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1 INTRODUCTION 
 
Based on energy concepts introduced by Aoki and 
Cintra (2000), to improve SPT test interpretation, 
new methods have been proposed to estimate soil 
parameters and contribute to pile design (Schnaid et 
al., 2009; Hettiarachchi and Brown, 2009). These 
methods were developed based on energy balance, 
which is represented by the work done by the sam-
pler to penetrate the soil. The mechanical energy 
conservation, known as Hamilton’s Principle can be 
expressed by the following equation (Clough and 
Penzien, 1975) (Eq. 1):  
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where:  = variation in the time interval (t2-t1); T(t) 
= total kinetic energy in the system; V(t) = potential 
energy in the system; Ws (t) = work done by non-
conservative forces acting on the sampler-soil sys-
tem and Wnc (t) = work done by other non-
conservative forces related to energy losses. 
 

Schnaid et al (2009), based on previous results 
(Odebrecht et al., 2005), proposed an equation to es-
timate soil dynamic force (Fd), that was used to 

equalize soil properties of sand (internal friction an-
gle) and clay (undrained shear strength). The method 
was developed through limit equilibrium and cavity 
expansion theory concepts. Results showed a corre-
lation when compared with other methods or exper-
imental tests. 

The method proposed by Hettiarachchi and Brown 
(2009) is based on two basic assumptions: (1) the re-
sistive force mobilized on the sampler inside surface 
is negligible (2) no plugging occurs during sampler 
penetration. The first assumption is due to the varia-
tion in the inside diameter of the sampler which is 
enlarged above the open end to allow for a liner 
(which is rarely used). Consequently, when no liner 
is used, this difference in diameters reduces friction 
on the inside surface of the sampler (Hettiarachchi 
and Brown, 2009 and Schmertmann, 1979). The 
second assumption is based on experimental obser-
vations of Schmertmann (1979), who noted a lower 
probability of soil plugging in samplers without lin-
ers.  

To propose a method for assessing soil shear 
strength parameters, Hettiarachchi and Brown 
(2009) assumed that the energy loss in the string of 
rods is negligible. Consequently, the amount of en-
ergy delivered to the string of rods was set to equal 
the amount of energy that reaches the sam-
pler. However, other research (Odebrecht et al., 
2005; Cavalcanti et al., 2008; Lukiantchuki, 2012) 
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demonstrated that the energy loss in the string of rod 
is significant and contributes to a rational interpreta-
tion of SPT test results. 

This paper presents an approach to predicting un-
drained shear strength based on the amount of ener-
gy that reaches the sampler during wave propaga-
tion. Soil reaction force was used to estimate the 
lateral skin friction in the soil-sampler interface. The 
undrained shear strength (Su) was calculated using 
the adhesion factor. The suitability of this method 
was evaluated by comparing undrained shear 
strength estimated by both vane shear test (VST) and 
standard penetration test (SPT) for two Brazilian 
sites. Despite the variability, results demonstrate a 
good correlation between Su experimental and theo-
retical values. This approach can be useful in esti-
mating Su values during preliminary design. 

 
 

2 SOIL REACTION FORCE 
 
Soil reaction forces that are developed during sam-
pler penetration in SPT has been broadly investigat-
ed (Schmertmann, 1979; Aoki et al., 2007; Schnaid 
et al., 2009; Lukiantchuki et al., 2012; Restrepo et 
al., 2012). The forces developed during the sampler 
penetration can be very useful for interpreting the 
soil behavior and the observations can be extrapolat-
ed to pile designs. 

Based on this, Schnaid et al (2009) proposed a 
method to estimate the dynamic soil reaction force 
(Fd) based on the amount of energy that reaches the 
sampler (Eq. 2). Lukiantchuki (2012) compared the-
oretical and experimental dynamic reaction force, 
and showed that this equation is suitable for estimat-
ing Fd values. Therefore, the following equation can 
be used to in the development of undrained shear 
strength estimates. 
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where Δρ is the average sampler permanent penetra-
tion (=30/NSPT), MH is the hammer mass, H is the 
height of fall, MR is the total mass of the string of 
rods and g is the acceleration of gravity. 

2.1 Soil reaction force interpretation 

Soil reaction force values were used to estimate the 
undrained shear strength (Su) using the lateral skin 
friction (fl) in the soil sampler interface (Eq.3).  

 

Suf   (3) 

 

where fl is the lateral skin friction, mobilized during 
sampler penetration, in the soil sampler interface,  
is the adhesion factor which relates the lateral skin 
friction to undrained shear strength (Su).   

 
The dynamic force (Fd) can be converted to static 

force (Fs) using a load increase factor () (Hermans-
son and Gravare, 1978; Schnaid et al., 2009) (Eq. 4). 
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For soft clay it was adopted 1.70 (Hermansson 

and Gravare, 1978; Bernardes et al., 2010) (Eq. 4).  
 
The static force (Fs) is composed of the point re-

sistance (Rp) and the result of lateral skin friction 
(Fl) (Eq. 5). However, in the present paper, only was 
taken into account the lateral skin friction and the 
point resistance was negligible (Eq. 6). The un-
drained shear strength can be estimated using Equa-
tion 7.   
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where Alo and Ali are the outside and inside shaft 

surface area, respectively. 

 

 The adhesion factor () shows a general trend high-
er than unit for very soft clays and to decrease to 
values as low as 0.2 for very stiff clays (Tomlinson, 
1994). In this paper, the SPT sampler was studied as 
a mini-pile, which according to Brazilian Standard 
(ABNT, 2001) shows sampler penetration (L) ap-
proximately equal to ten times outside sampler di-
ameter (Do) (L10Do) (Fig. 1). 

 
 

 

340



 
Figure 1. Curves for adhesion factors for piles driven into clay 
soils (adapted from Tomlinson, 1994). 

 
Undrained shear strength values (Su) were ascer-

tained through Vane Shear Tests (VST), which al-
lowed for estimating adhesion factors. In this work  
was assumed to equal 1 for very soft clays and  was 
set to equal 0.21 for stiff clay. (Figure 1). 

 
3 UNDRAINED SHEAR STRENGTH 
 
Undrained shear strength values were estimated (Eq. 
7) for two case studies: 1) Sepetiba region site locat-
ed in the state of Rio de Janeiro, Brazil  and 2) Porto 
Velho region site located in the state of Roraima, 
Brazil. 

3.1 Case study 

A case study describing the site of the Porto Velho 
soft clay deposit in North region of Brazil is useful 
for illustrating the suitability of Eqs. (4), (5) and (6). 
Geotechnical investigation comprising in situ tests 
(SPT and VST) and laboratory tests (oedometer and 
triaxial) has been carried out (Marques et al., 
2008). Figure 2 shows a typical SPT profile, describ-
ing the soft clay layers, and the comparison between 
Su estimated by vane shear test (VST) and SPT, 
which demonstrates a very good agreement between 
Su values. There is consensus that SPT is not suita-
ble to estimate soft clay parameters due to soil 
remolding. However, since SPT is widely used in 
some countries for preliminary geotechnical site in-
vestigation, the method presented in this work can 
be useful for estimating Su values during prelimi-
nary design.    
 

 

Figure 2. Prediction of Su for soft clay (Porto Velho Site). 

 

Table 1 shows the step by step method proposed 
for estimating undrained shear strength from SPT re-
sults. Results show that the proposed method pro-
vides a preliminary estimation of Su values. Disper-
sions were observed for shallow depths, where it is 
more difficult to estimate the amount of energy of 
the SPT. 

  

Table 1. Estimation of Su from the shear strength mobilized 
during sampler penetration. 

Depth 

(m) 
NSPT 

average 

(m) 

Esampler 

(J) 

Fd 

(kN) 
 

SPT VST 

Su 

(kPa) 

Su 

(kPa) 

1.5 3.0 0.100 416.1 4.16 1 19.27 25.10 

3.0 3.0 0.100 417.4 4.17 1 19.33 32.88 

5.5 3.0 0.100 418.7 4.19 1 24.96 18.38 

6.5 4.0 0.075 403.6 5.38 1 24.99 22.78 

10.5 4.0 0.075 405.3 5.40 1 25.09 25.10 

 

In order to confirm this behavior another case 
study was evaluated. The investigation site in the 
city of Sepetiba is composed of a very soft silty clay 
deposit in the Southeast of Brazil. Geotechnical in 
situ investigation (SPT and VST) has been carried 
out. Figure 3 shows the comparison between exper-
imental and estimated results and Table 2 shows the 
results from SPT and VST. Large dispersions were 
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observed for borehole 614, the VST values were 
about 4 or 5 times larger than SPT values. However, 
for borehole 328 the comparison showed closer val-
ues. 

 
(a) Borehole 614 

 
(b) Borehole 328 

Figure 3. Prediction of Su for soft clay (Sepetiba Site). 

 
 
 
 
 
 

Table 2. Estimation of Su from the shear strength mobi-

lized during sampler penetration. 

 

Depth 

(m) 
NSPT 

average 

(m) 

Esampler 

(J) 

Fd 

(kN) 
 

SPT VST 

Su 

(kPa) 

Su 

(kPa) 

BOREHOLE 614 

1.0 0.8 0.510 636.9 1.25 1 5.8 17.7 

2.0 0.0 0.600 701.6 1.17 1 5.4 21.5 

3.0 0.0 0.800 837.2 1.05 1 4.9 22.4 

6.0 3.0 0.100 421.3 4.21 1 19.5 114.3 

7.0 3.75 0.080 408.3 5.10 1 23.6 132.7 

8.0 3.75 0.080 408.9 5.11 1 23.7 147.1 

9.0 2.80 0.107 430.0 4.03 1 18.7 104.9 

10.0 2.73 0.110 434.0 3.95 1 18.3 71.02 

11.0 3.53 0.085 414.2 4.88 1 22.6 115.2 

BOREHOLE 328 

1.0 0.0 0.510 636.9 1.25 1 5.8 16.8 

2.0 0.0 0.860 849.9 0.99 1 4.6 18.4 

3.0 0.0 0.640 741.2 1.16 1 5.4 18.1 

4.0 0.0 0.580 720.2 1.24 1 5.8 16.0 

5.0 0.0 0.480 669.4 1.39 1 6.5 46.9 

6.0 4.0 0.075 404.2 5.39 1 24.9 38.9 

10.0 3.0 0.100 426.1 4.26 1 19.7 118.7 

11.0 2.0 0.150 468.2 3.12 1 14.5 152.6 

 

Figure 6 shows the comparison between experi-
mental and theoretical Su values, which demonstrate 
that there is a large dispersion between values. In 
general, Su estimated using SPT energy approach is 
significant lower than VST results.   
 

 
Figure 4. Comparison between experimental and theoretical Su 
values. 
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4 CONCLUSIONS 
 
The suitability of a simple procedure to estimate un-
drained shear strength was evaluated by comparing 
experimental and theoretical values. Since SPT is 
widely used in Brazil and other countries, the pur-
pose of this work is to estimate undrained shear 
strength using energy concepts. For this, the lateral 
skin friction mobilized during sampler penetration 
was calculated through the dynamic soil reaction 
force. The undrained shear strength was estimated 
based on the lateral skin friction and the adhesion 
factor. Theoretical values, for two experimental 
sites, were compared with vane shear test values. 
Results show that the theoretical method allows for 
estimating Su values for preliminary design. Howev-
er, for both sites, the theoretical values were lower 
than experimental values. SPT energy interpretation 
is an important improvement in the analysis of SPT 
test results, allowing a rational interpretation instead 
of an empirical interpretation. The current method 
needs to be improved through other parameters 
which can influence the results.             
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