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Abstract—Standard Penetration Test (SPT) as a
common tool of soil investigation has been increasing
extensively in the Kathmandu valley, which has
predominant thickness of clayey silt and silty clay in the
Kalimati formations. A bulk database of SPT at various
sites of Kathmandu valley is readily available. Although
there are various correlations and predictive methods
for estimating the Undrained Shear strength of cohesive
soil from the SPT, the appropriate prediction applicable
in the context of the Kathmandu has not yet been
reviewed properly. This paper highlights the application
of newly developed energy conservation based
prediction models in the context of clayey silts of the
Kathmandu valley, which has a great significance for
the development of undrained shear strength profile
with respect to depth using the SPT profiles. The review
shows that, the energy based approaches are quite
useful in preliminary tasks.
Keywords—SPT, Undrained Shear Strength, UCS,
correlation, prediction, energy approach, Kalimati
formation, Cohesive soil, Fine-grained soil, Clayey silt,
Kathmandu valley

I. INTRODUCTION
Geologically, Kathmandu is an elliptical bowl
shaped basin located between mountains (Chandragiri
and Phulchoki ranges in the South, Shivapuri and
Nagarkot ranges in the North) in the lesser Himalayan
zone of Nepal, which is filled with thick lacustrine and
fluvio-lacustrine sediments [1]. The recently
developed 2km by 2km grid-sections of the geological
models of the Kathmandu valley show that most of the
central part of the Kathmandu valley has Kalimati
formation soil, and the color code of logs of various
boreholes show that the soils have been broadly
classified as clay [2]. The fine-grained soils in the
SAFER/GEO-591 database [3] of Kathmandu valley
illustrated that although most of the generic
classification is made as “clays” for the fine-grained /
cohesive soils encountered; geo-technically they
would mostly be silts. This is because a large portion
of the fine grained soils among the 591 database are
illustrated as being scattered below the A-line in the
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Cassagrande’s plasticity chart as shown in [3]. A
review of existing correlations as well as newly
developed energy based approaches to predict
undrained shear strength from SPT has been carried
out with reference to the data of clayey silts of
Kalimati formation of the Kathmandu valley.
A. Definitions of some technical terms
SPT value, NSPT is defined as the number of blow
counts of the hammer in the standard SPT setup
corresponding to the last 300 mm penetration out of
the total 450 mm penetration of the standard splitspoon sampler. The initial 150 mm penetration is
considered as the seating penetration and hence not
considered in the NSPT.
Standardized SPT value, N60 is the normalized
SPT value to the standard energy ratio of 60%
corresponding to various factors such as borehole
diameter, rod length of SPT, sampler lining and
average energy ratio of the setup. This excludes the
adjustment for the overburden of the soil mass.
Undrained shear strength, cu is the shear strength
of soil specimen in undrained conditions. The
undrained shear strength can be determined in various
ways, which in this study has been taken as half of the
unconfined compressive strength as obtained from
UCS tests.
Energy ratio, ER is the ratio of actual hammer
energy reaching the sampler to the input energy using
the SPT setup.
II. MATERIALS AND METHODS
A. Study Area
Three different locations namely Khullamunch,
Sallaghari and Dhobhighat all belonging to the
Kalimati formation were taken as the study area, data
from which would be the sample from the populationthat is the Kalimati formation of the Kathmandu
valley.
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B. Geotechnical Data
A total of 69 borehole data with SPT value, NSPT
as well as Unconfined Compressive Strength, cu data
of the undisturbed samples immediately adjoining the
SPT depth (in meters) were collected from various
official reports [4], [5] and [6].
TABLE I.
S.
No.
1.
2.
3.
4.

SUMMARY OF SPT AND MEASURED CU

Borehole
Location

Label

Khullamunch

BH-1

SPT
Depth
13.5

NSPT
5

cu
(kPa)
33.5

Khullamunch

BH-1

32

8

47.5

Sallaghari

SB1

6

6

30

Sallaghari

SB2

10.5

7

39

5.

Sallaghari

SB3

10.5

4

29

6.

Sallaghari

SB4

7.5

7

38

7.

Sallaghari

SB5

7.5

7

37.5

8.

Sallaghari

SB7

6

5

28

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Sallaghari

SB8

9

7

39

Sallaghari

SB9

7.5

6

35

Sallaghari

SB10

9

6

34

Sallaghari

SB11

7.5

6

34.5

Sallaghari

SB13

6

7

37.5

Sallaghari

SB14

6

6

33

Sallaghari

SB16

6

7

34

Sallaghari

SB17

10.5

5

29

Sallaghari

SB18

9

4

30.5

Sallaghari

SB19

9

4

30

Sallaghari

SB20

12

6

29.5

20.

Sallaghari

SB21

12

6

36.5

21.

Sallaghari

SB22

10.5

5

34

22.

Sallaghari

SB23

7.5

5

28

23.

Sallaghari

SB24

4.5

4

26.5

24.

Sallaghari

SB25

6

6

31.5

Sallaghari

SB26

9

5

30

25.
26.
27.

Sallaghari

SB27

7.5

6

33

Sallaghari

SB28

9

2

20.5

28.

Sallaghari

SB29

6

7

34.5

29.

Sallaghari

SB30

4.5

4

27

30.

Sallaghari

SB31

7.5

8

35

31.

Sallaghari

SB32

9

6

31

32.

Sallaghari

SB33

7.5

5

32

33.

Sallaghari

SB34

9

6

35

34.

Sallaghari

SB35

6

5

32

35.

Sallaghari

SB36

9

5

26.5
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S.
No.

Borehole
Location

Label

SPT
Depth

NSPT

cu
(kPa)

36.

Sallaghari

SB38

6

7

38

37.

Sallaghari

SB39

9

6

35

38.

Sallaghari

SB40

10.5

7

32.5

39.

Sallaghari

SB41

9

2

22.5

40.

Sallaghari

SB42

9

8

42.5

41.

Sallaghari

SB43

9

3

26.5

42.

Sallaghari

SB44

12

7

39

43.

Sallaghari

SB45

7.5

5

32.5

44.

Sallaghari

SB46

7.5

5

33

45.

Sallaghari

SB47

10.5

9

44

46.

Sallaghari

SB48

7.5

9

40

47.

Sallaghari

SB49

10.5

6

33

48.

Sallaghari

SB50

9

5

31.5

49.

Sallaghari

SB51

6

6

35

50.

Sallaghari

SB52

6

6

33

51.

Dhobighat

DB1

7.5

9

46

52.

Dhobighat

DB2

6

6

40

53.

Dhobighat

DB4

9

8

42.5

54.

Dhobighat

DB5

16.5

8

42.5

55.

Dhobighat

DB6

10.5

9

41

56.

Dhobighat

DB9

13.5

9

40

57.

Dhobighat

DB10

9

9

43.5

58.

Dhobighat

DB11

7.5

9

41

59.

Dhobighat

DB12

10.5

8

37.5

60.

Dhobighat

DB13

7

7

36.5

61.

Dhobighat

DB14

9

8

40

62.

Dhobighat

DB15

9

8

41.5

63.

Dhobighat

DB16

9

6

37.5

64.

Dhobighat

DB17

10.5

8

39

65.

Dhobighat

DB18

6

7

37.5

66.

Dhobighat

DB19

7.5

7

36.5

67.

Dhobighat

DB20

6

7

39

68.

Dhobighat

DB21

7.5

9

45.5

69.

Dhobighat

DB22

7.5

7

42.5

The depths of the soil in the data ranged from 4.5
m to 32m, with the most data of depths 6m to 10.5m
only. The content of sands obtained from sieve
analysis ranged from 0% to 6%, while that of silt
obtained from hydrometer analysis ranged from 51%
to 72% and that of clay obtained from hydrometer
analysis ranged from 24% to 48%. The natural
moisture content ranged from 30.68% to 49.85%. The
Liquid Limit ranged from 34.5% to 47% while the
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Plastic limit ranged from 29.5% to 37.6%. The
Plasticity Index, PI of the data ranged only from 3.39
to 10.94.

cu/pa = α’ * N60

(3)

or, cu = α’’ * N60

(4)

The soils were classified according to Indian Soil
Classification System (ISCS). The soils were mainly
clayey silts of low to intermediate plasticity according
to the ISCS i.e., ML and MI. The test standards
followed in the laboratory tests all comply with
relevant Indian Standard (IS) Codes as mentioned in
[4], [5] & [6].

where, α’ = dimensionless empirical constant
determined from best fit using regression analysis of
the data

C. Tools
MS-Excel Spreadsheet tool was used for the data
analysis such as: computation of shear strength from
energy based concept and computation of shear
strength from correlations from SPT, regression
analyses and so on.
D. Data Analysis Methods and Models used
The null hypothesis (H0) that the mean of
predicted shear strength and the mean of measured
shear strength are statistically same for the given level
of significance was accepted or equivalently, alternate
hypothesis (H1) that the mean of predicted shear
strength and the mean of measured shear strength are
statistically different for the given level of
significance was formulated. A paired two-tailed t-test
was used for assessing the differences between
predicted and measured values. The level of
significance for the mean shear strengths was taken as
5%, since this is general value of level of significance
[7]. A plot between predicted values (along x-axis) vs.
measured values (along y-axis) was produced and
correlation coefficient was also computed for various
models used.
In order to assess the suitability of the prediction
models based on the SPT, the literature review [8],
[9], [10] & [11] were used. Four different models
were used to assess the SPT based prediction. Model 1
is based on the old correlation developed originally by
Kulhawy and Mayne [8] of the form:
cu/pa = 0.06 * N60

(1)

where, cu = undrained shear strength in same units
as that of pa
pa = standard atmospheric pressure =
101.25 kPa
N60 = standardized SPT value to reference
average energy ratio of 60%.

α’’ = dimensional empirical constant
(kPa) = α’ * pa.
Model 4 is based on the principle of the energy
transferred to the sampler, considering the energy
losses in the SPT rods, developed by Lukiantchuki
[9]. The principle of Model 4 is described briefly
hereafter. Model 4 derives the energy delivered to the
sampler using the nominal energy (terms in the square
brackets) and energy ratio as follows:
Esampler = ER *[(H + Δρ) * MH * g + Δρ * MR * g]

where, H = height of free fall of the SPT hammer
Δρ = average
penetration = (0.3 m / NSPT)

sampler

permanent

MH = mass of freely falling SPT hammer or
driving mass
MR = mass of drill rod used to support
standard split spoon sampler
g = acceleration due to gravity
ER = energy ratio of the setup
The dynamic reaction force Fd can be estimated as
in [9] from the nominal energy delivered to the
sampler as follows:
Fd = Esampler / Δρ (6)
The equivalent static force can be determined by
using a load increase factor as in [9] as follows:
Fs = Fd / ν

(7)

where, ν = load increase factor
The lateral soil skin friction mobilized is related to
the shear strength of the soil as in [9] as follows:
fs = α * cu

(8)

where, α = adhesion factor mobilized.
The equivalent static force is assumed to be mostly
by lateral skin friction as in [9] as follows:
Fs = fs * (Alo + Ali) + Rp
= approximately fs* (Alo + Ali)

(9)

Model 2 is based on correlation developed using
static energy conservation, neglecting the energy
losses in the SPT rods, by Hettiarachchi and Brown
[10], [11] of the form:

where, Rp = tip or point resistance of the pile

cu/pa = 0.04 * N60

Hence,

(2)

Likewise, Model 3 is based on the best fitting
regression line equation for the same form as that
developed using energy based principle by
Hettiarachchi and Brown [10], [11] of the form:
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(5)

Alo = outer shaft lateral surface area
Ali = inner shaft lateral surface area
cu = Fs / [α *(Alo + Ali) ]

(10)

Model 4 was used to calculate for the three different
values of energy ratio, hence the names Model 4a,
Model 4b and Model 4c.
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E. Data Used and Assumptions in the
Calculations
In Model 4 calculations, among the two available
drill rod sizes, namely: Size A: 41 Outer Diameter
(OD) x 29 Inner Diameter (ID) mm with 5.51 kg/m
unit weight and Size AW: 44 OD x 32 ID mm with
6.25 kg/m unit weight [12], the latter size i.e., Size
AW is observed to be frequently used in practice in
the Kathmandu valley. Since, no exclusive record of
particular drill rod size was mentioned in our data
sources, the size AW was assumed for the calculation
purposes. The energy ratio was only slightly sensitive
against the two choices of the rod unit weights.

ISBN 978-9937-0-9019-3

in Table I. The plot between predicted values and
measured values are shown in the Fig. 1, 2, 3, 4, 5 &
6.
TABLE II.

SUMMARY OF PREDICTIONS USING DIFFERENT
MODELS FOR COMPARISION

Prediction
Model used
Model no. 1
(Eq (1))

Key Statistics parameters
Standard
Average
t-value for
deviation of
relative
Hypothesis
relative error
error (%)
testing
(%)
+25.745%

17.29%

12.201

The driving mass i.e., the mass of freely falling
hammer, MH was taken 65 kg in all the calculations as
per the data report obtained.

Model no. 2
(Eq (2))

-16.17%

11.52%

12.761

The free fall height, H was taken as 0.76m as per
standard practice used in the data report.

Model no. 3
((Eq (4))
α’’ = 4.678 kPa)

-2.99%

13.34%

1.332

The dynamic force was converted to static force
adopting a load increase factor, ν of 1.7 as was
adopted for the case of soft clay [9].

Model no. 4a
((Eq (5)
ER = 67 %)

-3.86%

13.22%

3.584

Model no. 4b
((Eq (5)
ER = 61.7 5%)

-3.65%

12.54%

-1.956

Model no. 4c
((Eq (5) to (10)
ER = 62.35 %)

-2.71%

12.66%

-1.236

The standard split-spoon sampler was driven
450mm into the soil at the bottom of the boring.
Hence, skin friction in this region was only considered
significant in the calculations. The outer and inner
lateral surface area, Alo and Ali respectively were
calculated using the standard diameters of the standard
split-spoon sampler from the corresponding reports of
[4], [5] & [6].
A miniature pile model was assumed to estimate
the adhesion mobilized for the calculations. The
adhesion mobilized, α was assumed as unity for the
miniature pile in all calculations for soft to medium
strength cohesive soils for simplifying the review
analysis as in [9].
In the energy based Model 4 from [9], since there
is no reference available currently for the measured
value for the average energy ratio, ER at the sampler
for SPT instruments in Kathmandu, so it was assumed
as 67% initially based on available literature [12] and
then iterated, till the alternative hypothesis was
rejected.
An assumption that- the SPT depth, the adjoining
immediate Un-Disturbed (UD) Soil Sampling depth
both have the same soil layer and there is no
significant variation of soil between the two depths
was made to carry out simplified analysis. In reality,
there is a 0.5 m level difference between the SPT
depth and UD soil sampling depth, which could result
in some deviations in the predicted and measured
shear strength values. However, to simplify the review
analysis, the effect is ignored.

Fig. 1. Predicted Shear Strength from Model 1 vs. Measured
Shear Strength

III. RESULTS AND DISCUSSIONS
A. Data Analysis Results
The key statistics parameters derived from
analysis for various predictive models are summarized
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Fig. 2. Predicted Shear Strength from Model 2 vs. Measured
Shear Strength
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The original empirical models 1 and 2 as shown in
Table I (Fig. 1, 2), based on t-test values compared
with critical t-values, do not satisfy the null
hypothesis and alternative hypothesis is accepted for
these cases. In other words, the mean shear strength
predicted from models 1 and 2 statistically differ
from the mean of measured shear strength for a 5%
level of significance.

Fig. 5. Predicted Shear Strength from Model 4b vs. Measured
Shear Strength

Fig. 3. Predicted Shear Strength from Model 3 vs. Measured
Shear Strength

Similarly, based on regression model 3, which is
similar in nature to both models 1 and 2, correlates
equally, but has a better results in the t-tests, and the
null hypothesis is accepted for this case. In other
words, the mean shear strength predicted from
method 3 is statistically same as the mean of
measured shear strength for a 5% level of
significance.

Fig. 6. Predicted Shear Strength from Model 4c vs. Measured
Shear Strength

The models 4a, 4b, 4c are all same energy based
method with varying energy ratio. The energy ratios in
the range 61.75% - 62.35% satisfy the null hypothesis
with the best fit regression line equation of the form y
(measured) = a*x (predicted), where, a=0.995 to
1.005.

Fig. 4. Predicted Shear Strength from Model 4a vs. Measured
Shear Strength
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B. Comparision with literature
The energy ratios in the range 61.75% - 62.35%,
(average 62.1%) satisfy the null hypothesis and have
negative average error as well as negative t-value
indicating the under-estimation of measured shear
strength by predicted shear strength as in [9]. The
average energy ratio measured for hand-lifting system
was 59%, 62% for two different sites and had a
significantly large standard deviation of 15.1% and
12.3% respectively according to recent measurements
[13]. The standard deviation obtained for the relative
error from the shear strength method is also quite
large i.e., 12.54% and similar to above. In this study,
since we back analyzed with a constant average
energy ratio, the actual variable energy ratio in the
field plausibly manifested in the form of scatter
between predicted and measured shear strength.
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Although, there are also several other reasons for this
scatter, it can be observed that the average values of
the energy ratios for donut hammer system are
comparable in the order of magnitude. The actual
value is indeed quite variable due to site-specific
nature and differences in the setup used and cannot be
compared as such.
Nevertheless, the value obtained from this method can
indeed be used as an upper guide for the mean energy
ratio, since it was found to under-estimate the actual
shear strength in [9]. For the preliminary analyses of
SPT results, the model 4 suggests an upper guideline
for the average energy ratio of around 62.1% for the
setup as described in the data used and assumptions
mentioned.
It can however, be noted that this method of average
energy ratio is only useful for preliminary analyses,
since, the actual energy ratio in the field varies quite
significantly, even for a same given site [13].
IV. CONCLUSIONS
This review concludes that the energy approach of
model 4 considering the energy losses in the SPT rods
with appropriate average energy ratio provides a
useful preliminary prediction than all other models
presented here.
It can be noted that the constant coefficient in the
correlation model 3, changes with the average energy
ratio adopted in the standardization of the SPT.
However, the model provides better preliminary
prediction than other older correlation based models
such as model 1.
The method of calibrating the energy ratio from the
back calculation from UCS using the energy based
method can be quite useful in standardizing the mean
energy ratio, in the areas where stringent measurement
of energy hasn’t already been carried out using
instrumentation like load cell and strain gauges.
This calibration method yields an upper limit to the
energy ratio (Since the energy contribution from the
tip resistance hasn’t been accounted for in the method;
only skin resistance. Likewise a very conservative
value of unity was adopted in the calculations).

adhesion mobilized equal to unity for soft soil case as
in this study to calculate the undrained shear strength
can also be studied to see if they are sensitive to the
prediction results.
Likewise, the considerations of skin friction were only
incorporated in this study; the tip resistance can also
be included from literature review in the future
studies. Similarly, other factors can also be
incorporated in the future study.
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