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Field Tests / In-situ Tests

Standard Penetration Test
Vane Shear Test
Cone Penetrometer Test
Pressuremeter Test
Dilatometer Test
Dynamic Penetration Tests (DPL, DPM, DPH, DPSH)
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Coduto/Geotechnical 
Engineering, Principles and 
Practice/p71Advantages

Simple equipments
Low cost
Do not require much expertise 
for field operations
Disturbed samples are collected

Disadvantages

Much variation in the results 
i.e. poor repeatability

L5/P2

Standard Penetration 
Test (SPT)
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The variation in N value arises from 
1. Equipment from different manufacturers
2. Drive hammer configuration (Donut/Safety hammer/Auto trip
3. Actual Drop height (variation in manual/auto trip operation)
4. Rope cat-head system : dia and condition (rusty/clean) of rope, no. of turns 

(11/2, 2, 3 etc.)
5. Use of liner inside the split barrel (usually liner is not used)
6. Overburden pressure – soil of the same density will give smaller N value if p’

0
is smaller; oversize borehole (hole dia > 150 mm will  reduce the N value)

7. Length and stiffness of drill rod- (if rod length > 10 m – not critical;  for shorter 
lengths and N<30 it is critical)

8. Rate at which blow is applied; sometimes drilling crew are more interested in 
advancing the hole quickly (30 ~40 blow per min. is recommended)

9. Diameter of the drill hole
10. Presence or lack of drilling mud

L5/P4

It was regularly observed that N values in adjacent boreholes or from using different 
equipment in adjacent boreholes were not reproducible. 

Sl.no.1,2,3,4 is associated 
with energy transmission
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Theoretical driving energy:   Whgh2
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Here W=140 lb =63.5 kg, h=30 in = 762 mm, g =9.807 m/s2

Therefore, Ein = 63.5 x 9.807 x 0.762  Joul =474.5  J  = 350 lb-ft

In reality, actual energy transmitted to the sampler Ea is less. 
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Note: Larger value of Em decrease the blow count nearly linearly i.e. ‘energy ratio 
(Em) × blow count (N)’ should be a constant. Thus we can convert the N value from 
one energy ratio to that for another energy ratio using 

Em1 × N1 = Em2 × N2 => N2 = (Em1 / Em2) × N1

e.g. if N1 = 15 for Em1 = 80, then  for Em2 =60, N2 = (80/60) × 15 = 20 

Drop 
height, h

Mass, m
Hammer

Impact 
velocity, v

Em is also termed as
Hammer Efficiency

Some of the influencing factors such as (warped/worn driving shoe, inducing a 
quick condition in the hole bottom by too rapid withdrawal of cutter, differential 
water level between GWT and in hole etc.) can be avoided. This leaves the input 
driving energy and its dissipation around the sampler into the surrounding soil as 
the principal factors for the wide range of N values.

Correction of N value for input energy or hammer efficiency
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Energy measurements by different researchers showed wide variation in the 
actual input diving energy Ea to the sampler to produce penetration
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For the system used in Bangladesh, Em ≈ 0.60 
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SPT Correlations

SPT  ~ Undrained Shear Strength, cu
SPT  ~ OCR
SPT  ~ Relative Density
SPT-N value  ~ Peak friction angle

Relative comparison of SPT-N value  for cohesive and cohesionless soil

Peck,Hensen,Thornburn/p.114
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It is important to know the energy ratio relevant to 
the SPT-N value used in the correlation .
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SPT Correlations for cohesive soils

SPT  ~
Undrained Shear 
Strength, cu

B.M. Das/Principles of Foundation 
Engineering/4th edn./p.100
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(Not much reliable – used for crude approximation)
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SPT Correlations for cohesive soils……..contd.

SPT  ~ OCR

L5/P11
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SPT Correlations for Cohesionless Soils

Correction for Overburden Pressure  (Cohesionless soil)

N

F

F=N. f = tan f

Stress ratio vs Displacement 
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For greater depth
->  greater overburden pressure 
->  greater normal pressure on SPT 
spoon sampler 
-> greater friction 
-> larger N value

Sand/ Sandy soil (Frictional material) even 
though the density is same

Often reliable enough  for foundation design)
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Cohesionless soil:  Correction for Overburden Pressure…….contd.
L5/P13
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Cohesionless soil….contd.SPT  ~ Relative Density

L5/P14
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SPT-N value  ~ Peak friction angle
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SPT-N value  ~ Peak friction angle…….contd.
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Concerns with SPT-N correlations
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L5/P18
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