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Muestras superficiales fondo marino
Piezoconos submarinos

Plataformas

Barcos de perforacion

Perforacion submarina autonoma
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» |dentificacion de las capas del subsuelo
» Determinacion de sus propiedades fisicas y mecanicas

e Ensayos de campo
— Geofisica Caracterizacion
— Calicatas
— Sondeos y muestras
— Ensayos in situ
— Ensayos a escala real

e Ensayos de laboratorio Modelizacion
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Intervienen distintas disciplinas, muchas veces
en un mismo medio

» Oceanografia

» Geofisica marina

» Arqueologia

» Medio Ambiente — Inventario ambiental

» Biologia marina

» Geologia
» Geotecnia

Fuente imdagenes: Offshore Geohazards, NGI, 2005
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e Rom 0.5-05 Recomendaciones para Obras Maritimas y Portuarias. Puertos del
Estado.

e 1SO 19901-8 (Norsok-G-001) Marine Soil Investigations. TC 67/WG7 2010,
borrador.

e |SSMGE TC1 Geotechnical & Geophysical Investigations for Offshore and
Nearshore Developments, 2005. Review.

e Det Norske Veritas (DNV)
— DNV-0S-J101 Design of offshore wind turbine structures, 2010.
— DNV CN 30.4 Classification Notes Foundations.

e BSH (Bundesamt fur Seeschifffahrt und Hydrographie), Alemania.
— Standard for Ground investigations for offshore wind farms, 2008.
— Standard for Geotechnical Site and Route Surveys, 2003.

 Guidance Notes on Geotechnical Investigation for Offshore Renewable Energy
Projects, 2005. OSIG-SUT.

 PIANC, 2000. Report Site Investigation Requirements for Dredging Works.

e PIANC 2016, Report 144. Classification of Soils and Rocks for the Maritime
Dredging Process, Part 2, Site Investigation.
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ESTUDIOS PRELIMINARES
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¢Aguas profundas o someras?

cresta

valle 7\
AGUAS PROFUNDAS AGUAS SOMERAS
Profundidad >> A/2 Profundidad << A/2
Las olas no afectan el fondo La ola se hace eliptica y afecta el fondo marino
—

«Reduccién en la longitud de la ola.
«Incremento de la pendiente A/A de la ola hasta finalmente romper si profundidad = H*1,3.
eIncremento de corriente orbital en el fondo marino.

» Practica: offshore si profundidad > 30 m aprox.
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e Desk studies (gabinete)
e Planificacion

GUIDANCE NOTES OMN SITE INVESTIGATIONS REV: 02
FOR OFFSHCORE REMEWABLE ENERGY PROJECTS

1.0 YROCESS FLOWCHART

Rl
Fubic
Domen | Fo b Sacel
4u.g BOEE Rt § Biccis
|
e
] Agwaed
ol Frrrifau™ Tria e’ al alak Fibiahl . )
Foppsm o L= Detm Smvwp | gl vyt - Sy - Lty b
Bt A rmyiee] ot | Coati e iy B Taibrg
Parfomn Survy Parfzem Sunvey
Pl
O e AT T Sgbwctrazal
lr-dloss — Hoops of e
[sF T Wy “Wen
—
" J
L
[Ty
—
—
m' | | T | T — Ty e .
[yl S L 1 oo Ot m: ol =iy i
|
[

111 JORNADA DE PRESENTACION DE GRUPOS DE TRABAJO PIANC (WG 144): DRAGADOS VS GEOTECNIA




Caracterizacion Geotécnica in situ en
Proyectos Marinos
Marcelo Devincenzi

BATIMETRIA Y GEOFISICA
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Informacion del fondo marino (profundidad del agua)
Sonares, basados en reflexion de pulsos ultrasdnicos
Diferentes frecuencias de operacion

» Sistemas para batimetrias (ecosondas monohaz o multihaz)
» Espesor sedimentos superficiales (altas y bajas frecuencias a la vez)

Ecosondas monohaz o multihaz Sonar de barrido lateral

= ’f‘i

Batimetria de detalle plano morfoldgico del fondo marino
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Informacion cualitativa de suelos o rocas bajo el fondo marino
e Toma de datos

 Procesado de datos

e Entregables (factual reports)

e Interpretacion de datos

e Entregables interpretados

Sismica Reflexiéon de Alta Resolucidn Sismica de refraccion Magnetrometro
(sub-bottom profiling)

Menores frecuencias, mayor penetracion Velocidad de la ondas sismicas Localizacion restos ferromagnéticos
Mayor frecuencia, mejor resolucion Correlaciones con parametros ] Pecios

*  Sparkers Correlaciones con dragabilidad e  Tuberias metalicas

. Boomers . UXOs

. Pingers
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GEOTECNIA: MUESTRAS Y
ENSAYOS
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Equipos para muestras submarinas

e Drilling mode sampling
e Plataforma fija (jack up o SEP)
e Plataforma flotante (barge)
e Barco de perforacion
e Perforacion remota submarina

 Non drilling mode
e Tomamuestras diversos
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Toma de muestras superficiales (desde el fondo marino o seabed)
» Grab Sampler (cucharas)
Vibro Corer
Box Corer
Piston Corer
Rock Corer

yvyvyy

Ensayos in situ (desde el fondo marino o seabed)
» Piezoconos

» T-Bar
» Freefall cpt
» DMT —

Sondeos con toma de muestras
» Desde plataformas
» Desde barcos
> Sondeos submarinos auténomos (y CPTU / SCPTU)

Ensayos in situ (desde superficie)

» Piezoconos (CPTU) y piezoconos sismicos (SCPTU)
Vane Test (FVT)
Dilatémetro Marchetti (DMT y SDMT)
Penetracion Estdandar: SPT (s6lo obras costeras)

y¥vyvyy

Presiometria

Ensayos de laboratorio

¥ ¥ ¥y yv¥vv

¥y vyvry¥yy

Barco no especifico
Geotecnia “superficial”
Dragados
Cableados/tuberias

Anclas succion

Barco especifico o
Plataforma

Geotecnia + “profunda”
Estructuras puertos
Monopilotes
Plataformas O&G
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Spoons, grabs, van veen... para muestras superficiales
alteradas

Box corer (muestra menos alterada)
Open end gravity corer, 3to 8 m
Piston corer

Vibro corer

Vibro corer Piston corer Van Veen
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Plasma Rope — A B C D E

Pendant —» !

Trigger Assembly —»

Core Head —

Core Barrel
wi PVC Liner — *

Trigger H

-

Fiston —=

Cutter/ Catcher —» 00/

Trigger Weight _,A
0

Core
Sample —» ‘
Recovery

L] Free
Fall

Core Rig
Penetration

Cortesia TDI Brooks Ltd. - L |
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Figure 15 Resume of VC penetration and recovery and number of VC camied out
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GEOMYTSA

Geofisica Mar y Tierra
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 Bolos en superficie

e 4 m arenas finas entre capas de arcilla blanda

|
1

Elevation (m)

17

-18

qc (MPa)
8 10 12 14 16 18 20 22

== qc
—— Somerton index

SBT (Robertson 1986
1 Sensitive fine grained
7 Silty sand to sandy silt
= | 8 Sand to silty sand

9 Sand

(RETRINE
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MiniDrill Submarina Igeotest e  Geotechnical lab UPC

 Significant amount of

079 | remoulding but still very good
7 Cinsiu | <— U'ln—snu H
N P preserved sections
- e Non plastic sandy silt
° . 15% clay, 50% silt, 35% fine sand
'}E 0.76
5 . Cc=0.027
= 0.75
e (Cs=0.002
0.74 —
073~
01 0 10 100 100 © e Lunne etal. (1997) criteria
Vertical effective stress, o' (kPa)
CRS oedometric test on a retrieved specimen . ve r.y g 00 d to eXC@
Scan of 1 m long core retreived on sandy silt NIVERSIAT PO TECIER
@ DE CATALUNYA
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ENSAYOS IN SITU SEABED
PIEZOCONOS SUBMARINOS
(SUPERFICIALES)
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DESIGN SHEET

Rod length - cassette depth calculations

Red: @19.05mm

Coil Diameter: 1019.05mm

Coil Rad: 509.525

Coil Circumference: 2.Pi.509.525 = 3201.44mm 20,000mm

{Remaining quarter turn {o point where
rod clamps)

20m push: 20 / 3.201 = 6.25 Revolutions minimum,

Ideal 6.5 Revolutions.
leal evolutions 5

%
S

Total Rod Length: 21550mm

20,800mm
(clamping fitted here)

12808.0mm
9604.5mm
6403.0mm
3201.5mm
Omm
Straight length - 750mm

4—————— Cone Coupling

‘\ Cone

Rev  Date Details

imojono
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Figure 17 Resume of the CPTy campaign
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Randolph et al., 2005
Penetration resistance, q (kPa)
-200 -100 0 100 200 300

3.6 ' '
3.8
Depth 4
(m) 4.2
4.4
4.6
4.8
Nl B seas
i . i i ':.
i E E St = Qintact / Qremouided
B 1 i @ "7
% y \\" :”f? - /:ﬁ: E_n:,;mold;ad.E St = Qintact / Qremouded
\ / K“.j/j %, zone &

D D

Detalle de prototipos full-flow y mecanismo de flujo (Yafrate & DeJong, 2005)
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Orpar (KPQ) Orpar (KPQ)
-200 -150 -100 -50 0 50 100 150 200 -100 -50 0 50 100
0 | | | i | | | J | | | | 24
0.4 i - 28 —
0.8 - - E
i -32 2
1.2 L 8
] E
1.6 — -36 3
i L e
o
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244  meedaa A I
% 1 : : 4.4
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S 3.2 - | ‘ '
= | |
9 ] | i | -
. | | : %
] : ! /i 4 g
4.4 — PRIGRUA. . S0 ) IS (U RPN, X% 1 / g
| // Sensitividad media %
4.8 - - -2
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—1
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111 JORNADA DE PRESENTACION DE GRUPOS DE TRABAJO PIANC (WG 144): DRAGADOS VS GEOTECNIA



Reconocimientos Geotecnicos
en Proyectos Marinos

Marcelo Devincenzi

2 200 mm
1’ Cone tip resistance, g, (kPa)
o I.._. 0 200 400 600
m 0
|
. = 4
;;) ! E
B ol Dynamic
=
2 b
3 "4 .
| - Static _
=4 & Increasing
- i
E velocity
2
3 * 10
|
Vo 12
@438 mm

(a) Field scale (Stegmann ez al., 20006) (ﬂ) Tlp resistance
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PLATAFORMAS
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e Rotacion con circulacion directa y recuperacion continua de
testigo

e Rotacion con circulacién inversa, no usual

e Rotopercusion, no usual

e Wire-line

EA
P

BT wenciastmm e
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igeotestmarina

RL 600 SO |
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Platform Operational Limits

Wind Speed (Gust

Description Wave (Hmax) i) Current (speed m/s)
m/s
Floating or pre-loading 0.8 10 1
1.5 m (if wave period > 6
Staff §)
. . . 10 2
Boarding/disembarking 1.2 m (if wave period < 6
§)
2 (depending on
Stand-by on location 13 2

evacuation means)

Separation < 17m Note: Wave above stil water level
0.65x wave height approx.

N
= Q’\
\\ \\s ~i| Small Jack-Up 15 0.5 200 N/A 7,000
\ \\\\\\\\ Medium Jack-up 1.5 0.7a 1.0 100-200 | >200 11,500
Large c 1020 30-50 >100 20,000
Construction
R R R T

Current (kn)

111 JORNADA DE PRESENTACION DE GRUPOS DE TRABAJO PIANC (WG 144): DRAGADOS VS GEOTECNIA igeotes




Reconocimientos Geotecnicos
en Proyectos Marinos

Marcelo Devincenzi

111 JORNADA DE PRESENTACION DE GRUPOS DE TRABAJO PIANC (WG 144): DRAGADOS VS GEOTECNIA



Reconocimientos Geotecnicos

’ . ’ — . — 4
l l e e S m'a S = - — — en Proyectos Marinos
Marcelo Devincenzi

Fieldworks Weather Downtime

Large construction jack-up total 56 days £1.35m

51 S

Construction jack-up total 110 days £1.4m

55 55

Small nearshore jack-up total 210 days £1.7m

60 150

Steve Williams, 2005
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Cortesia: SeaCore, UK
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Puede pasar...y- pasae— e
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BARCOS DE PERFORACION
DRILLING SHIPS
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e |nvestigaciones en aguas profundas: =100° a
1.000° metros de profundidad

e Profundidad minima =25 metros

ISSMFE, 2005

e Excesivo (caro) near shore
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Cortesia Bluestone Offshore
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PERFORACION SUBMARINA
AUTONOMA
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Alta productividad & eficiencia (3 to 5 veces,
Yetginer and Tjelta, 2011)

Mayor flexibilidad de las operaciones, barco
no especifico

Buen control de la profundidad
Buena calidad de las muestras
Buena calidad de datos in situ
Menor standby

Mayor seguridad! (operacion remota)
Hasta 3.000mbsf

Adaptado de Robertson et al., ISC’4, 2012
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e { e

PROD Benthic Geotech System 2010 Gregg SeaFloor Drill (GSDD) 2012 Canyon ROVDrill Mk.2 2012
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Principalmente para aguas profundas S| (100s
a 1.000s metros)

Un tanto excesivo para aguas poco profundas

Puede ser incluso mas caro que la perforacion
desde barco con poco calado (?7?)

Performance break-even point entre
superficie y desde el fondo a = 150 m

Yetginer and Tjelta (for PROD), 2011
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B a rCO V o~ e - S en Proyectos Marinos
= : Marcelo Devincenzi

_-‘-_

Surface Drilling |

Average Composite Progress Rate (m/h)
|
i -
| I
[ T
B
I
|
I w
| M
Q
o
®
Q.
oo
Q)
o
®
&
-
% |
@

Water Depth (m LAT)

Tjelta and Yetginer, 2011
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ENSAYOS GEOTECNICOS IN SITU
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netration Test (SPT)
— Presidometros y dilatdmetros (PBP, MPM)

— Molinete o Vane Test (FVT)

— Ensayos de permeabilidad (Lugeon, Lefranc)

 Ensayos sin sondeo previo
— Penetracion dinamica continua (DPL, DPM, DPSH)
— Penetracion estatica y Piezocono (CPT y CPTU)
— Dilatome '
— Vane Borer (FVT en penetracion)
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Parametros del Suelo

Tipo de Terreno

gt : :
Grupo Tipo E L .5 o | |
E 3 N g Mo g = K
7 plalile|lo|«|g|¢ | 3 ElE|E|S
: :
Dinamico C B - C C - - - C - C - - C B A B B B
SPT A B = C C = = = C = C = = C B A A A A
CPT mecanico B | AB| - C C C - - C C C - - C C A|lA|[A]|A
CPT eléctrico B A = C B [AB| C = = B [BC| B - = C C A A A A

) CPTU A A A B B (AB| B |AB| B B |BC| B C = C = A A A A
CPT/CPTU sismico A A A B (AB|AB|( B |AB| B A B B B = C A A A A
Punta resistividad B B - B (@ A (@ - - - - - - - C - A A A A
Dilatémetro Plano
(DMT) B A C B B C B = = B B B C C C = A A A A
o S FR [EEE BlB|-|c|Blc|B|c|-|B|c|c|clal|la|B|B|B|A|B
(PBP)

‘E Autoperforante (SBP) B B Al B B B B Al B A’ |AB| B | AB - B - A B
Hinca (FDP) B B = B C = A2 C C = - A A
Vane-Test (FVT) B| C| - - | A - - -l -1-1]-|[BC - -] - - - | A|B
Placa de Carga C - - C B B B (@ (@ A (@ B B A B B A A A
Placa helicoidal (screw clc _ clelelBlclclalcles _ _ _ _ Alalala
plate)

g Permeabilidad en c _ A _ _ _ _ B | A _ _ _ _ Alalalalalalse
sondeos
Fracturacion hidraulica - - B - - - - C C - B - - B B - - C A C
Cross hole/Down _ _ _ _ _ _ _ _ _
hole/Sismica < < 2 = . A > 2 2 A .
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MUESTRAS INALTERADAS
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Inalterada? — — e
° s : Marcelo Devincenzi

 Problemas
— Alteracion estado original
— Compresion/descompresion
— Gas

— Traslado
— Tallado

e SoOlo en suelos con cohesion

e Tamano reducido de muestra (baja
representatividad)

e Resultados conservadores
* Ensayos laboratorio + Lentos
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: . y_jis Marcelo Devincenzi

Lunne \'4 Lon d. 2006 - T,

e Piston estacionario i

e Angulo de ataque 59 -
e Reductor de friccion
e Relacion de areas <17% L

—Jl

* Friccion interior minima

e Medida de la penetracion para calcular % recuperacion de la
muestra
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e Buena ejecucion
 Almacenado siempre vertical

e Aislamiento de agentes externos en camara
e Evitar golpes
 Traslado cuidadoso

Lectura recomendada
« Lunne & Long, 2006
- Lunne & Andersen, 2007
- Tanaka, 2008
- DeGroot et al., 2008
- Lacasse et al., 2008
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Marcelo Devincenzi

e Eddmetro o triaxial con deformacion constante

e Técnicas no destructivas. Se evalua antes de realizar el ensayo de
laboratorio: V,/ VSpr.

0
000 002 004 D05 008 010 012 014 B EBcElock
0 e e [ e e ) | W EEBC Fized Piston
Block Lierstr A BBC Fres Piston
| I S4mm, Lisrstr, | 10 71— & BBCSPT
l J fanm.te: | = &> BBC Remolded
| | Black. Daneviksgt. | | 0 Onsay Block
5 a A Al | S4mm, Daneviksgt, | ] -
™ 5| Biock. Onsey 0.8 —ﬁ O Onsay Remoalded
Aha A T AA I E4mm, Onsay | I:EIF O Burswood Block
L L | Tomm Gnsay " | - &J L Y/ Burswcod Remolded
Témm Onsoy = e
AA A =
oft b : Joor¥y T W
E E
£ Nalm alDpa ' i -
2 AR | | 204 s ®
a =
B, o
15 ti“ | 6‘5 & Ol | i & @.
I g & d
I o8 | 0.2 @
| | | !
" " | A |
2 | I | 7 OD i i i i 1 i i i i 1 i L i i
| 0.00 0.05 0.10 0.15
Very goog ood Ve
& DIGIE:
-3 1 I 1 1 1 I

* The T6mm diameter trimmed 0 54 mm

- Shear wave velocity vs Ae/e, for Onsoy,
Il < . vs depth for three Norwegian Boston Blue (BBC) and Burswood clays (de/e,
clays (anisofropically consolidated friaxial

_ from constant rate of strain oedometer tests)
fests) (Lunne and Andersen 2007)

(Landon et al. 2007)
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MiniDrill Submarina Igeotest e  Geotechnical lab UPC

 Significant amount of

079 | remoulding but still very good
7 Cinsiu | <— U'ln—snu H
N P preserved sections
- e Non plastic sandy silt
° . 15% clay, 50% silt, 35% fine sand
'}E 0.76
5 . Cc=0.027
= 0.75
e (Cs=0.002
0.74 —
073~
01 0 10 100 100 © e Lunne etal. (1997) criteria
Vertical effective stress, o' (kPa)
CRS oedometric test on a retrieved specimen . ve r.y g 00 d to eXC@
Scan of 1 m long core retreived on sandy silt NIVERSIAT PO TECIER
@ DE CATALUNYA
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PO T JEOOT (3 2 bt rasa 8 D 280 e 3_SH 2 3y g

Doty i smaeniples ]

01—

0.z —

04 —

=
in
|

0E —

0.E —

0.s

} {j}; COMMENTS

Remou'ded.
Anond testng.

Ok for testing.

Remaouldsd.
Awnid testing.

CROSS SECTIONS

53

£ Ea

57 £ £

o r—m
Muelle Port Laboratory Testing 200713151 313
X-Ray Images of Samples ='".;r boor ee.z
Location: EHn2 -

Sample Mo SHE
Borehole Depth: 3500 - 35.60 m A NGI
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PENETRACION ESTATICA: CPT
PIEZOCONO: CPTU
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en Proyectos Marinos
Marcelo Devincenzi

e Hinca estatica (a presion) de un
cono a velocidad constante de 20
mm/s

)

— Qc resistencia por punta

— fs resistencia por fuste
— u presion intersticial > CPTU

- Aplicacion: suelos

- Suelos blandos, 6ptimo

. Suelos densos/firmes: 20t
reaccion (equipos pesados)

« Gravas o roca: No!!
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Marcelo Devincenzi

— |

‘ 13cm ’_I

Conos mecanicos: lecturas cada 20cm Electronicos: cada 1 cm
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f, = slesve
friction
porous
Tilter
element
made of
el A plastic,
— cerarmic, or
sl
q. = measured q,= comected  (behind the tip) porewater metal
tip stress tip stress pressure
10-cm® Friction-Type 10-cm® Standard 1_l'.|-1:m2 Type 1 15-cm® Type 2
Cone Penctrometer Piezocone Piezocone Piezocone Pencirometer
Mayne, 2001
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E u I O =r e = : en Proyectos Marinos
e Marcelo Devincenzi
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PIEZOCONOS, INTERPRETACION
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CPT/CPTU
PRINCIPIOS DE INTERPRETACION
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Parametros primariessesecundarios;

Lecturas corregidas
qT = qc + U (1'3)

O fe U | s O, fr, U
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uh, u [kp/cnt] FRY = fr/ge* 100 Ba = (u-uo)/(qr-ovo) 0,00
0 5 10 15 0 5 0 00 02 o4 0

15 ‘ ‘ =200
-16 qT ‘ —fs [
VT T T T 1 uh | —— FR%|—
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P
Valores tipicos—=aas
__-____-ﬁ Marcelo Devincenzi

Arcillas <
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100 £ T T T T T T 3 100 £ T T T 3
| — 9 — — —
g ks L B :
al 612 u, ||} PR [l
= [ " 2 . E _
g E T 0 Oy = =
(=] = — o .
O B 4l © ]
2 = ]l m
= = 3
i = ik 1k
7] = @® =
‘B - ] -
¥ = @ C
o B o= B
n L 9 .
0,1 0,1 '
02 0 02 04 DB 10 12 14 0 1 2 3 4 5 & 7 5
FParametro presion poro Bq Ratio de friccion (%)
Zona Comportamiento terreno
1. Sensitivo grano fino 5. Limo arcilloso a arcilla limosa 9. Arena
2 Material organico 5. Limo arcilloso a limo arenoso 10.  Arena a arena con grava
3. Arcilla T Limo arenoso a arena limosa 1. Grano fino muy rigido
4. Arcilla limosa a arcilla 8. Arena a arena limosa 12. Arena a arena arcillosa

Robertson, 1986
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Borehole Stratigraphic sequence CPTU profiles
- - 5 in 15 A S R T 1)
i} [LEL] ] e e =
L el -
....... |..,--.1'«~\~ g_ ulrl — By, |_HEI—_—7_5_
5100 B T -- -£00 L ——
SUEH F 6 / _;”:lﬂ.m] L et L §|
/ i e =
=g r"’ S i | I-lf _'= — SN S
1500 e // / 500 1 L |
e _H_r,,.-""r .f'K i B %:.r
0 020 — LB PSS == f
> e E§ =
250 s, y 25,00 gj‘ ! %
- N y— = L
= 3000 '*q_u 1K} _..'/ _/'/ = 300 == E
'E. 500 3500 -g" 35.00 £
: 2 :
= A i AK} — -40.00 = =
45 1) 4500 ] 45,00 ==
e
ZSHE MY S0.00 50.00 - : —-j
500 o 3500 ] 5500 1 : E: ;
A e -::.“":' 1 JI__,_
Gl == <E _#l\ -BILON0 3 %.'
-b%.00 - Sl SRid J }
— L] 30 Ly 130 200 250 3000 X 4 & & 10l 03050 7 4 i ]
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4573200 45}5;00 4573600 4573800 4574000 4574200
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Peak Volues Remoulded Values
Undrained Shear Strength, s, (kPa) Undrained Shear Strength, s, (kPa)
&0

o fa = st Rem)

@ Fleld Vane

|
el | T T
. i [ P
I I

2 -20- f(OCR, Sty
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RELATIVE DENSITY OF NC SILICEOUS SANDS

C,=17.68; C.=0.50; C,=3.10; R*=0.89

(*) q, corrected for CC size effect

Jamiolkowski et al., 2003
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A" [ penetration I B .

I
Values (Au =0 %) :

s Ty e o s iy d

e u, (shoulder)

o5l N/ |us (midface)

L TS A S . _ " Swgen M |
0.4 ! L 3 ; Hydrostatic at
i : . ! ' Z=15.2 m depth
; H | [
0.3 -_---:--lf : — i~ rrerersrery
1 :Au=50% ! !
3 I A—— | — — . SR

: am EEEEEEEEEESEN IIIIIIIIIIIIIIII+IIIIIIIIII-IIII+IIIIII

01 3 AU=100%____

Porewater Pressures, u (MPa)

|
Tm—m—mmmm————— qmmmmm e m = Fm—m——mmmmmm—————
|
|
I

i t;, = 450 seconds

1 10 100 1000 10000
Time (sec)

Paul Mayne, 2002
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: £ - _'L' _— _' :
Permeabilidac e
= n —td Marcelo Devincenzi

1.E-01 . . .
E Sand and i i :
I Gravel ! !
1.E-02 4 i N S S S 5 sue

1-E'03 _§ ————————————————————— J:‘ ————————— ué—

_Silty Sand
to Sandy Silt

TV 8 S—

(= SE— (I B | SE—

1.E-06 -

1.E-07 _;____ Parez & Fﬂﬂf'fﬂf (1983}

Hydraulic Conductivity, k (cm/s)

| 1
| |
| |
| |
] 1

1.E-08 t——emr S SR | S
0.1 1 10 100 1000 10000
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Interpretacion: Respuast
g - Marcelo Devincenzi

Historia Tensional (OCR,
Ono!!)

Resultado
EG/S

Resistencia = INTERACCION I

= 3 respuestas independientes
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Muchas gracias por vuestra
atencion...

marcelo@igeotest.com
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