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  Figure 2.  Selection of available in-situ geotechnical tests for determination of soil parameters 

 
 
 
 An integrated approach should be adopted for studying the ground whereby non-destructive 
geophysics are used first to guide the selection of expedient probe sounding locations, which in 
turn would aid in the choice & direction of the more expensive & laborious soil test borings to 
provide undisturbed samples for controlled laboratory testing by triaxial, simple shear, consoli-
dation, and/or resonant column devices. A versatile and well-calibrated constitutive soil model 
would link these aspects together in a rational and consistent framework. A full discussion on 
the basic laboratory, field, & geophysical methods and their procedures is beyond the scope of 
this paper but may be found elsewhere (e.g., Mayne, Christopher, & DeJong, 2002).   
 A large number of in-situ devices and field tests are available to delineate the geostratigraphy 
and determine specific engineering parameters in the ground. As depicted by selected tests in 
Figure 2, these are quite numerous and include: standard penetration, cone penetration, dila-
tometers, pressuremeters, vanes, flat and stepped blades, hydro-fracture, borehole shear, tor-
sional probes, and many other innovative designs. Robertson (1986) provides a detailed over-
view on many of the standardized and specialized devices that are primarily penetration type 
and/or direct-insertion type devices for testing the ground. Woods (1978) and Campanella 
(1994) give a review of applicable geophysical tests for determining mechanical wave proper-
ties. Wroth (1984, 1988), Jamiolkowski et al. (1985), and Lunne et al. (1994) provide  summary 
papers concerning the use & interpretation of the more common standardized tests and recent 
updates have been made by Yu (2004), Mayne (2005), and Schnaid (2005). An optimization of 
site-specific site investigation is achieved with seismic piezocone testing (Campanella et al. 
1986) together with intermittent dissipation testing (SCPTù), since five independent readings are 
obtained with depth in the same sounding (Mayne & Campanella 2005): qt, fs, ub, t50, and Vs. A 
similar procedure can be provided by the seismic dilatometer test (Mlynarek et al. 2006) with A-
reading dissipations (SDMTà) to obtain:  p0, p1, p2, tflex, and Vs.   
 
1.3  Conventional Approach for Clays 
 
 In the conventional and classical methods of interpretation, the results of in-situ tests are com-
monly divided into two categories: (a) clays, whereby the undrained shear strength (su) is as-
sessed; and (b) sands, whereby the relative density (DR) and/or effective friction angle (φ’) is 
evaluated. Yet, within the framework of critical state soil mechanics (CSSM), all soils in fact are 
frictional materials and their strength envelope can be best represented by their effective stress 
friction angle (φ’). For most soils, it can be taken that the effective cohesion intercept cφ φ 0 
(unless true cementing or bonding is present). As these geologic materials are quite old and have 
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• PLT: Plate Load Test

• Ensayos geofísicos
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Ensayo SPT

Se mide la resistencia a la penetración del terreno mediante la 

hinca dinámica de un sacamuestras normalizado 

• Se hinca 45 cm en el fondo de una perforación mediante una 

maza de 63.5 kg que cae desde 76 cm de altura

• Se cuenta el número de golpes para que entre los últimos 30 cm

• Se recupera una muestra (si el terreno lo permite, en general si)

3

https://www.youtube.com/watch?v=jo64QIE4hr4
https://www.youtube.com/watch?v=3WEFw5K1tF8
https://www.youtube.com/watch?v=JVrciNqoGAQ

https://www.youtube.com/watch?v=jo64QIE4hr4
https://www.youtube.com/watch?v=3WEFw5K1tF8
https://www.youtube.com/watch?v=JVrciNqoGAQ
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Resultado del ensayo SPT (la perforación 

es una sola, que no confunda el dibujo)
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Resultado del ensayo SPT

Hay dos resultados posibles

• 𝑁𝑆𝑃𝑇: Un número entero adimensional 

igual a la cantidad de golpes necesarios 

para que el sacamuestras penetre en el 

terreno los últimos 30 cm

• Rechazo: más de 50 golpes para 15 cm, 

más de 100 golpes o 10 golpes 

sin ningún avance

– Se informa como NN/pp, donde 

pp es la penetración total en 

centímetros para NN golpes
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Correcciones a la medición de campo

𝑁𝑆𝑃𝑇 es el número medido en el terreno

Se corrige por

• Energía aplicada

• Profundidad

• Napa de agua 

• Diámetro de perforación

• Peso de barras

• …
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Corrección por energía aplicada: 

𝑁𝑆𝑃𝑇 a 𝑁60

La energía potencial nominal (W x H) es 475 J

La energía realmente aplicada ER

varía entre el 30% y el 100% de 

ese valor en función del equipo 

y la técnica de ensayo

Se normaliza N para una

eficiencia del 60%
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𝑁60 = 𝑁𝑆𝑃𝑇 ∙
𝐸𝑅

60% ∙ 475J

𝐸𝑅~90% ∙ 475J (Leoni 2008)



Corrección por nivel de tensiones: 

𝑁60 a 𝑁1 60

Para un suelo uniforme, la 

resistencia a la penetración 

varía con la presión efectiva 

(profundidad)

• El 𝑁1 significa 1atm=100kPa
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(EPRI 1990)

𝑁1 60 = 𝑁𝑆𝑃𝑇 ∙
𝐸𝑅

60% ∙ 475J
∙ 𝐶𝑁

𝐶𝑁 =
100kPa

𝜎𝑣0
′
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Corrección por otros factores de ensayo

𝑁1 60 = 𝑁 ∙
𝐸𝑅

60% ∙ 475J
𝐶𝑁 ∙ 𝐶𝐵 ∙ 𝐶𝑆 ∙ 𝐶𝑅

9



SPT y correlaciones de parámetros

El SPT es un ensayo que tiene muchas correlaciones

• Es importante saber cómo se calculó 𝑁 en cada caso

– Algunos informan el número de campo: 𝑁𝑆𝑃𝑇

– Otros efectúan todas las correcciones excepto la de nivel de 

tensiones: 𝑁60

– Otros efectúan todas las correcciones: 𝑁1 60

Las correlaciones publicadas en diferentes épocas 

usan diferentes definiciones de SPT

Las correlaciones deben ser usadas con responsabilidad y 

tienen DISPERSIÓN (nube de puntos)
10
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Arenas: estimación de 𝐷𝑟

En estos gráficos hay que usar 𝑁60, no 𝑁1 60

(EPRI 1990)
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Arenas: estimación de 𝜙max

• Procedimiento 1

– Estimación directa: 

𝜙𝑚á𝑥 ≅ atan
𝑁60

12+20
𝜎𝑣

𝑝𝑎𝑡𝑚

0.34
 

• Procedimiento 2

– Se estima 𝐷𝑟 con SPT

– Se estima 𝜙max con 𝐷𝑟 y 

observando la muestra

12

(EPRI 1990)

(𝜙𝑡𝑐 = 𝜙𝑚á𝑥 )
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Arenas: estimación de 𝜙max

• Procedimiento 3 (recomendado)

– Se estima 𝐷𝑟 a partir del resultado de SPT

– Se observa la muestra y se estima 𝜙𝑐𝑣 (estado crítico)

– Se aplica la ecuación de Bolton: 𝜙max[𝑝, 𝐷𝑟]

13

𝝓𝒎á𝒙 − 𝝓𝒄𝒗 = 𝟑º 𝑫𝒓 𝑸 − 𝐥𝐧
𝟏𝟎𝟎 𝒑

𝒑𝒂𝒕𝒎
− 𝟑º

(Bolton 1986)
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Arenas: estimación de 𝜙max

Procedimiento 3

36°

14

𝝓𝒄𝒗
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Arcillas: Estimación de 𝑠𝑢

0.75

3.0

1.5

La correlación

𝑠𝑢 – (𝑁1)60  es débil

(EPRI 1990)

𝑠𝑢

𝑝𝑎𝑡𝑚
=

0.57
0.29
0.14

𝑁1 60
0.72

15

𝑠𝑢 ≅ 7 𝑁1 60 kPa
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N

DR = relative density

T = unit weight

LI = liquefaction index

' = friction angle

c' = cohesion intercept

eo = void ratio

qa = bearing capacity

p' = preconsolidation
Vs = shear wave

E' = Young's modulus

 = dilatancy angle

qb = pile end bearing

fs = pile skin friction

SAND

cu = undrained strength

T = unit weight

IR = rigidity index

' = friction angle

OCR = overconsolidation

K0 = lateral stress state

eo = void ratio

Vs = shear wave

E' = Young's modulus

Cc = compression index

qb = pile end bearing

fs = pile skin friction

k = permeability

qa = bearing stress
CLAY

Mayne: Is One Number Enough???

(Mayne 2001)
16
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Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos
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Descripción del ensayo CPTu

Se mide cada 2cm de avance y mediante la hinca estática de un 

cilindro instrumentado con punta cónica los siguientes parámetros:

• Punta (𝑞𝑡)

• Fricción (𝑓𝑠)

• Presión de poros (𝑢)

18

https://www.youtube.com/watch?v=Cvu9iBSnQYo
https://www.youtube.com/watch?v=4SKjkOqaMk8
https://www.youtube.com/watch?v=WBeHGnA4-VU

https://www.youtube.com/watch?v=Cvu9iBSnQYo
https://www.youtube.com/watch?v=4SKjkOqaMk8
https://www.youtube.com/watch?v=WBeHGnA4-VU


Descripción del ensayo CPTu
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(FHWA)



𝒒𝒄

𝒇𝒔

Definiciones

• 𝑞𝑡 = 𝑞𝑐 + 1 − 𝑎 𝑢𝑏𝑡

• 𝑞𝑛 = 𝑞𝑡 − 𝜎𝑣

• 𝑄𝑡 = 𝑞𝑛/𝜎𝑣
′ (hay otras versiones)

• 𝑓𝑡 = 𝑓𝑠 +
𝑢𝑠𝐴𝑠2−𝑢𝑏𝑡𝐴𝑠1

𝐴𝑠

• 𝐹𝑟 = 𝑓𝑠/𝑞𝑛

• 𝐵𝑞 = 𝑢𝑏𝑡 − 𝑢0 /𝑞𝑛 = ∆𝑢/𝑞𝑛

• 𝑢0: ensayos de disipación o 

piezómetros (no asuma 

distribución hidrostática)

• 𝐼𝑐 = 3.47 − 𝑙𝑜𝑔(𝑄𝑡𝑛) 2 + log 𝐹𝑛 + 1.22 2 0.5
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𝑢2 = 𝑢𝑏𝑡
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S-CPT: CPT más velocidad de onda de 

corte VS (ensayo geofísico)

(FHWA)

21

Caracteriza la 

estructura del 

suelo
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Un resultado típico (S-CPTu)

Sand

Clay

Crust

(FHWA)
22

El perfil geotécnico puede ser 

desconocido al momento de 

hacer el ensayo !!

𝑞𝑡 𝑓𝑠 𝑢2 𝑉𝑆



Identificación de suelos con CPTu
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(EPRI 1990)SBT (Soil Behavior Type)



Estimación de comportamiento 

probable (“clasificación por 

comportamiento”)

SBT modificado

• CCS: Clay-like –

Contractive – Sensitive

• CC: Clay-like – Contractive

• CD: Clay-like – Dilative

• TC: Transitional – Contractive

• TD: Transitional – Dilative

• SC: Sand-like – Contractive

• SD: Sand-like – Dilative

Con velocidad de propagación de onda de corte (𝑉𝑠 → 𝐺0) se 

puede estimar el grado de estructuración del depósito
24
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Robertson (2010, 2016)



Identificación de suelos con CPTu
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𝑞𝑡 𝑓𝑠 𝑢2𝐹𝑟



(EPRI 1990)

Estimación de resistencia al corte 

no drenado y sensitividad con CPTu

𝒔𝒖,𝒎𝒂𝒙 ≅ 𝒒𝒕 − 𝝈𝒗 /𝑵𝒌𝒕

• s/Cam-Clay: 𝑁𝑘𝑡 ≅ 2.44 + 1.33 ln 𝐸/𝑠𝑢

• Rango experimental 𝑁𝑘𝑡 = 12|𝟏𝟒|16

𝑠𝑢,𝑟 se estima con: 

• Sensitividad (𝑆)

• Fricción lateral del cono (𝑓𝑠)

• 𝑺 = 𝒔𝒖,𝒎𝒂𝒙/𝒔𝒖,𝒓 ≅ 𝒒𝒕 − 𝝈𝒗 /𝑵𝒌𝒕 ∙ 𝟏/𝒇𝒔

Conviene calibrar los resultados contra 

VST, ensayos triaxiales o corte simple
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𝐸/𝑠𝑢 400 600 800
𝑁𝑘 10.4 11.0 11.3



Calibración con otros penetrómetros
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(DeJong 2011)
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Ensayos de disipación con CPTu (evaluar 

tiempos de consolidación)

(Mayne 2003)28



Ensayos de disipación con CPTu

Disipación de presiones de poro 

durante pausa en la penetración

• Permeabilidad horizontal

• Piezométrica estacionaria 

• Condiciones de drenaje 

durante la penetración

𝑐ℎ
𝑚2

𝑠𝑒𝑐
≅ 1.67 10−6 ∙ 10

1−log
𝑡50

1 𝑚𝑖𝑛  

• La penetración es no drenada si: 

𝑉 =
𝑣∙ 𝑑𝑐

𝑐ℎ
> 10 
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29 (Robertson 1992, 2010)

(Teh 1991)

(Finnie & Randolph 1994, DeJong & Randolph 2010)



Análisis estadístico de resistencia al

corte no drenado

Resistencia máxima Resistencia redisual
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30

Do

mi

nio

𝒔𝒖/𝝈𝒗
′ valor medio (𝝁) | desvío std. (𝝈)

Resistencia máxima Residual – Sensitividad Residual – Fricción lateral

Zona 1 Zona 2 Zona 3 Zona 1 Zona 2 Zona 3 Zona 1 Zona 2 Zona 3

1 0.37 0.06 0.58 0.15 0.63 0.18 0.11 0.03 0.17 0.05 0.19 0.07 0.12 0.09 0.19 0.05 0.12 0.11

2 0.34 0.06 0.57 0.08 0.57 0.20 0.11 0.04 0.17 0.04 0.19 0.05 0.09 0.07 0.15 0.07 0.18 0.17

3 0.37 0.12 0.60 0.15 0.62 0.14 0.10 0.03 0.17 0.04 0.17 0.08 0.04 0.03 0.17 0.10 0.16 0.14

Ejemplo



Reducción de ruido de resultados de

CPTu (en relaves)

Datos de CPTu tienen 

ruido (un dato c/ 2cm)

• Planche datos 

• “lupa”: altura del cono

• “lupa”: tamaño del 

elemento

31
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Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos
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Presurímetro Menard

Es un ensayo standard en Francia 

(norma DTU 13.2)

• Mide rigidez y resistencia in situ

inflando una sonda cilíndrica que 

se expande en forma radial

33

https://www.youtube.com/watch?v=TScwup1pJCo
https://www.youtube.com/watch?v=lUeqLDj6u-k

PMT

0
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II

Sonda cilíndrica Sonda + tablero control + presurizador

https://www.youtube.com/watch?v=TScwup1pJCo
https://www.youtube.com/watch?v=lUeqLDj6u-k
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Presurímetro Menard

34



Parámetros que se miden

• Presión de contacto (𝑝0)

• Presión de fluencia (𝑝𝑓)

• Presión límite (𝑝𝑙)

– Δ𝑉 = 𝑉0

Desventaja del ensayo:

La sonda no queda

bien fijada a las 

paredes de la 

perforación

35
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(FHWA)



Presurímetro autoperforante

Presurímetro que perfora

su propio orificio:

• No hay relajación de las

paredes de la perforación

• Permite medir la rigidez

inicial con mayor precisión

• Permite medir 𝐾0 =
𝜎´ℎ0

𝜎´𝑣0

36

E
n

s
a

y
o

s
 i
n

 s
it
u



E
n

s
a

y
o

s
 i
n

 s
it
u

Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos
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Ensayo de veleta VST

• Determinación directa in situ de 

resistencia al corte no drenada 

(𝑠𝑢) y sensitividad (𝑆) 

• Apto en suelos blandos o 

medios, no apto en suelos 

duros o granulares

• Puede practicarse en 

coincidencia con perforaciones 

hechas para otros trabajos

• Un buen torquímetro, 

fundamental
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Diferentes juegos de veletas

Mini VST (laboratorio)



Ensayo de veleta VST

Secuencia del ensayo (resistencia a torsión de veleta)

𝑠𝑢 =
2𝑇

𝜋𝑑3(ℎ/𝑑+1/3)
 

𝑆 =
𝑇𝑚𝑎𝑥

𝑇𝑟

39
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(Mayne 2011)

𝑇 = 𝑡𝑜𝑟𝑞𝑢𝑒



Ensayo de veleta VST

• Ensayo “a deformación controlada” (3 a 12 deg/min)

40
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CUMPLE ? CUMPLE 



Calibración de CPTu con  VST

Ensayos de veleta

• Resist. máxima: 𝑠𝑢,𝑚𝑎𝑥

• Se comprueba no drenado 

girando a dif. velocidades

• Resist. residual: 𝑠𝑢,𝑟

con 5 y 10 giros

• Sensitividad: 𝑆 = 𝑠𝑢/𝑠𝑢,𝑟

CPTu

• Veleta permite elegir 𝑁𝑘𝑡

• 𝑠𝑢,𝑚𝑎𝑥 ≅ 𝑞𝑡 − 𝜎𝑣 /𝑁𝑘𝑡

• 𝑠𝑢,𝑟 estimada con 𝑆 y 𝑓𝑠
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Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos
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Dilatómetro Marchetti

(Marchetti 2008)
43
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Principio de funcionamiento del DMT

(Marchetti 2008)
44



DMT: Puede estimar OCR
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(Taranto 1987)
45

NC: 𝐾𝑑~2.0

OC: 𝐾𝑑 > 2.0
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Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos

46
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Ensayo de carga en placa 

(PLT)

Mide el coeficiente de reacción

de la subrasante

𝑘𝑠 =
𝑃

𝛿

• Teoría de la elasticidad: 𝑘𝑠 ∝
𝐸

𝐵
 

• Puede aproximarse como 

𝑘𝑠~1.35
𝐸

𝐵

2

3
+

1

3

𝐵

𝐿

Permite estimar un valor medio

del módulo de Young 𝐸
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(Sfriso 2006)
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Ensayo de carga en placa: un resultado

(Sfriso 2006)48
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Índice

• SPT: Standard Penetration Test

• CPT: Cone Penetration Test

• PMT: Pressuremeter Test

• VST: Vane Shear Test

• DMT: Dilatometer Test

• PLT: Plate Load Test

• Ensayos geofísicos
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Métodos geofísicos
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Método Campo de Fuerza Propiedad Físico o Química

Magnético campo de fuerza magnético permeabilidad magnética ( m )

Gravimétrico campo de fuerza gravífico densidad, gravitrones ( r )

Eléctrico
campos eléctricos natural y 

artificial

potenciales REDOX,  

conductividad eléctrica ( s )

Sísmico
campo atificial creado por las 

ondas símicas densidad ( r ), elasticidad

Radiométrico

radiación radioactiva radioactividad, emisión de 

partículas eléctricas cargadas 

desde el núcleo de átomos de 

materiales radioactivos

Geotérmico
gradiente de temperatura 

terrestre conductividad térmica

Geoquímico

emanación de vapores, 

asenso y descenso de 

soluciones

potenciales REDOX,  

conductividad eléctrica ( s )
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Vadose Zone and Ground Water Contamination at Hazard-

ous Waste Contaminated Sites4

D 6285 Guide for Locating Abandoned Wells4

G 57 Test Method for Field Measurement of Soil Resistivity

Using the Wenner Four-Electrode Method5

3. Terminology

3.1 Definitions—Definitions shall be in accordance with the

terms and symbols given in Terminology D 653. Also see Ref

(1) for specific geophysical terms and definitions.

4. Summary of Guide

4.1 This guide applies to surface geophysical techniques

that are commonly used in site characterization, as well as

forensic and archaeological applications.

4.2 The selection of preferred geophysical methods for a

number of common applications is summarized in Table 1. The

table is followed by brief descriptions of each application.

4.3 A brief description of each geophysical method along

with some of the field considerations and limitations also are

provided.

4.4 It is recommended that personnel consult appropriate

references on each of the methods, applications, and their

interpretations. All geophysical measurements should be car-

ried out by knowledgeable professionals who have experience

and training in theory and application of the method, and the

interpretation of the data resulting from the use of the specific

method.

5. Significance and Use

5.1 This guide applies to commonly used surface geophysi-

cal methods for those applications listed in Table 1. The rating

system used in Table 1 is based upon the ability of each method

to produce results under average field conditions when com-

pared to other methods applied to the same application. An “A”

rating implies a preferred method and a “B” rating implies an

alternate method. There may be a single method or multiple

methods that can be applied with equal success. There may also

be a method or methods that will be successful technically at a

lower cost. The final selection must be made considering site

specific conditions and project objectives; therefore, it is

critical to have an experienced professional make the final

decision as to the method(s) selected.

5.1.1 Benson (2) provides one of the earlier guides to the

application of geophysics to environmental problems.

5.1.2 Ward (3) is a three-volume compendium that deals

with geophysical methods applied to geotechnical and envi-

ronmental problems.

5.1.3 Olhoeft (4) provides an expert system for helping

select geophysical methods to be used at hazardous waste sites.

5.1.4 EPA (5) provides an excellent literature review of the

theory and use of geophysical methods for use at contaminated

sites.

4 Annual Book of ASTM Standards, Vol 04.09.
5 Annual Book of ASTM Standards, Vol 03.02.

TABLE 1 Selection of Geophysical Methods for Common ApplicationsA,B

Geophysical Methods

Applications

Seismic Electrical Electromagnetic

Refraction

(6.1)

Reflection

(6.2)

DC

Resistivity

(6.3)

SP

(6.4)

Frequency

Domain

(6.5)

Time

Domain

(6.6)

VLF (6.7)

Pipe/Cable

Locator

(6.8)

Metal

Detectors

(6.9)

Ground

Penetrating

Radar

(6.10)

Magnetics

(6.11)

Gravity

(6.12)

Natural Geologic and Hydrologic

Conditions

Soil/unconsolidated layers A B A B A B A

Rock layers B A B B B

Depth to bedrock A A B B B B A B

Depth to water table A A B B B B A

Fractures and fault zones B B B A B A B B B

Voids and sinkholes B B B B B A A

Soil and rock properties A A B

Dam and lagoon leakage B A B B

Inorganic Contaminants

Landfill leachate A A A B B

Saltwater intrusion A A A B B

Soil salinity A A

Organic Contaminants

Light, nonaqueous phase liquids B B B B

Dissolved phaseC

Dense, nonaqueous phase

liquidsC

Manmade Buried Objects

Utilities B A B A

Drums and USTs A A A A A

UXO A B A

Abandoned wells B B B A

Landfill and trench boundaries B B A B A

Forensics B A B B A B

Archaeological features B B B A A A B

A“A” implies primary choice of method.
B“B” implies secondary choice or alternate method.
CAlso see natural geologic and hydrologic conditions to characterize contaminant pathways.

D 6429

2

(ASTM D6429 – Tabla 1)



Propagación de 

ondas mecánicas

Energía de cada tipo de onda: 

P = 7%, S = 26%, R = 67%

Deformación elástica (𝛾 < 10−6)

• Ondas de cuerpo 

(medios infinitos) 

– 𝑉𝑠 = 𝐺/𝜌

– 𝑉𝑝 = 𝑉𝑠
2−2𝜈

1−2𝜈

• Ondas de superficie

– 𝑉𝑅 ≅ 0.9𝑉𝑠 

– 𝑉𝐿53
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(Foti 2000)



Sísmica de refracción (ondas P)

Se basa en el tiempo de arribo

de ondas P (las más rápidas)

• Detectar estratos de rigidez 

creciente con profundidad

– Posición

– Inclinación

• Estimar módulo de Young

54
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Sísmica de refracción: interpretación

55 (Zodhy et al, 1974)



Ensayos en perforaciones

Cross-hole y Down-hole

56
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Assumed Path of 

Body Waves

Wire Rope

Cased 

Borehole
Velocity 

Transducer

(Trigger)

Moveable

Lower Weight

Locking Wedge

Air Pressure Line
Orientation Rods

3-D Geophone
Air Packer

Dynamic Signal

Analyzer

Grouting

Cased Borehole

Orientation 

Rod

3-D Geophone

Air Packer

Dynamic Signal

Analyzer

Grouting

Hammer

Inclined 

Hammer 

Blow

Trigger

Channel

Generation of

Body Waves

Concrete

Block

(FHWA)



Ensayos de dispersión (SASW | MASW)
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Geoeléctrica

Mide diferencias de resistividad de 

los sustratos que atraviesa

• Alcanca una profundidad media (~100 m)

• Permite detectar fluidos de diferente

salinidad y horizonte de saturación

58

E
n

s
a

y
o

s
 i
n

 s
it
u



Georradar (GPR)

Se basa en propagación de ondas electromagnéticas

• Detección de oquedades, objetos enterrados

• Detección de armaduras en elementos estructurales

• Perfiles geológico-geotécnicos

• Posición nivel freático

• Fracturas o grietas en macizos
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Características de los equipos GPR 

Los equipos GPR presentan una gran versatilidad, permitiendo de esta manera prospectar sitios profundos 
o no profundos con muy bajar o alta resolución.  Esto dependerá principalmente de las características de 
las antes de transmisión y recepción a utilizar, que funcionan como dipolos eléctricos.  Estas antenas 
generan un pulso de onda EM de aproximadamente 2/8 ó 3/8 de ancho de banda. 

En la Figura 4 se indica la relación existente entre la frecuencia de la antena, la permitividad dieléctrica del 
medio y la longitud de onda EM. 

 
Figura 4. Variación de longitud de onda en función de la frecuencia de antena (f) y permitividad 

dieléctria del medio (e r), en metros. 

En la Figura 5 se muestran diferentes equipos GPR existentes en el mercado. 

   
Figura 5. Equipos GPR. 

En lo referente a la unidad de control, la misma está incorporada al equipo y permite obtener en tiempo 
real la información adquirida, filtrada y procesada.  En la Figura 6 se muestran dos imágenes de salida que 
muestran diferente tipo de información obtenida. 

 
Figura 6. Salidas de equipos GPR.  Gráficas distancia (horizontal) – profundidad (vertical). 

Campos de aplicación y modo de uso 

Los campos de aplicación de la técnica GPR son: 

5.4.1 General Limitations Inherent to Geophysical Meth-
ods:

5.4.1.1 A fundamental limitation of all geophysical methods

lies in the fact that a given set of data cannot always be

associated with a unique set of subsurface conditions. In most

situations, surface geophysical measurements alone cannot

resolve all ambiguities, and some additional information is

required. Because of this inherent limitation in the geophysical

methods, a GPR survey alone can not be considered a complete

assessment of subsurface conditions. Properly integrated with

other sources of knowledge or geophysical methods, GPR can

be a highly effective, accurate, and cost-effective method of

obtaining subsurface information.

5.4.1.2 In addition, all surface geophysical methods are

inherently limited by decreasing resolution with depth.

5.4.2 Limitations Specific to the GPR Method:

5.4.2.1 The GPR method is site specific in its performance

(depth of penetration and resolution), depending upon surface

and subsurface conditions. Radar penetration of more than 30

m has been reported in geologic settings of water saturated

sands (Morey (34); Beres and Haeni (2), Smith and Jol (37),
Wright et al (1)), 300 m in granite, 2000 m in dry salt

(Unterberger (38)), and 5400 m in ice (Wright et al (22)). More

commonly, penetration is on the order of 1 to 10 m. Limitations

are discussed in the following section.

5.4.2.2 Material Properties Contrast—Reflection coeffi-

cients quantify the amplitude of reflected and transmitted

signals at boundaries between materials. Reflection coefficients

depend on the angle of incidence, the polarization of the

incident field, and the EM property contrast. In addition to

having sufficient velocity contrast, the boundary between the

two materials needs to be sharp. For instance, it is more

difficult to see a water table in fine-grained materials than in

coarse-grained materials because of the different relative thick-

nesses of the capillary fringe for the same contrast.

5.4.2.3 Attenuation—Radar signal attenuation is caused by

the effect of electrical conductivity, dielectric and magnetic

relaxation, scattering, and geometric spreading losses (Olhoeft

(33)).

(1) Electr ical Conductivity Losses—Electrically conductive

materials such as many mineralogic clays and free ions in

solution attenuate the radar signal by converting EM energy to

thermal energy (Olhoeft 33)).

(2) Dielectr ic Relaxation Losses—Radar signals can also

be attenuated by dielectric relaxation losses due to the rota-

tional polarization of the liquid water molecule and chemical

charge transfer processes on the surface of clay minerals.

Attenuation due to dielectric relaxation losses arises from the

conversion of EM energy to thermal energy (Olhoeft (33)).

(3) Geometr ic Scatter ing Losses—Scattering may be a

dominant factor in signal attenuation when inhomogeneities in

materials with grain sizes in the order of a radar wavelength

(Table 2) are present (Olhoeft (33)).

5.4.2.4 Polar ization—The type and alignment of polariza-

tion of the vector electromagnetic fields may be important in

receiving responses from various scatterers. Two linear, paral-

lel polarized, electric field antennas can maximize the response

from linear scatters like pipes when the electric field (typically

long axis of the dipole antenna) is aligned parallel with the pipe

and towed perpendicular across the pipe. Similarly, alignment

with the rebar in concrete will maximize the ability to map the

rebar, but alignment perpendicular to the rebar will minimize

scattering reflections from the rebar to see through or past the

rebar to get the thickness of concrete. Similar arrangement may

be made for overhead wires and nearby fences. Cross-polarized

antennas (perpendicular to each other) minimize the response

from horizontal layers.

5.4.3 Interferences Caused by Ambient, Geologic, and Cul-
tural Conditions:

5.4.3.1 Measurements obtained by the GPR method may

contain unwanted signals (noise) caused by geologic and

cultural factors.

5.4.3.2 Ambient and Geologic Sources of Noise—Boulders,

animal burrows, tree roots, or other inhomogeneities can cause

unwanted reflections or scattering of the radar waves. Lateral

and vertical variations in EM properties can also be a source of

noise.

5.4.3.3 Cultural Sources of Noise—Aboveground cultural

sources of noise include reflections from nearby vehicles,

buildings, fences, power lines, lampposts, and trees. In cases

where this kind of interference is present in the data, a shielded

antenna may be used to reduce the noise.

(1) Scrap metal at or near the surface can cause interference

or ringing in the radar data. The presence of buried structures

such as foundations, reinforcement bars (rebar), cables, pipes,

tanks, drums, and tunnels under or near the survey line may

also cause unwanted reflections (clutter).

(2) In some cases, EM transmissions from nearby cellular

telephones, two-way radios, television, and radio and micro-

wave transmitters may induce noise on the radar record.

(3) Other Sources of Noise—Other sources of noise can be

caused by the EM coupling of the antenna with the earth and

decoupling of the antenna to the ground due to rough terrain,

heavy vegetation, water on the ground surface, or other

changes in surface conditions.

5.4.3.4 Summary—All possible sources of noise present

during a survey should be noted so that their effects can be

considered when processing and interpreting the data.

5.4.4 Alternate Methods—The limitations previously dis-

cussed may prohibit the effective use of the GPR method, and

other methods or non-geophysical methods may be required to

resolve the problem (see Guide D 6429).

6. Procedure

6.1 Qualification of Personnel—The success of a radar

survey, as with most geophysical techniques, is dependent

TABLE 2 Radar Wavelengths (metres) for Various Antenna

Frequencies (f) and Relative Permittivities (er)

er 1 5 10 15 25 80

f

25 MHz 12.0 5.36 3.8 3.08 2.4 1.36

50 MHz 6.0 2.68 1.88 1.56 1.2 0.68

80 MHz 3.76 1.68 1.20 0.96 0.76 0.40

100 MHz 3.0 1.36 0.96 0.76 0.6 0.32

200 MHz 1.52 0.68 0.48 0.40 0.32 0.16

300 MHz 1.0 0.44 0.32 0.24 0.20 0.12

500 MHz 0.6 0.28 0.20 0.16 0.12 0.08

900 MHz 0.32 0.16 0.12 0.08 0.08 0.04

D 6432 – 99
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Resumen

• Saber la metodología de ejecución de cada ensayo

• Saber los recursos asignados ($$$) de cada ensayo

• Saber que parámetros se determinan en cada ensayo

• El uso de correlaciones debe efectuarse con cuidado

• La combinación de varios ensayos mejora la descripción 

general de un perfil geotécnico
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