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Flash flood control reservoirs in Rio de Janeiro

Alberto Ortigao, PhD, FICE, CEng, PE (US)

ice.org.uk



Storms in Rio de Janeiro

1580 Father Anchieta




1711 French invasion

Invasion of Rio de Janeiro Renée Duguay-Trouin

o GG e g

Institution of Civil Engineers.




Tijuca Basin

1 Rio Joana
| el E

-~ Maracana
S Football

Aot .-‘.f-‘ = :
N T J.h- & ;‘ *’-":b— - st

ICC

Institution of Civil Engineers.




Flash floods 1940-1970

Bandeira Square
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Reservoir location

" Rio Juana
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Reservoir design

Diameter 40 m
Depth 20 m
Volume 20000 m?3
Diaphragm wall

« 80 cm thick

« 30 m deep
]G sealed joints
Internal ring beams
No bottom slab




Ground conditions
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Constitutive models HSM & HSsmall

HSM and HSsmall
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Plaxis 2D Numerical model

Output Version 2011.1.7671.7015
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Deformed mesh |u| (scaled up 500 times)
Maximum value = 4.557*103 m (Element 151 at Node 2681)

Date

16/07/2012

Project description
Reservatoério de retengéo - Praca da Bandeira RJ

m Terratek .

RT Praca da Bandeira SP-117

User name.

Terratek Ltd
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3D numerical model
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Diaphragm wall construction
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Pumping test

Well

A
Observation wells
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Seepage analysis

Max inflow 3
m3/day




Instrumentation

Topographical targets and settlement pegs
Inclinometers
Piezometers




Inclinometers

Numerically
calibrated values

Reservatério
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Horizontal displacements (mm)




Bandeira Square Reservoir




Niteroi Square Reservoir

= Radius 17.5m

= Depth 28 m

= Diaphragm wall 80 cm thick
= 5 |evels of concrete rings
=\/olume 60000 m?3




Diaphragm wall Y-joints

Jet grouting columns

Y-joints |

Diaphragm wall




Site investigation

» Boreholes

* PMT testing

* MASW geophysics
* Pumping test
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i PMT SoilProps v.1.0

Import data

— Calculation properties

Start strain [ 8] Cohesion [ 0.00 (k.Pa)l G [ 8.61 (MPa)] Define in graph
End strain | 30| phi| 33.00(deg)|  paissonratio| 0.20]

# offset |10.10 %| Dilation angle | 10,00 (deg) | Small strain - [V]

P M | prOg ral I I ¥ offset |D.DD %| horizon:alstress| SD.GD(kF'a)| Large strain  [V]

550 -

500

450 G861 MPy

400

Carter et al 1986

300 -

P (kPa)

AR 2507

#5:|GEOLOGISMIKI

WE DO THE NUMBERS, YOU DO THE JOB! 200 -

180+

100

—0— PMT data  —— Small strain_—— Large strain_ ]

IC@

Institution of Civil Engineers.




Pref irm
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Plaxis 2D

X

( HS-small)

PMT Numerical calibration
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Elevation (m)

MASW Geophysics

Shear wave velocity V. (m/s)

20 20
l Interseccido cf|L1
10 L3/B1 L1/B4 10
__ 0] : 0
== 639
_1 0 1086 _1 0
=20 =20
=30 =30




Soil model

Loose fill

Stiff clay
Dense Sand

Sandy clay

Granite
Ak
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Medium dense sand

Stiff clay layers

Rock
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Output Version 2012.2.8698.7564

Max 12 mm

107 m)

12.00

g g 3 g s 2
8 8 8 8 8 8
- S a < ~ ©

5.00

SEaeany

AT RTINS

7 L
L
O]
L«W..u»«%ﬁ»,

B NXTE n»ﬁi

e AVAYA Sy
& s
KA RA]

=
SN
s
S

s

e

NS

S
%

i

s

RANE,
Anwﬁv

Vit
s
=t
v,

NV
WG
%Ay

25

)

%)

I
A%y

i
5
A,

>
S
X

]
Pay

KN
PR
By
KV

o

s,
0

2
SV

Z

VAT
S
N
a
S
I

\

K

,.:; v
Pivviresod

S

AVirs Vs
0
AN,

avy

S

Va

PANRE

\INA

PP
79
N VAV

N

{
R
IRPOSRRORRER

aa?ggsgzwﬁﬁn

4
i

Z\NNNZV%) % )YAY
sEs iy
NNV NN
e
KRR
KRN SAAA

gl

iy

%

LSS

A s g AT

A

i‘

v
!

4.00

EATIN

N/

N

LA YA

TR
N%»m&h

3.00

00

1.00

0.00

lacements |u]

ispl
0.01191 m (Element 6353 at Node 127605)
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Transverse moments

Output Version 2012.2.8698.7564

1 400 kKNm /m

o 50 kNm /m

Bending moments M,
Maximum value = 451.3 kNm/m (Element 5122 at Node 101700)

Minimum value = -506.2 kNm/m (Element 8010 at Node 152195)

Reservatorio Praca Niteroi - Solugdo Ameba - Sondagem S _..H2/07/2013

% Terratek (=

Niteroi pogo ameba V12 - JG 235 |Terratek Ltd

Transverse moments M11
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Output Version 2012.2.8698.7564

Ring axial compression loads

[kN/m]
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Axial forces NZ

Maximum value = 4278 kN/m (Element 5701 at Node 121328)
Minimum value = -10.00*10% kN/m (Element 5751 at Node 103320)

% Terratek

[Project descrption

Reservatério Praca Niteroi - Solugdo Ameba - Sondagem S ...

12/07/2013

User name

Terratek Ltd

[Project fiename

Niteréi poco ameba V12 - JG 235

Axial load N2

-500 kKN/m
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Niterol Square
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Varnhagen Square




Varnhagen Square

o Depth 23 m

o Central shaft radius 22 m

o Side shafts 15 m radius

o Volume 45 000 m?3

o 80 cm thick diaphragm wall
o Four levels of concrete rings




Soil profile

Elevation
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Depth (m)
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Soil properties

[TP[]
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Plaxis 3D model

W Terratek —— L




Horizontal displacements

Max values 50 mm
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Loading on compression rings

Output Version 2012.2.8698.7564

[kN/m]
2000.00
1500.00
1000.00
500.00
— 0.00
—— -500.00
[———-1000.00
I -1500.00
-2000.00
-2500.00
S ) = i -3000.00
Axial forces N,
Maximum value = 6463 kN/m (Element 11338 at Node 94922)
Minimum value = -16.86*10% kN/m (Element 17430 at Node 375116)
|Project description |Date
W Terratek Varnhagen MM - Plaxis 3D 16/08/2013
[Project fiename. [Step User name
Varnhagem MM sol B v12 57 Terratek Ltd
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Horizontal
Displacements
(mm)

60
50
40
30
20
10

Predicted horizontal displacements




1400
1200
1000
800
600
40
20

o O O

Predicted diaphragm wall loading

Compression  Vertical Horizontal ~ Torsional
loads N1 x 10 Moments Moments moments
(kN) M11 (KNm/m)M22 (kKNm/m)M12 (kKNm/m)
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Instrumentation plan

M irclinemeter
Piezometer




Instrumentation results
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Varnhagen Square
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Conclusions

o Comprehensive site investigation

o 3D numerical modelling
Successful World Cup

o Design and Olympics

o 80 cm thick diaphragm wall il

o Internal rings ik, T

o JG for joint sealings },

o JG improved Y-joints RS PR

o Deep bottom slab avoided | el el

S et B o

o No damage to surrounding buildings
o Fast construction rates




Questions ?/

Contact details
Alberto Ortigao

ortigao@terratekinc.com
+1(203) 5151817 WhatsApp

% Terratek
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