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INTRODUCTION 
 
The main purpose of this lecture is to provide some guidance notes on the site 
investigaiton and piling for common projects to young architects 
 
OBJECTIVES OF SITE INVESTIGATION 
 
- Provide adequate information for site assessment, safe and economical 

designs of temporary and permanent works 

- Choice of site and layout arrangement 

- Provide adequate information for planning and assessment fo the best method 
of construction, foresee construction difficulties and finding ways to mitigate the 
problems that might delay the construction and installation 

- Provide adequate information for assessment of safety 
 
DESK STUDY 
 
o Topographic Maps 

-   examine earthwork, soft ground and slope for site reconnaissance and 
planning of ground investigation 

 
o Geological maps and memoirs 

- for planning of ground investigation; methods of ground invewstigation; 
extent of field and laboratory testing. 

 
o Site Histories 

- old foundations, tunnel, underground services and etc. 
 

o Results of Adjacent and Nearby Ground Investigation 
- for more efficient an economical ground investigation 

 
o Details of Adjacent Structures and Foundations 

- for safety assessment and prevention of foundation failure/settlement of 
adjacent properties due to proposed foundaiton works 

 
o Aerial Photographs 

- indication of geomorphology features, land use, problem areas and layout 
arrangement 

 
- particularly useful for highways and hillslope developments 

 
 
 
 
 
 
 
 



SITE RECONNAISSANCE 
 
o Confirm and obtain additional information of site 
 
o Examine adjacent and nearby development 

- exposed cut 
- cracks and settlements of adjacent buildings 
- predilapidation survey 

 
o Compare the surface features and topography with data obtainable in the 

desk study 
- check presence of fill and cut areas 
- check for exposed services markings 

 
o Locate and study the outcrops, previous slips 

-   stability characteristics 
 
METHODS OF GROUND INVESTIGATION 
 
o Light Dynamic Penetrometer and Hand Auger 
 
o Excavation and Borehole 

- Trial pits 
- Sampling of soil and rock 
- Groundwater monitoring via piezometer 
- SPT 
- Vane shear test 

 
o Static Dutch Cone Penetrometer 
 
o Piezocone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1) Light Dynamic Penetrometer and Hand Auger 
 
 JKR or Mackintosh probe (Preliminary Investigation) 
 

- Hammer weight = 5kg 
- Drop Height = 280mm (JKR Probe) 
- Depth < 12m or 400 blows/300mm 
- Cheap and quick 

 
USE 
 
- Localised Soft Area/ Weak Layer or Spot or Slip Plane 
- Determine Hard Layer or Shallow Bedrock especially Limestone Profile 
- Preliminary Subsoil Information (consistency & Cu) 
- Assist in Interpolation between Boreholes or Piezocones 

 
Limitations 

 
-  Shallow depth (deeper depth in coarse materials give misleading results) 

 
Human errors are high 

 
- varies in drop weight or exerting force, give misleading results 
- wrong counting unless use mechanical counter 

 
Precautions 

 
- drop of hammer should be a free fall and consistent drop height 
- components and apparatus properly washed and oiled 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



HAND AUGER 
 
Usually use together with JKR probe to determine the type of soil and ground water 
 
-   depth ≤ 5m 
 
Limitation 
 
- disturbed sample often get mixed  
- limited use 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Excavation 
 
Use back-hoe excavator for prospecting fill materials or exposing materials at 
shallow depth such as cobbles, boulders, obstruction to test and etc 
 
- depth ≤ 5m 
- allow collection of bulk and block samples 
- allow plate bearing test and JKR probe test inside the pit 
 
Safety Precautions 
 
- stability of sides or slopes 
- barricades if the pit needs to be left overnight for further testing 
- backfill and compact properly after use 
 
Boreholes 
 
Boreholes is sometime called deep boring.  The details of boring, sampling and 
testing are described in BS 5930:1981. 
 

A) Rotary drilling by circulating fluid (water bentonite or air foam) is most 
common method 

 
B) Wash boring utilises the percussive action of a chisel bit to break up 

materials and flush to the surface by water or drilling fluid pumping down the 
hollow drill rods 

 
- Borehole usually includes boring, sampling, in-situ testing and water-

table observations 
- Depth usually ≤ 100m 
- Drill through all soils and core through all rocks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Continuous sampler 
 
- for identifying sand lenses, description and classification tests  
- usually for soft marine deposits 
 
 
Mazier Sampler 
 
- Triple-tube core-barrels containing detachable liners within the inner barrel 
- Ideal for triaxial test as the diameter of core sampler is 74mm 
- To sample “undisturbed” soil samples from stiffer soil stratum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Care in Boreholes 
 
- levels and coordinates must be taken and properly recorded 
- photographs of setting up and samples should also be taken 
 
Care in Sampling 
 
o Sampler 

- distorted or blunt cutting edge or dirty tubes should not be used 
- check sizes of components and condition 
- thin-walled sampler must be properly cleaned and greased 
 

o Samples 
 

- Properly sealed and labelled to prevent lost of water when moisture content 
is required  

- Thin-walled sample must be sealed with a layer of grease, follow by non-
shrink wax and tape to prevent loss of moisture (excess grease by the side 
of tube for wax placement must be removed to ensure good contact 
between wax and the inner side of sampler) 

- Properly stored and packed for transport to prevent disturbance during 
transportation 

 
Groundwater 
 
o Water level observation in completed boreholes and existing wells if any should 

be taken daily during the ground investigation, particularly in the morning (rain 
for the preceding night must be recorded and the borehole protected against 
surface in flow) 
-   long response time and misleading if rain water enters borehole 
 

o Measurement over a period of time is required to establish the water table 
during the period of investigation.  Seasonal variation and tidal has influence on 
the water table 

 
o Piezometer should be used for accurate and longer time measurement of 

ground water level 
- shorter response time 

 
o Water samples must be properly sealed and labelled 
 
o Care in Installation 

- de-airing 
- sealing 
- read guideline and specification 

 
o Good practice to lower the water in the borehole by a few metres from the 

expected groundwater level and then allow it to rise to its original level and 
collect the water samples 



 
Care in Installation 
 
 
o Porous element must be fully saturated and fill with de-aired water 
 
o If two piezometers are placed in a single borehole, proper seal is the key to 

success 
 
o Response test is required by falling head type 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Standard Penetration Test (SPT) 
 
o BS 1377 

- Hammer weight = 65kg 
- Drop height =760mm 
- Sampler is driven a total of 450mm into the soils and the number of blows 

for the last 300mm of penetration is the SPT, N value 
- Simple and rugged 

 
o Care in the test 

- dented driving shoe should not be used 
- depth of test is very important.  No test above the base of casing 
- base of borehole must be properly cleaned 
- use counter to prevent counting error 
- mark the penetration depth clearly 
- always keep borehole water level as close to the natural ground as possible 

(if the approximate ground water level is known) or else keep the borehole 
full of water.  Water level in the borehole drops too fast and below ground 
water table during changing of assembly for SPT in silty and sandy soils can 
cause boiling in the sandy and silty soils 

- close supervision 
 
Vane Shear Test 
 
o BS 1377 

- Equipment must be calibrated 
- Various vane shear (vane constant varies with size for computation) 
- Cohesive soil only 
- Influence of rootlets and coarse particles may lead to misleading results 

 
Self Penetration Vane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Static Cone Penetrometer 
 
o BS 5930 

- Provide skin friction and end-bearing resistance  
- Continuous soil profile and identification 
- Not suitable for soil having boulders or core stones or hard driving expected 

 
Piezocone (CPTU) 
 
Advanced static cone penetration test with facility to measure pore water pressure 
during insertion of the cone.  Data are captured electronically on computer. 
 
Allow dissipation test to be carried out in the subsoil to determine the horizontal 
coefficient of consolidation, Ch which is important for vertical drains design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PLANNING OF GROUND INVESTIGATION 
 
In most projects, ground investigation should be carried out in two stages.   
In limestone formation, another stage is required i.e. proof drilling to detect and treat 
cavities and slump zones. 
 
Stage 1 – Preliminary 
 
o General subsoil profile 

- Estimate earthwork and rock excavation 
- Typical soft areas, cut or fill 

 
o Preliminary or confirmation of layout and formation levels 
 
o For conceptual designs and preliminary cost estimates 
 
Stage 2 – Detailed Investigation 
 
Optimum building layout selected or confirmed, detailed ground investigation can be 
planned for the critical areas of concern. 
 
o Refine subsoil profile 
 
o Soil parameters for detailed designs of foundations, platforms, slopes and 

excavations 
 
o Soft soil fill area 
 
o Major cut and slope 
 
o Structures 

- retaining wall 
- loading areas especially large column load area 

 
Additional ground investigation 
- Permeability 
- Pressuremeter 
- Piezometer 
- Piezocone 
- Plate bearing test 
 
Selection of Ground Investigation Methods 
 
o Boreholes 

- all soils 
 
 
 
 



 
o Piezocone 

- sedimentary material or alluvial deposits without core stones 
- need of strength and consolidation characteristic of soils 
- rapid continuous logging of soil profile 

 
o Vane shear test in boreholes and penetration vane tests 

- on cohesive soil 
- obtain in-situ strength for bearing capacity prediction 

 
o Slope and cut area 

- use boreholes 
- SPT and Mazier samples for triaxial tests to obtain effective strength 

parameters like C’ and φ‘ 
- Install piezometers to measure ground water level 

 
o Fill area/ soft ground 

- use boreholes and piezocones 
- vane shear tests for soft cohesive soil and Mackintosh probe 
- Undisturbed soil sampling using thin wall or piston sampler for laboratory 

strength and consolidation tests 
 
Ground Investigation Over Water 
 
o Stable working platform is very important particularly for piezocone and 

collecting undisturbed samples in boreholes 
- Staging (scaffold stagings) 
- Barge or ship with proper anchors 
- Jack-up platform (water depth ≤ 15m) 

 
Extent of Ground Investigation 
 
It depends on: 
- available information 
- geological formation and features 
- variability of subsoil and ground water 
- proposed structures and platforms 
- adjacent property 
 
Preliminary Ground Investigation 
 
o Number/ Spacing (Minimum) 

- Boreholes in a fill area of a formation 
- Boreholes in a line for one of a typical X-Section of similar topography (large 

area; a few lines are needed) 
 
 
 



o Depth 
Fill Area 
- Compressible (SPT N-value _ 30) 

 
o Cut Area 

- Depth of potential slips 
 
o Structures 

- Up to depth of soils where the pressure induced by structure has little 
influence. 

 
o Geophysical survey for large area and to determine bedrock profile and 

characteristics 
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Detailed Ground Investigation 
 
o Spacing 

- No hard and fast rules generally 10m to 30m for structures.  The spacing 
can be increased if geophysical survey is used to interpolate or identify 
problem areas. 

- Intensified ground investigation for problem areas and structures for safe 
and economical designs 

- Bridges 
- Generally one at every pier and abutment 
 

o Depth of Rock Coring 
 

Rock type Minimum core length 
a. Igneous rock - 3m  

6m for areas with expected boulders 
 

b.  Sedimentary other than 
limestone 
 

3m – 6m 

c. Limestone with no cavity 10m 
 

d. Limestone with cavities 10m cavities free 
 

 
Field Test and Sampling 
 
o SPT generally at 1.5m interval or larger interval depending on undisturbed 

sampling schedule to depth up to 30m.  The interval can be increased at 
greater depth.  Undisturbed samples should be taken between SPT and 
staggered between boreholes  

 
o Vane shear tests 

- Top 10m at 1m intervals 
- > 10m at 1m – 2m intervals.  Undisturbed samples should be taken between 

vane shear tests and staggered between boreholes 
 

Laboratory Test and Sampling 
 
a) Classification 

- Sieve Analysis 
- Atterberg Limits 
- Moisture Content 
- Unit Weight 
- Specific Gravity 

 
b) Compressibility 

- Consolidation 
- Swelling 



c) Shear Strength 
Total 
- Laboratory Vane 
- UCT 
- UU 
- Shear Box 

 
Effective 
- CIU 
- CID 

 
d) Compaction 
 
e) Chemical 

- SO4 
- CI 
- Ph 
- Resistivity 
- Redox Potential 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SPECIAL ATTENTION 
 
Triaxial Compression Test 
 
- No/ Minimum Trimming 
 
- No Side Drains 
 
- No Multistage 
 
SITE SUPERVISION 
 
- Full Time Engineering Geologists, Engineers or Experienced Technicians 

 
- Briefing (Supervision Checklist) 

 
- Communication 

 
- Checklist 
 
Interpretation of Field and Laboratory Tests Field 
 
- JKR/ Mackintosh 
- SPT (Standard Penetration Test) 
- Field Vane Shear 
 
Laboratory Tests 
 
- Unconfined Compression 
- Consolidation 
- Triaxial Test (UU, CU & CD with pore pressure measurement) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



JKR Probes 
 
- Primitive tool 
- Limited use 

• Shallow bedrock profile 
• Weak zone at shallow depth 
• Shallow foundation 

- No recent fill and future settlement, 
- Structure of low risk 
- If in doubt – use borehole 

 
Interpretation 
 
JKR Chart 
 
Correlation with SPT ‘N’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Standard Penetration Test (SPT) 
 
A popular test 
 
-  useful for pile foundation designs 
 
Common errors 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 
 



 
 



 
 
 
 
 
 



Vane Shear Test 
 
1) Vane test in borehole 
2) Geonor vane 
3) Lab vane 
 
Use 
 
-  To determine in-situ undrained shear strength (Suv) of soft clayey soils 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



LABORATORY TESTS 
 
- Why? 
- Types of Tests! 
- How? 
- Specifications? 

(Load, Pressure, Time) 
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