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SUB-SURFACE INVESTIGATION

Excavation & Boreholes

Test 
Pits/ Trenching Shallow Boring

Hand Augering

Deep Boring

Mechanical 
Augering

Percussion 
Drilling

Wash Boring

Rotary Drilling

Sounding Tests

JKR/ Mackintosh 
Probe

Cone 
Penetration Test

Geophysical Survey

Seismic Resistivity



1) To establish the general nature of the 

strata below at site

2)  To obtain samples for laboratory testing

3)  To allow in situ tests to be carried out



aims to achieve the following objectives :
-To obtain general subsoil profile for estimation of earthwork
-Preliminary or confirmation of layout and formation level
-Preliminary soil parameters and water level/table
-For conceptual designs and preliminary cost and time estimates

usually carry out after optimum layout has been selected and confirmed.
aims to achieve the following objectives :
-Plan for crit ical areas of concern
-Refine subsoil profile
-Obtain necessary soil parameters for detailed design of foundations
-At areas with diff icult ground condit ions (e.g. very soft soils, etc.)
-Major f ill or cut areas that are more crit ical
- Locations with structures (e.g. retaining walls, areas with large loadings, etc.)

Stage 1 : Preliminary S.I.

Stage 2 : Detailed S.I.



BOREHOLE & 
EXCAVATION

DEEP 
BORING

MECHANICAL 
AUGERING

PERCUSSION 
DRILLING

WASH 
BORING

ROTARY 
DRILLING



The auger is held  vertic a lly and  
is d riven into the ground  by 
rota ting its hand le by app lying 
leverage. The auger is p ressed  
down during the p roc ess of 
rota tion. At every 30 c m of 
dep th penetra ted , the auger is 
taken out and  the samples of 
the soils a re c ollec ted  
separa tely for examina tion. 
This method  c an be 
c onveniently used  for soil 
penetra tion up  to 15 m dep th.

MECHANICAL AUGER



This method  c onsists of 
b reaking up  of the sub-stra ta  
by repea ted  b lows from a  b it 
or c hisel. The materia l thus 
pulverized  is c onverted  into 
slurry by pouring water in the 
bore. At interva ls the slurry is 
ba iled  out of the hole and  
d ried  for examina tion. This 
method  c an be adop ted  in 
soil and  roc ks having 
boulders. 

PERCUSSION BORING



Wash boring c onsists of 
simultaneous d rilling  and  
jetting ac tion. A hole is bored  
through a  c asing by using a  
d rilling  b it.
Jetting ac tion is ac c omplished  
by pumping water downward  
through the d rilling  b it to soften 
the soil. Samples taken using 
the wash boring method  a re 
d isturbed  samples.

WASH BORING



ROTARY DRILLING
Rotary d rilling is used  to form a  
deep  observation borehole or for 
ob ta ining  rep resenta tive samples 
of roc k whic h c ould  not be 
rec overed  using  c ab le 
perc ussion. The d rilling  method  
involves a  powered  rota ry 
c utting  head  on the end  of a  
sha ft, whic h is d riven into the 
ground  as it rota tes. The system 
requires lub ric a tion suc h as 
wa ter to make the d rilling  p it 
easy to rota ting  into the ground  
and  keep  it c ool.



OBJECTIVES
vTo determine the sub-surface profile,
vTo obtain SPT N value
vTo obtain the soil & rock samples disturbed, undisturbed samples & rock coring

Advantages Disadvantages

drilled

formations

below  the water-table

40 meters

Requires capital expenditure in 
equipment.

boulders.

maintenance.
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No. Element No. Element

1 Project 19 Depth

2 Client 20 Number of Sample

3 Consultant 21 (SPT Test), Blows/cm

4 Reduced Level (Existing Ground 
Level)

22 Vane Shear Test (VS), 
Undisturbed/Remoulded

5 Borehole Number 23 Rock, %RQD/%TCR

6 Sheet Number 24 Remarks

7 Chainage 25 RQD(%) Calculation

8 Coordinate 26 Legend

9 Logged by 27 Undisturbed Sample (UD)

10 Drilled by 28 Disturbed Sample (D)

11 Starting Date 29 Mazier Sample (MS)

12 Finish Date 30 Core Sample (C)

13 Weather 31 Standard Penetration Test (N)

14 Type Of Drill 32 Pressuremeter Test (PMT)

15 Soil Description 33 Recovery Ratio (R/r)

16 Ground Water Level (G.W.L) 34 Signature (Certif ied by)

17 Graphic Log 35 SPT plot

18 Job No



No. Element No. Element

1
Reduced Level (Existing 
Ground Level)

8 Recovery Ratio (R/r)

2 Borehole Number 9 Rock, %RQD/%TCR

3 Weather 10 Undisturbed Sample (UD)

4 Number of Sample 11 Disturbed Sample (D)

5 Soil Description 12 Mazier Sample (MS)

6 Ground Water Level (G.W.L) 13 Core Sample (C)

7 Depth 14 Standard Penetration Test (N)



Cohesive soil Non cohesive soil

0-2 Very soft 0-4 Very loose

2-4 Soft 4-10 Loose

4-8 Firm 10-30 Medium dense

8-15 Stiff 30-50 Dense

15-30 Very stiff > Very dense

> 30 Hard

SPT N-Value





Graphic Log







Hammer 
63.5Kg

76cm

anvil

vTo determine the SPT N value
vTo provide information on the  geotechnical 

engineering properties of soil.
vTo provide an indication of the relative density of

granular deposits, such as sands and gravels
vThe test procedure is described in the Brit ish 

Standard

Standard Penetration Test (SPT)



Maximum depth of 
penetration is 450mm
The blows will be counted on 
every 75mm until it  reach 
450mm or 50 blows
The blows represent 
hardness of soil.

63.5kg

76cm free 
fall drop

75mm
450mm





Advantages Disadvantages

-Relatively quick and simple
to perform
-Provides a representative
soil sample
-Provides useful index of  
relative strength and  
compressibility of the soil.
-Able to penetrate dense
layers, gravel, and fill

-The SPT does not typically 
provide continuous data 
(e.g. 5 ft. intervals),  
therefore important data
such as weak seams may 
be missed

- Limited applicability to
gravels, cobbles boulders 

- Samples that are obtained
from the SPT are
disturbed





1)     The number of hammer blows is counted. 

2)     The number required to drive the sampler three successive 150mm increments is 
recorded.

3)     The first increment (0-150mm) is not included in the N value as it is assumed that 
the top of the test area has been disturbed by the drilling process. 

4)     The SPT N is the number of blows required to achieve penetration from 150-
450mm.

Seating
Drive

Test
Drive





N    =     50                x   300 mm                      
Penetration Length

Example Calculation





How to Obtain ?

SAMPLE

Disturbed

-Split Spoon

Undisturbed

-Thin Wall
-Mazier

Coring



Disturbed sample is taken when the SPT is carried out.
The sample is used for testing, such as Particle Size 
Distribution, Atterberg Limit, Density Test. 
SPT is known as Standard Penetration Test. The value of 
SPT show the hardness of the soil. SPT reading start 
form 0 50 blows (very soft hard).
These value is obtained from the blows produced by a 
hammer pounding a rod to penetrate the soil layer.
The maximum depth of penetration is 450mm.
The termination of SPT is when it reached maximum 
depth 450mm or 50 blows.



The SPT is taken using split spoon.
The length of split spoon in 450mm.
Inner diameter (35mm), outer 
diameter (50mm)
The sample inside split spoon known 
as disturbed sample.

450mm
75mm

63.5kg

76cm free 
fall drop

Split Spoon

450mm Split Spoon

Disturbed Sample





Undisturbed sample is taken based on 
engineer/site off icer instruction. Usually it is 
taken when the hardness of soil is changing 
from one level to another level.
Type of test for undisturbed sample is  

One-Dimensional Test
Consolidated Undrained Test
Unconsolidated Undrained Test.



There are 2 types of sampling method for 
Undisturbed sample :-

Thin-Wall Tube
Mazier

Thin-Wall Tube
Undisturbed sample is taken using stainless steel casing. 
There are 2 types of casing, U2(1meter length) and 
U3(500cm).
These casing will be push inside the drilling hole using 
hydraulic or pounded with hammer to obtain a sample.
After that, the sample will be sealed to prevent changes of  
soil properties.



These sides will be sealed to 
prevent loss of moisture content

The tube will be pushed 
down to obtain the 
sample.

500mm



Mazier
This technology takes large diameter (101 mm) core samples in 1,2m 

length pieces.

i )    Using triple wall core barrel permits removal of the 
sample as it  is taken from the ground, guaranteed 
the 'in situ condit ion of the core. Thats why these 
samples in addit ion good for large diameter 
geotechical laboratory tests beyond geological 
purposes.

ii)  The third, inner tube made of plastic and 
continuously cover the sample.

iii)  The Wire Line system allows that only the core 
barrel (second and third tubes) have pulled out to 
the surface after 1,2 m core drilling, while the outer 
tube (the f irst) works as a casing.



1.5m

1m Pipe Culvert



Coring is done when SPT encounter the 
rock layer. 
Length of coring is 1.5m. The technique is 
different from disturbed and undisturbed 
sample. It use a different casing.
The casing have its own bit to drill the 
rock.
From the obtained result, the quality of 
the rock can be determine, which is also 
known as RQD.



Coring Bit
Extrusion of Coring Sample 

from Casing

Coring Sample Coring Sample



EXAMPLE CALCULATION



From the RQD index the rock mass can be classified as follows:

RQD Rock massquality

<25% very poor

25-50% poor

50-75% fair

75-90% good

90-100% excellent





Try this

150cm

< 10cmNIL 40cm

< 10cm

28cm15cm10cm

Calculate the RQD  value of this sample?????



Answers

RQD = 28+40+15+10 x 100
150

= 93 x 100
150

=62%, Rock mass quality = fair



SOIL 
INVESTIGATION

SOUNDING 
TESTS

JKR / 
MACKINTOSH 
PROBE TEST

CONE 
PENETRATION 

TEST



vObtaining  rough  characteristics of surface conditions
vPreliminary  tool  to locate weak spots
vCan be used to determine the thickness of unsuitable 

material to be removed and also for preliminary 
design of embankments.
vRecord no. of blows/ ft. then correlate to established 

chart to determine bearing capacity of soil.
vTo check the consistency of the subsoil



28cm

Hammer 5Kg

Rod 1.2m

Cone



WHAT ARE THE DIFFERENT 
BETWEEN JKR PROBE 
ANDMACKINTOSH 

PROBE??



Table compares the JKR and Mackintosh Probes

DIAMETER OF WEIGHT OF HEIGHT OF
ANGLE DIAMETER (mm) ROD (mm) HAMMER (Kg) FALL (cm)

60° 25 12 5 28

30° 25 13 4.5 30MACKINTOSH

PENETROMETER
TYPE OF CONE

JKR

For practical application :
vResults of JKR Probe and Mackintosh Probe can be taken as equivalent.
vJKR Probe created as equivalent to Mackintosh Probe as Mackintosh Probe is

patented in the early days.



Termination criteria
v Blows/ 300mm (maximum 400 blows/ 

300mm) 
v Recommended depth, 15 meters

Precautionary measures 
vFree fall and consistent drop height 
vComponents and apparatus properly washed

and oiled 



vDrop height less than 300mm resulting higher 
Blow counts
vExerting force onto the hammer resulting in Lower 

blow count
vPenetration depth not marked correctly
vWrong counting
vDriving bent rod giving  more blow counts



vUnable to penetrate hard layers and problems may 
arise when these hard layers are underlain by 
softer layers
vUnable to penetrate deeply into medium strength 

material and gravelly ground
vNot suitable to used in stony ground -pointer and 

rods would damaged
vProbing at great depth in the soft soil -wall may 

collapse; side friction on the rod is measured 
together with the resistance - results misleading







PROF. CHIN FUNG KEE
N= 0.091(M) + 1.8
N= SPT
M = MP BLOWS



SOIL 
INVESTIGATION

GEOPHYSICAL 
SURVEY

SEISMIC 
REFRACTION

RESISTIVITY 
SURVEY





Seismic waves are waves of energy that through the earth, for example 
as a result of an earthquake, explosion or some other process that 
impacted ground.
Waves that travel into the ground were ref lected and refracted back to 
surface and in use for living adaptation.

Adaptation usage of 
seismicExploration of 

archaeological 
artifacts

Exploration minerals 
(gold, copper, metal, 

oil, etc)

Groundwater 
exploration

Geotechnical 
engineering purposes

Environmental 

Geological & 
Engineering research 



Three type of seismic wave that travel into ground
1. Direct Wave 
2. Reflected Wave
3. Refracted Wave

� In a seismic refraction study, refraction 
waves are to be use for interpretation.

� Seismic refraction provide clear 
differentiation of rock and soil boundary



1. ACTIVE 

Waves that generated by source (Sledge Hammer, explosive, etc)

2. PASSIVE

Waves that generated from surrounding environment



Survey
To determine and mark location of source and receiver

Source
Generate to released/produced energy(wave)
Examples: Hammer, vibroseis, explosive (dynamite)

Geophones
Detect seismic wave

Seismograph
Record and measure motions of the ground, including 
seismic wave.

Seismic study consist of :



A seismic line consist of a series of 24 geophones with 12 
on either side of geophones channel.

The geophones are laid down about 5m length to each 
others under sub-surface.

Shots will be performed about 7 t imes using 
sledgehammer which are divided into far shots for 2 
t imes, end shots for 2 t imes ,intermediate shots for to 2 
t imes and 1 for middle shot.

Each of geophones will received signal/seismic wave that 
produced by sledgehammer(shot) and its recorded in the 
seismograph.



Far Shot
End Shot

Intermediate 
Shot

Middle 
Shot End Shot

Far ShotIntermediate 
Shot

5 meter

20 meter

Seismograf



Principle of Seismic Survey





Shooter using the sledgehammer



Signal/wave will be produced



and . . .



geophones.











Geophone Geophone
5 meter



What kind of equipment used in a 
seismic survey? 

Seismograf

sledgehammerGeophone





Can detect both lateral and depth variations 
in a physically relevant parameter.
Can produce detail images of structural 
features present in the subsurface.
Can be use to delineate stratigraphic and 
deposit ional features.



Amount of data collected in a survey can rapidly 
become overwhelming.
Data is expensive to acquire and the logistics of data 
acquisit ion are more intense than other geophysical 
methods.
Data reduction and processing can be t ime 
consuming, require sophisticated computer 
hardware, and demand considerable expertise.
Direct detection of common contaminants present 
at levels commonly seen in hazardous waste spills is 
not possible.
A low density layer underneath a high density layer 
could interfere the velocity value detected in a 
seismograph.



SOIL 
INVESTIGATION

GEOPHYSICAL 
SURVEY

SEISMIC 
REFRACTION

RESISTIVITY 
SURVEY





The purpose of resist ivity survey is to
determine the resistance rate underneath
the earth surface.
The soil resistivity is related to numerous
geological parameter such as amount of
liquid and mineral content, porosity and
degree of water saturation in the rock.
This survey have been used for many
decades in hydrogeological, soil
investigation and mining as well.



The measurement of the resistance rate of
subsurface is using the Wenner concept.
Basically, this concept is using 4 electrodes at
the same time to get resistivity value.
The measurement of resistance are normally
made by allowing the current f low through
subsurface. The flowing current is then being
measured. From the current and voltage
value, resistivity can calculated.



C1

P1

C2

P2

Electric Current
Electrodes



FORMULA :

V = IR

Where V = Voltan (V)
I = Current (A)
R = Resistance (Ohm)



1.The electrode embedded about 10cm in soil. 
2.Each of electrode is located 5 meter each 

other and connected through cable to the
selector. The selector is connected to
resistivity meter. 

3.The selector act as controller to these four
electrode, known as C1,P1, P2, C2

4.Current will f low from C1 to C2.
5.The function of electrode P1 & P2 is to determine

the resistance produce by the soil



Ground Level

10 cm embedded in 
soil

5 meter between each 
other.

Resistivity Meter

Selector



Resistance is inversely with current
The lower resistance value, the higher amount of 
current f low through it.
Water is a bad conductor, but, the underground 
water is the best electrical conductor.
This is because the underground water contain 
dissolved minerals. 
These mineral make underground water the best 
conductor.
The lower reading of resistance show that the area is 
saturated.
Meanwhile, a higher reading of resistance means the 
layer is dry and hard.





Contoh Keputusan



EXAMPLE OF 3D RESISTIVITY 
MODELING

Resistivity Survey Lines, 

3D Resistivity Modeling 

Site Photos



Location of resistivity survey lines and boreholes

L1
L2

L3

L4

L5

L6



PHOTOS OF RESISTIVITY SURVEY WORKS



Topography, resistivity lines and groundwater occurrences in 
study area 



3-D resistivity distribution at depth 1 meter from 
ground surface 



3-D resistivity distribution at depth 3 meter from 
ground surface 



3-D resistivity distribution at depth 4 meter from 
ground surface 



3-D resistivity distribution at depth 6 meter from 
ground surface 



3-D resistivity distribution at depth 10 meter from 
ground surface 



Electrode

Electrode

Resistivity Meter

Cable



Non-destructive mappingtechnique
The greatest advantage is it doesn't disturbs the
structure nor the function of the soil.

Temporal monitoring
This approach is advance for monitoring the physical
changesin soil water distribution.

Data acquisition facilities
The improvement of computer controlled multi
electrodes arrays has led to an important development
of electrical imaging.

Large sensitivity of the measurement
The sensitivity of the electrical resistivity measurement
is spread over a wide range depending on the soil
physical properties.





THANK YOU



Setting up the 
borehole equipment 
at the prescribed 
location

Start drilling up to 
1m or 1.5m interval 
using boring drill bit

Change the drill bit 
with the split spoon 
è take SPT è
disturbed sample

Undisturbed sample 
and coring

Repeat the whole 
process for the next 
intervals




