LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

CONSTRUCTION AND
FIRST FILLING OF PINHAO
CONCRETE FACE
ROCKFILL DAM

Jodo Marcelino®, Manuel Moras?, Sotero Ribeiro?
1 - LNEC email:marcelino@Inec.pt
2- ATMAD web:http://www.aguas-tmad.pt/



mailto:marcelino@lnec.pt
http://www.aguas-tmad.pt/

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Synopsis

>Dam characteristics

>Monitoring system

>Results of the monitoring during the 1* filling
>Final remarks

© LNEC 2006



+ (EEe

Gijdn
™
A Comufia) P e R S s
o ‘._\"?I--I-' T
Santiago deT = | Lo Gviedo W
Compostels o * A
-'..'. - - ..
f Ly F'-::-n erada Ledn
- Pontevedra. o,
' - i —
General data - location LS owenset -

/ i :
Portg *=—* F'ars{::laﬂ "

L I}
Santa Maria | l
Da Eewa "N S

Lo i ] -

Figueiral (% * Cowilh -

E - - d { .'.' e
da|Foz (/1 Coimbral LaTalavers &

(Y

e I.= REinas
F‘mnl::-ﬂl

F"c:rtugal._ Caceres

Tomres. T -\L
wedrash | ‘.hlﬁ Franca \\_\.
A .JE Xira

— -l- -;J
Sintra 2 "' L|5::-|:u.:.
[
Wi
III
Loaile
e

Paredes. T Mon |srs| \f;.\'\AJ
de Coura. i

e w Gimb
fJ Mantalegre jh“'a“

& -
W 4 Marbe
AVinh Gibraltar

Google - Imagers-02011-TerraMe

Vilardewds

Arcos De
Valdevez

|

Toos iy >
Cabeceiras ‘R;r:.m
v Basi idePena
i oS0 e BN o Bouca
T AT L5 ar,

f - [E808
de.. Guimaraes Fafo iy s
: 7 ASE S i
S Celorico ¢ Marssrs
% de Basto o :
Pavoa de i TPt 3 ]
Varzim € uerd " :_ i /)_ |
- Wila Florigh
Pagos de_ TR —;\j,H(:dl : ¥ _
Ferreira Ay AAMAran 'b\ /“- Esz Sabrosa Al oty arazeda
R / L De Ariides
PJ’ELEE—'M y Santa Marta
o % Marco de : D Penagito
P4 Canaveses r'pam Frio a2, Tk
e B < F,ssa dafs '
Vila|Nova: Porto : e P abuAgs,
de Gai§ - a20 S Cintes” Lamago Armamar
L W ~grdePava
s e 3 Tarouca ' Moimenta 2 !
€ Expnnof\IBl <0 i eria it ,
g Lo N da Beira ‘|Pencdond BT
[ Santa|Maria / P i Medaref

I‘\Or’r\% { a Feira Arouca | i = By 10 5
20 km {75 A i " C B3R 1Gra00ke - Imagery ©2011sTarsAbieisos Map dataSp0t 1 Tele Alas.



Characteristics

V=4.24x10° m’
H=22m '
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+ M=244250.00

P=491850.00
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Monitoring system

+Reservoir water level

~Meteorological data
— Rainfall & temperature

~Surface and internal displacements
— 12 surface benchmarks
— 8 inclinometers in 4 cross-sections

~Water pressure in the foundation
— 2 standpipe piezometers in 4 cross sections

~Total flow discharge
— two V shaped weirs

~Visual inspection
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1% filling

685

680
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= 675
o Elevation ,, , . Storage x10° % of maximum =
Filling step (m) % height m’ volume %
>
\deal value 675 65.9 2.09 49.3 g 670
Minimum value 674 61.4 1.69 39.8
Maximum value 676 70.5 2.6 61.3
665
660
2 4 6
i
Stored volume (x10° m?)
Variable Minimum frequency Mandatory measurements
Reservoir level Daily Not applicable
Surface displacements Annual a)
Internal displacements
Flow Biweekly a)
Piezometric levels Monthly a)
Rain fall Daily Not applicable
Routine visual inspection Monthly a)
Special visual inspection Annual a)
Exceptional visual inspection After event Not applicable
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a)Beginning, end of stairs, and end of first filling or rapid drawdown




1% Filling
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Water level (m)
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Mechanical Model

Code Aster (EDF)

Finite element mesh (2383 triangular elements
w/ 4875 nodal points)

Camada 11 - -,

. omer

s

Q0148

Settlements due to the construction less than 3
cm
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Models

Seepage analysis

Foisrieial ()
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onitoring results
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Flow (I/s)
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B == Reservoir level 682
Model
5 =@ Actual readings G680
678
4 676 _
£
674 <=
3 S
672 ¢
Q
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Date
Flow|1/s]=2,149—0.00133 N+0.3046 f (M |—0,3537(wl —670|+0.0451(wl— 670

)2

Model - 98 m®/day
Actual measurements — 118 m®/day

i e e 6 e e cands

© LNEC 2006




LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Final remarks

The dam presents a behaviour that can be classified as
good, within the forecasts made prior to construction,
both for the hydraulic behaviour of its foundations and
for the stress-strain behaviour.

Continuation of the monitoring activities will soon allow
the preparation of models for the validation of the
monitoring results and its integration into safety control
systems.
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