break up and form floes. 51nce the reservoir level flue-

tuateg from season to season, the structure is de51gned to -

-~ -
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Where P = welght of the concrete mass
S = weight of the backfill
X hg= height of backfill
' Po= backfill pressure
A = slope angle.of backfill

— e,
B/3
1tem lovertur} Siid. Foundation Pressure (kPa) |
o "’T\_; » ' '
° FIG °9 Forces act;ng on the structure
. : durlng construc%lon‘perlod. SN
Y " s .
L, o A
0 . Ve
. .
fooe . .o

%
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-

backfill pressufe
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Where P .= weiéht of concrete mass E = weight of the water
« S = weight of ‘backfill’ By _ . A
N G = lce forces in most un- Eé = hydrostatic pressure
favorable direction U™ = uplift pressure
h = hydrostatic head Po = backfill pressure
h, = height of backfill B = slope angle of backfill
v Maximum nof%al water level
k-
e
L]
"] *
—— ; . o )
g backfill pressure
| camsomeT]
a1 [
" E, .
[ 2
L~ - P,
bessasa=]
—
+ {1
A
-
——
P .
v U
. Safety Factor )
Item [Overtur| Siid. | Uplift _Foundation Pregsure. (kPa):
, -~ - Upstream - Downstream .Side
; - - —— 251 ~
. UpStream l-3 8 ™ 1.9 6:‘“1 _1 :.
: , s . — ol o >
tr. . S o .
ot 1.7 iz | s R QTTIIOY ST 8
Sidg 1.5 10 . T NA —— :
A ' ; .

FIG 10 ' Forces acting on the
structure. during operation.
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\\~absorb‘thé'ice impact at any level between the maximum

. & c

énd minimum operating levels of the reservoir. Also, the
structure should be capable t6 absorb the impdct at any

angle and at any point along the upstream face. .

3.3.5 Thermai Expansion of Ice
’ .bur%ng the minter months, an ice sheet (71 is

formea'on the surféoedof the reservoir. As the temperature
changes the icenexpénds and exerts pressure on the towers. .
"Ice between the towers is protected from snow accumulation

by the intake deck which leaves the ice sheet uninsulated.
Hence, the ice sheet behind. and between tﬁe towers may be
~thioker thgn that 6f the forebay where the snow ogﬁumulaﬁ}on is
greater. Conséquently, the pressure exerted by thermal ex- ‘

pansion of ice behind and between adjacent towers is gréafer

than that exerted on the upstream face of the structure. «©

3.3.6 . Structural Analysis and Design .

3.3.6.1 Introduction

The intake sﬁrﬁctpre is designed for all possiBle
1oaaing cases combining ice, hydro-static, backfill forces
and ;ll otﬁer forces which may acégéimultaneously of in othef
‘combinations.. The ice force acts as a statlc load caused
by the_ thermal expanslon of the ice sheet or as a dynamic load
due to impact ‘w1th floating ice blocks propelled by flow and
"wind toward the infake5 The latter is the most criticall

load on the structufel o o L . . w

pol ~ L
» H .

i

2
4

\

i e = e o AR o i % i s e 8 o s W d RO

y
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“nénts act as stirrups which aid the concrete/to resist the

[
4

- 32 -

3.3.6.2 Shear Resistdnce

Fig. 11 shows the applied load due to|ice impact

acting on the full width of the tower and the resisting shear

force diagram. All calculations are based .on the ultimate

Dstrength‘désign methbd outlined in the reinforced concrete

code specified in Reference I[4#1. The tower is divided in
two typlcal sections; .one from the invert to [the top of the

watler passage, and the other above 1it.

Flg 15 (Sectlon 10) “shows a typica cross-sectlon
above the wa+er passage. For shear re51stan e this section
is analysed as a closed box. All of +the hor zontal reinforce-
shear forces. The lower portion which is open on_the‘ubstream ’
face is analyzed as a U-section. Each side  of this U—§e0tion
is considered to act as a separate rectangular section in
which the horizontal steel reinfércement a ting as a closed..
stirrup contributes to the shear resistance of the eptire“

section.

3.3.6.3’ Fiexural Resistance ' /

. The upstream-downstream ice imp?ct force and the
flexural resistance of the tower is shown on Fig. 12. -The

tower is analysed as a cantilevered strugsture embedded at

the base. Both the box and the U~secfioFs are analysed as

T-beams, where the two eides aré'consiered ag the web and
w

the downstream face of the settion as the flange., The critical

\

sectlon for this structure is lOLated Just above the water

passage. In calculatlng the flexural re51stance of the

»

A ' ' ) ‘ \
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tower at this level, only the vertical reinforcement on

the wings is considered as being effective. The central

13

portion (see Fig. 15 Section 10 and efevation~B) is neglected

since its continuity is interrupted by the water passage and

contributes very little to the overall strength of the canti-
levered structure. Figs. 14 and 15, with their respective’

cross sections, give the reinforcing details of the tower.

- 3.3.6.4 Torsional Resistance

Fig. 13 shows a orose—section of the tower loaded
on half of its width. The assumptions made in calculating
the torsional resistence of the tower are similar to the
ones made for the shear resistance pertaihlng to the upper
and lower sections. The crltlcal section of the tower is

at the interface between the open and closed sections. In

: . o B . .
the open section, the torsional resistance increases with

“the increase of cross section with depth.

e

The analysis and deﬁlgn for the c?mblned effect
of shear and torSLOn are well accounted for throughout the

structure. It is found that'the torsional stress alone in

the concrete of the open section surpasses the permissible -

stress given in the Reinforced Concrete -Standard [41; while

the torsional stress in the closed section is within the

permissibie'Vhlue. Thus, thg design fof the combined effect

of shear .and torsion is applicable only in the open section.
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This is achieved by using the formulae stipulated . in the

standard and “the section is reinforced accordingly (see

§

Fig. 14, Section 2).
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Moment.in*kN - mx107

FIG. 12: Bending due to ice impact
" force and resisting moment
diagram. ° .
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5.0 CONSTRUCTI ON

h.a Introduction

Scheduling congtruction phases is of paramount

importance. In heavy construction, such as this, activities

should be well organized so that one operation will not im-
pede or delay another. Where two contractors are in op-
eration simuléaneously. the work should be planned such
that one contractor does not interfere with the operation of
the other. (

} It is tﬁe field engineer's responsibility to see
that the cons%ruction.produces the structure as designed.
The‘foundétion nust be excavafed to sound rock; the joints
and the temperature control of the concrete have t; be well

planned, so as not to develop cracks and excessive shrinkage

in the 'structure.
- ¥
Lh,2 Excavation .and Foundation Treatment

- -

h.2.1 Excavation ‘
The first activity is to excavate the forebay

channel. . The‘operatioq requirés approximately 4 weeks with

. the use of conventional methods for open cut excavation: =+ -

To expose the rock surface, the overburden material has to

_ be removed before the drilling and blasting begins. The

overburden is removed with a scraper Jt a small dozer.

" An air track drill tSi. approximately 8 ecm in dia-
meter, is used for rock excavation. .The‘depth of the exca-

vation is aﬁopt S5msot only one excavation bench is

~h-
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necessary. The contractgr is required'to pre-split the rock
before any other blasting begins. Pre-splitting means that

a single rpw of closely spaced holes is drilled all along the
perimeter of the rock mass to be removed. Theée holes are
loaded with explosives very lightly and are continuously and
simul taneously blasted. This action has the effect of sepa-
rating the rock t9 be excavated from the surrounding rock, by

creating an artificial joint and a smooth rock face. Pre-
|

splitting operations help retain a stable rock face at the
N . 7

back of the intake where the toe of the dam core and filter

rest.

The following diagram [8] shows a typical excava-

tion block:

(1) Bench height = 10 meters
(2) Free face

(3) Burden = 20 to 40 explo—
sive diameters

(4) Spacing = 1 to 2 x burden
(5) Power column “

(6)'St@mm1ng = 0.5 to l 0 x
burden

\
(7) Subdrllling = 0.3 x burden
(8) Working floor of cut
(9) Collar ‘

burden

Wave propagation is monitored very closely in the
vicinity of the blast. where concreting or grouting opera-
tions are .in progress. The contractor is required to keep

particle velocities at-the surface\af the rock or concrete

(5 + 6) hole depth - 1.5 to Ux

e b i sl B i .0 AN i 0 T
N
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"planes should naot have a resistance below the criterion used

\

- b2 - . ‘

within 0.05m/s to 0.15m/s. 1In general, the quantityxof
powder needed for open cut excavation in granite.is approxf}

mately 1 Kg/mj of rock.

1

L.2.2 Foundation Treatment . o

The foundation of the intake [1] _has to sound
in order to resist the heavy load imposed by the intake
structure. To get rid of loose blocks at the foundation
level, it is necessary to expose the reck mass. Geological

mapping is done and all loose blocks are removed. Shear >

for the analysis of the stablllty of the structure; slopes

are kept within 10%.

- \\m

The position of the intake (ubstfeam of the core

of the dam) eliminates- the need for iurtaih grouting under
. . 1 . "

" the intake, because the continuity of the dam is not in-

terrupted. This operation would have been necessary if
‘ ’

eifher of the other two alternatives discussed Merein were

?

N

adopted.

.3 Temperature Con:}vl Joint Systems and Formwork

Problems such as shrlnkage. temperature crackF/
surface roughness are often encpunteredi se problems
can be controlled by eliminating their'gggizz altegetherzor
whenever possible reduce their damage to a miniﬁuﬁl'

1

h,3.1 Temperature Control

In massive concrete structures [1, 91, temperature

\

control is an important factor. Other problems sucﬁ as’

5
@
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many methods. shdding ice water or- crushed-ice to 'the mix is

: R

shrinkage an&'microcracks\§an be controlled by limiting the

¢

‘temperature fluctuation which the mix undergoes because of

its exothermic nsaction Temperatufe can be controlled by

the cheapest method. Other methods con81st of adding layers

of pipés atjﬁifferent intervals in the lift-and running cold
i '

water through them. Also, temperature in the concrete mass

2

the maximumlplacing temperdture, the height of the lifts and

ﬁheﬂtiWE'delay between success{ii;iiﬁfs. - '

4.3.2 . Joints

Construetlon and contractlon 301nts are chosq“:;-
[1,9] keeplng in mind the geonetry of the sectlon and the-
helght pf each llft. Flgs. 16 and 17 show the" const?uctlon

joihts of the intake structure. The individual intake towers

are designed as free standihg structyres which are stable by

their own mass. Hence, there is a requiped vertical con-
traction joint every Z21.3 mé%res separating adjacént tower
units. The size of each 1ift 1s a functlon of batch capﬁ\
'01ty of the concrete plant, economy of the formwork. and
limits of temperature contro}. ‘Time is also a factor since
concrete should remain p}aStic_until the e;d,of copcreﬁing
of each lift. Speed in pouring,eliminateé.or minimizes cold
joinfs. Cold joints are formed if gpncreting is interrupted
for & period of éime'exégéding the final éet;time. The
first 1lift pouf;d is the most critical. Concrete expands

during the ‘first 24 hours, due to its rise.in temperature.

»n

in the intake towers can be adequately controlled by limiting
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The rock, because of its larger mass, does not expand &t the

. same rate. When concrete cools, it will shrink but the rock

+ will not have the same movement of shrinkage as concrete. -

Concrete will crack because this differential shrinkage ex-

ceeds the tensile stresses in the mass. To minimize this

‘effect, the height of the 1ift is kept at approximately 1 to

'1.5 metres; this reduces the concrete vqume and the tempera-

i o
ture rise of the concrete. Also shown on the cross sectio

of the intake (Figs.1l4 and 15), reinforcing steei is provided to
decrease the possibility of cracks beceuse of shrinkage at
the base of the stfﬁgture. The upperAsucceseive Joints are

free from this problem since the volumes of concrete of

4

succeeding lifts are kept almost equal.

4.3.3  Formwork -

~

" A-well designed formwork [101 can save money and

£

is' safe against loss of lives and materials.. The criteripn

. used in designing and planning formwork depends on the im-

!

portance of the structure, the repetitive use of each panel,

. and the d@gifed surface finish.

- “ .~

The optimum depth of each lift [i‘a 9,101, taking
1nto account all the parameters outllned in thls chapter.
is between 3.0 %b 3.5 metres in the thinner sections of the

1ntake structure. The llfts from the foundatlon to the hy-

draullc paseage range from 1. 5 to 3 5 metres.

The formwork used for this klnd of structure is

either préfabricated and sometimes of patented design.

Because of the modular nature 2; the ihtake, the use of -

-
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.

-patented formwork is economical due~to multiple and repe-

- titive use.

Finish 3:

Patented forms have a sheating in contact with

o

N

concrete and usually are supported by steel or aluminum
studs. The United States Bureau of Reclamation outlines at -
least three types of formwork finigshes for most hydraulic

structures T11:°

This type of finish is used for surfaces which

are not exposed to sight.

Finish 1:
Surfaces covefed by
backfill or second phase concrete are formed

by this type of finish.

Finish 2: Used for all exposed surfaces.

Used for’all faces eprsed to high flow velo-

cities, such as the hydraulic Wate} passage.

N

The number of form sets_neéded for a job depends

on the judgément of the construction engineer. The frequen- .

-3

cy of use of the formwork depends on the time the concrete
is allowed to cure with the formwork on.For thin wdll 'sections.

72,hours of cﬁring are needed before the removal of the form-

~

work. But, for massive thick sections, 48 hours suffice..

,

Formwork should never be rgﬁbved before the concrete tempe-
rature near thé'exposed face is at or close t& the ambiént
temperature. Great care and precautions are taken to avaid
openings in the tower whicﬁ may induce a‘chimney effect. .
The cold air exposes the freshly unformed concrete to a
sudden thermal change, thus increasing the~chanc§b of shrink-
age cracks:‘ ‘ . ' : Co. 1

4 \
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Concreting in winter is usually beneficial to ) ‘/
massive structures, but for relatively thin sections such

as the intake tower, the formwork must be insulated or
- ¥

heated. .
L.h | Concrete Placing and Finishings

- b 41 ‘Concrete Placing
Concrete is placed by overhead cranes mounted at
“the center of one of the towers. From this position, the

crane can service the two adjacent towers. Concrete pumps

-

may ‘be used by installing additional delivery pipes as the

tower .rises. . -

\

Concrete I111 must be placed within 90.minutes of

.

commencbment of batchlng. Condre;\\}s placed in layers of

50cm/hour; the tlme 1nterval between success1ve layers o

-~ shoule ee as short as possible, to avoid cold jeints and ‘
must never be less than one hour. Vibration of nery placed
concrete is done by experlenced men as to avoid segregatlon

TR . 'or bleedlng i the mix. The v;brator must penetrate each

| ‘successive layer to create a good interaction between them.

No vibration is penmitted near the forms because this hes a

tendchy to trap air at the’intérface.‘forming eir pockets

\

in the concrete surfaee.

s : : . ~
L.hh.2 Concrete Surface ‘Finishes 3

H

\ ' The hydraulic water passage [11,'12]i

¢ A s o //
tical finish. The surface is subjected to high velocities.

has the mostgerié

Rough finishes cause the’ water flow to be irreéular. This

reduces the effective area of the water passage which may

\ .
’ L i
s -‘ < ' A ‘ v
. o . - . . .
\
oA
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,sed;%@hedule by .the project\man er'éf' deemed necessary.
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lead to costly head Josses. To avpid this, abrupt irregu- -

larities transverse to the direction of flow.are not

‘accepted on the concrete surfaces. They have to be removed

by grinding or other methods to a maximum slope in every
direction of 50:1. Other surface finishes are kept within

reasonable tolerances.

4.5 ' Construction Schedule

No matter how insignificant or important a job, a

carefully detailed plan can save both time and money for the

contractor. Each contractor bidding on a job-of this s%ze
is required to present a detailed construction schedule of

every operation. Minor modifjcations are made on the propo-

N

Provided the contractor's schedule respects dead- -
lines and other restrictions jn the sp901f1catlons and plans
prov1ded for blddlng.ehe is responsible for the setup, for
the sequence of operations and for the general handling of

the act1v1%1es requlred of the job.

\ 4

The flow chart on fig.518 gives the general gequ-
ence of ‘work, Fig. 19 shows the preliminary construction

SCheduleifer the intake structure.

*\j S . o

N\
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Design and Preparation of
Plans and {pecifications

¥
Approval by Management

NO

. . YES

Call for Tender

. .

- Analysis of Tenders

4

Award of Contract

e

Contraptor‘Schedulé

, Submitted for Approval
‘ to Project Manager _ ] , )

) 7> '
NO. J
: Satis- > \

. \, factory
. YES

-4 ' ) m

2

Issue of Construction.
Drawings by Management
to Follow the Approved
- Schedule

P
4
- . . ‘
s B
¢
[ '

- Construction \

- Fig. 18: Flow Chart - sequence of eéign work
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5.0 " CONCLUSIONS

On the basis of this study, the following conclu- |

‘sionsmay be reached insofar as optimisation, design and

construction of the intake structure for the LG-4 project i

are concerned. : ' oo

1.’ The type of intake:chosen, considering the rel-
. atively high head of water, was a system where each intake %

tower feeding one turbine, rather than a tower feeding multi-

ple turbines thréugh a manifold and valves.

2. The optimum position of the intake structure ’ 7
was fqund to be upstreaﬂifrom the dam, which avoids any in- v
terference w1th the dam core and the backfill load on the

downstream side of the structure.

' \3. The hydraulic model showed that, raieiné’the ' f

wing\walls of each towe; to maximum operational water level,

- the vortices and aif entrainment into the water passage was
‘ j eliminated. The model also assured the designers that the
bell-mouth opening, the trahsitign and the submergence of

the intake opening were adequate. .

b, Theoretically,'the cantilever tower was found to

e A BATIIIGNI T =

have more than adequate resistance -against the ice |
impact force in terms of shear, flexure and torsional re- 4
sistance. The factors of safety against overturning,

sliding and buoyancy are found to be within the allowable

limits outllned in the references given for thls type of -

structures.

- 52 -
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'5. @onstruction was characterized> the different
operations which the field engineers must follow to build a

sound structure.’ quecial emphasis was given to the founda-

. tion treatment after completing a carefully planned excava-

tion. Construction joints and temperature control of each’
1ift were discussed to minimize s.hrin\kage and tgmperafure J
cracks due to volume cﬁange. Surféce finishes were treated
in o'rder: to point out the importance of using-good fprms to
minimize reduction of effective flow area and, hence, head ~
losses in the water paégage an{l transition zone. ., Finally,

the construction sc(l\f;dule was giver; to show a tentative

sequence of operations and their.duration. ‘ v
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