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PAVEMENT MATERIALS 



COURSE HEADS

• SUBGRADE

• NATURAL

• STABILIZED

• SUBBASE

• BASE COURSE

• UNBOUND

• BOUND

• SURFACE COURSES



SEQUENCE

• SUBGRADE

• MATERIAL CLASSIFICATION/IDENTIFICATION 

• INVESTIGATION

• MATERIAL EVALUATION

• MATERIAL SELECTION

• CONSTRUCTION OF SUBGRADE

• QA/QC

• POST CONSTRUCTION INVESTIGATION



SUBGRADE INVESTIGATIONS

• SOIL INVESTIGATIONS ?

• A COMPLETE PICTURE OF SUBSURFACE CONDITIONS
• AS FAR AS POSSIBLE

• SUBSURFACE CONDITIONS

• SOIL/ROCK STRATA (TYPE, LAYERS, THICKNESS, EXTENT)
• TO DEPTH OF SIGNIFICANCE

• HYDROLOGICAL CONDITIONS

• ENGINEERING PROPERTIES 
• STRENGTH, DENSITY, MOISTURE, COMPRESSIBILITY, STABILITY (FROST, EXPANSION), 

PERMEABILITY, CAPILLARITY



FIELD EVALUATIONS

• METHODS OF EXPLORATIONS

• EXCAVATIONS

• DRILLING

• TEST PITS

• SAMPLING

• GEOPHYSICAL TESTING

• SURFACE SEISMIC

• ELECTRICAL RESISTIVITY

• (DRILLING, SAMPLING, TESTING) (VIDEOS) 

Ref. to Geotechnical Site Investigation and 

Instrumentation 

(Previous Course)



GEOPHYSICAL TESTING
BRIEF INTRODUCTION



WHAT ?

• GEOPHYSICAL EXPLORATION CONSISTS OF 

MAKING INDIRECT MEASUREMENTS 

• FROM THE EARTH’S SURFACE OR IN 

BOREHOLE 

• TO OBTAIN SUBSURFACE INFORMATION.



WHY ?

• REQUIREMENT OF GEOTECHNICAL INVESTIGATIONS

• GROUPING OF THE SUBSURFACE STRATA WITH SIMILAR GEOTECHNICAL 

PROPERTIES

• STRENGTH

• STIFFNESS

• GEOPHYSICAL EXPLORATION HELPS IN

• RAPID LOCATION AND CORRELATION OF GEOLOGICAL FEATURES 

• STRATIGRAPHY

• LITHOLOGY

• DISCONTINUITIES

• GROUND WATER

• IN-SITU MEASUREMENT OF

• MODULLI AND DENSITIES



HOW ?

• GENERAL TECHNIQUES

• SEISMIC

• ELECTRICAL

• SONIC

• MAGNETIC

• RADAR

• GRAVITY



SEISMIC TECHNIQUES

• PRINCIPLE

• DIFFERENCE IN STIFFNESS OF DIFFERENT SOIL/ROCK LAYERS

• PROCEDURE

• AN ELASTIC WAVE IS GENERATED IN THE GROUND 

• BY IMPACTIVE FORCE (FALLING WEIGHT OR HAMMER BLOW)

• EXPLOSIVE CHARGE

• RESULTING GROUND MOTION IS MEASURED USING VIBRATION 

DETECTORS (GEOPHONES)

• TIME ELAPSED WILL HELP TO EVALUATE DIFFERENT WAVE VELOCITIES IN 

DIFFERENT LAYERS 



SEISMIC TECHNIQUES

• WAVE TYPES

• LONGITUDINAL WAVES (P WAVES)

• TRANSVERSE OR SHEAR WAVES (S WAVES)

• RAYLEIGH WAVES

• LOVE WAVES
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SEISMIC TECHNIQUES

• METHODS

• REFRACTION

• REFLECTION

• CROSS-HOLE

• DOWN-HOLE



Seismic Refraction

Vertical Geophones
Source
(Plate)

Rock: Vp2

ASTM D 5777

Soil: Vp1

oscilloscope

x1
x2
x3
x4

t1
t2
t3

t4

Note:  Vp1 < Vp2

zR

Determine depth
to rock layer, zR



REFRACTION AND REFLECTION

Refracted Wave

Reflected Wave



SEISMIC REFRACTION
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where Xc is the critical distance.



Crosshole TestingOscilloscope

PVC-cased 
Borehole

PVC-cased 
Borehole

Downhole
Hammer
(Source) Velocity 

Transducer
(Geophone
Receiver)

t

x

Shear Wave Velocity:

Vs =  x/t

Test

Depth

ASTM D 4428

Pump

packer

Note: Verticality of casing

must be established by 

slope inclinometers to correct

distances x with depth.

Slope

Inclinometer
Slope

Inclinometer



DOWNHOLE 
TESTING

Oscilloscope

Cased 
Borehole

Test

Depth

Interval

Horizontal
Velocity 

Transducers
(Geophone
Receivers)

packer

Pump
Horizontal Plank

with normal load

Shear Wave Velocity:
Vs = R/t

z1
z2

t

R1
2 = z1

2 + x2

R2
2 = z2

2 + x2

x

Hammer



APPLICATIONS



APPLICATIONS



APPLICATIONS



LIMITATION
• IN CASE OF SATURATED MEDIA ?

• WAVES WILL PASS THROUGH WATER (1500 M/S) AND NOT 

THROUGH THE SOIL STRUCTURE 



ELECTRICAL TECHNIQUES

• PRINCIPLE

• DIFFERENCE IN ELECTRICAL RESISTIVITY OF DIFFERENT SOIL/ROCK LAYERS

• PROCEDURE

• AN ELECTRICAL CURRENT IS MADE TO FLOW THROUGH THE GROUND 

UNDER AN ELECTRICAL POTENTIAL

• RESULTING APPARENT RESISTIVITY OF THE GROUND IS MEASURED. 



THEORY OF MEASUREMENTS



APPARENT RESISTIVITY



DIFFERENT CONFIGURATIONS



DIFFERENT MODELS



2-D MODELS



2-D MODELS



3-D MODEL



APPLICATIONS



APPLICATIONS





























Thank You…


