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ABSTRACT: Nearly 80% of the ground surface in Korea is covered with weathered residual soils or 
weathered rocks, which can be classified into very dense coarse soil and weak and highly decomposed rock. 
As such, many geotechnical structures have been constructed on this weathered layer. These geomaterials, 
however, have not been mechanically distinguished from each other in a clear way, and as such, the boundary 
between the two layers has often been inconsistently and erratically determined. In this study, the strength and 
stiffness of the geomaterials of the weathered layer in Korea were investigated as design values using the 
investigation site database. The recommendations from the existing literature were examined, and quantitative 
assessment based on test results of SPT-N values was attempted. As a result, a more useful way of classifying
the weathered layer and estimating the bearing capcity of pile including resistance of dense weathered 
residual soil were suggested and applyed it to the bearing capacity estimation of the pile resting on the
weathered layer.

Evaluation of the engineering properties of the weathered layer in Korea 
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1 INTRODUCTION 

Nearly 80% of the ground surface in Korea is 
covered with weathered residual soils or weathered 
rocks, which can be classified into very dense coarse 
soil and weak and highly decomposed rock. As such, 
many geotechnical structures have been constructed 
on the weathered layer. Especially, about 52% of the 
cast-in-place concrete piles in Korea have been 
installed in weathered rocks (KICT 2008), which 
means that the weathered layer is the main bearing 
stratum where side friction and end bearing 
resistance are mobilized. Therefore, assessment of 
the characteristics based on quantitative test results 
such as the strength and stiffness of the weathered 
layer as design values, and establishment of clear 
classification criteria, are very important. 

Engineering properties such as the SPT-N value, 
RQD (rock quality designation), and UCS 
(unconfined compressive strength) are generally 
used to assess the characteristics of weathered 
layers. The relationship between the relative density 
of coarse soil and the SPT-N value was suggested by 
Terzaghi and Peck (1967), and the criterion of SPT-
N value for classifying weathered rock was 
developed by Clayton (1995). RQD, originally 
proposed by Deere et al. (1976), is an indirect 
measure of the number of fractures within a rock 
mass, which is defined as the ratio of the summation 
of the core pieces longer than 10 cm to the total 
length of the core. As RQD is most useful when 

combined with other properties for evaluating rock 
strength, deformability, and discontinuity, many 
rock mass classification systems include RQD as a 
major parameter for assessing the rock mass 
characteristics. It is generally known that the rock 
mass consists of many intact rocks and 
discontinuities, and as such, the UCS of the intact 
rock is an important property for assessing the rock 
mass characteristics and grade. Hoek and Brown 
(1997) suggested rock mass classifications using 
UCS, which consist of seven grades, from extremely 
weak to extremely strong. 

Geomaterials have been conventionally classified 
as soil and rock, but many of the geomaterials that 
are encountered in reality exhibit the properties of 
both soils and rocks. As such, it is very difficult to 
clearly define a geomaterial as soil or rock. O’Neil 
et al. (1996) defined a geomaterial that is in between 
soil and rock as an intermediate geomaterial (IGM), 
and applied it to the design of drilled shafts. The 
IGMs are divided into the cohesionless IGMs and 
the cohesive IGMs, which exhibit an SPT-N value 
within the 50-100 range and have 0.5-5 MPa 
unconfined strength, respectively. Especially, the 
cohesionless IGMs are similar to the relatively dense 
weathered residual soil in Korea. 

In this study, the strength and stiffness of the geo-
materials of the weathered layer in Korea were 
investigated as design values using the investigation 
site database. The recommendations from the 
existing literature were examined, and quantitative 
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assessment based on test results of SPT-N values 
was attempted. As a result, more useful 
classification criteria and estimating the bearing 
capcity of pile including resistance of dense 
weathered residual soil were suggested and applyed 
them to the bearing capacity estimation of the pile 
resting on weathered layer. 

2 ANALYSIS OF THE CURRENT STATE IN 
KOREA

2.1 Classification criteria of the weathered layer 

The weathered layer is divided into weathered 
residual soil and weathered rock in Korea. To 
determine the boundary of the two layers, engineers 
use quantitative information obtained from 
laboratory and in-situ test results. Several 
institutions have suggested a criterion for the 
weathered layer based on its engineering properties 
to assist engineers in classifying the weathered layer. 
In this study, the criteria recorded in the 
specifications of four major institutions in Korea 
were examined. These are summarized in Table 1 
and 2. 

As shown in Table 1 and 2, the types of 
engineering properties that are used to classify the 
weathered layer are not unified. Furthermore, even if 
the type of engineering property is the same, the 
suggested values are not equal to one another. In 
other words, no standard classification criterion has 
been established in Korea to date, which means that 
the depth and thickness of the weathered layer are 
variable according to the criterion selected by 
engineers. In addition, the weathered residual soil is 
not subdivided based on the degree of density. As 
described in the introduction part of this paper, 
relatively dense weathered residual soil is very 
similar to the cohesionless IGM, which exhibits an 
SPT-N value within the range of 50-100 blows.
Although the strength of IGMs is as high as that of 
weathered rock, and although researches on the 
applicability of the IGM theory with relatively dense 
weathered residual soil for estimating the pile 
capacity have been conducted in South Korea, 
criteria for IGMs have yet to be established 
Therefore, when designers estimate the bearing 
capacity of a cast-in-place concrete pile embedded 
in a weathered rock, the side resistance of the dense 
weathered residual soil is usually not considered. 

Table 1. Classification criteria of weathered residual soil 

Institution N-value1) Elastic wave

velocity

UCS

blows/cm km/s MPa

Korea Expressway

Corporation

≤ 50/15 ≤ 3.0 ≤ 25

Korea Rail Network

Authority

≤ 50/15 -2) -2)

Seoul Metropolitan 

Government

≤ 50/10 ≤ 1.2 -2)

Korea Geotechnical

Society

-2) -2) -2)

1) N-value is the number of blows when the penetration depth is

30 cm, but it is expressed with 50 blows/penetration depth for

more than 50 blows in Korea.
2) No criterion is suggested.

Table 2. Classification criteria of weathered rock 

Institution N-value Elastic wave   

velocity

UCS RQD

blows/cm km/s MPa %

Korea Expressway

Corporation

≥ 50/15 3.0 ~ 3.5 ≤ 60 ≤ 20

Korea Rail 

Network Authority

≥ 50/15 ≤ 3.5 ≤ 5 -

Seoul Metropolitan 

Government

≥ 50/10 1.0 ~ 2.5 ≤ 10 ≤ 10

Korea Geotechnical

Society

- 0.7 ~ 1.2 30~70 -

2.2 Distributions of the engineering properties 

To obtain the distributions of the weathered layer, 
600 boring logs recorded with the engineering 
properties were randomly selected from the 
Geotechnical Information Database System of the 
Ministry of Land, Infrastructure, and Transport of 
the Republic of Korea. All the boring logs included
the SPT-N values of the weathered layer, whereas 
the information on the UCS and RQD of the 
weathered layer was rarely recorded. Therefore, only 
the SPT-N values were analyzed in this study. The 
total number of SPT-N values that were analyzed for 
weathered residual soil was 742, and that for 
weathered rock was 432. 

As the SPT-N value is expressed in two ways in 
South Korea (the number of blows/30 cm or 50 
blows/penetration depth), every SPT-N value was 
converted to the ratio of blows to the unit 
penetration depth in this study for convenient 
analysis. Figure 1 and 2 show the distribution of the 
SPT-N values of weathered residual soil and 
weathered rock, respectively. 
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Figure 1. Distribution of the SPT-N values of weathered 
residual soil. 

 
Figure 2. Distribution of the SPT-N values of weathered rock. 

 
As shown in Figure 1, the range of blows per unit 
penetration depth of the weathered residual soil was 
from 0.07 (2 blows/30 cm) to 50 (50 blows/1 cm), 
which means that the degree of density of the soil is 
varied, from very loose to very dense. The 
frequencies and percentages of the major class 
intervals that are used to classify the weathered layer 
are shown in Table 3. Relatively loose weathered 
residual soil, which exhibited an SPT-N value of 0 
blows/30 cm to 50 blows/30 cm, accounted for 
about 34%. Also, as the percentage of relatively 
dense weathered residual soil corresponding to the 
cohesionless IGM criterion was 24%, the weathered 
residual soil has to be subdivided based on the 
density. Although the boundary specified with the 
SPT-N value between the weathered residual soil 
and the weathered rock is 50 blows/15 cm or 50 
blows/10 cm, 42% and 28% of the weathered 
residual soil that was analyzed in this study 
exhibited an SPT-N value with more than the 
boundary, which means that many investigators still 
determine the type of a weathered layer not with the 
quantitative engineering property but based only on 
their own empirical judgment. 

Figure 2 and Table 4 show the distribution of the 
SPT-N values of weathered rock. Almost the whole 
weathered rock that was analyzed in this study 

exhibited higher than 3.33 blows per unit penetration 
depth (50 blows/15 cm), which corresponds with the 
boundary criterion between weathered residual soil 
and weathered rock. Using only the SPT-N value, 
however, limits the investigation to the 
characteristics of weathered rock. As such, a more 
detailed investigation using a triple-core barrel is 
needed to get the rock properties such as the UCS 
and RQD. 

 
 
Table 3. Frequencies and percentages of the SPT-N values of 
weathered residual soil 

Range of N value  Frequency  Percentage  

Blows/cm    % 

0 ≤ N < 50/30  248  34 

50/30 ≤ N < 50/15  181  24 

50/15 ≤ N < 50/10   106  14 

50/10 ≤ N  207  28 

Total  742  100 
 

Table 4. Frequencies and percentages of the SPT-N values of 
weathered rock 

Range of N value  Frequency  Percentage  

Blows/cm    % 

N < 50/15  16  4 

50/15 ≤ N < 50/10  56  13 

50/10 ≤ N  360  83 

Total  432  100 

2.3 Inconsistent decision of boundary  

Only the SPT-N values have generally been used to 
investigate the weathered layer in Korea, but as the 
classification criteria of the weathered residual soil 
and weathered rock are not unified, as shown in 
Table 1 and 2, the boundary between the two layers 
has been determined according to the criterion used 
by the investigator. In addition, as a standard 
penetration test is performed at every 1 or 1.5 m 
depth spacing, which means that the SPT-N value is 
discrete information, the criterion between the two 
weathered layers, such as 50 blows/15 cm, could not 
be exactly measured. Therefore, the investigators 
usually determine the boundary based on their own 
judgment. For example, as shown in Figure 3, if the 
SPT-N value is measured as 50 blows/19 cm at a 
depth of 5 m, and as 50 blows/13 cm at a depth of 6 
m, the investigator can decide the boundary between 
the two weathered layers as (1) a depth of 6 m for a 
conservative estimation or (2) a middle depth of 6 
and 5 m or 3 m, a depth where the SPT-N value is 
predicted as 50 blows/15 cm by linear interpolation. 
Therefore, a specific method of arriving at a 
decision regarding this matter is needed to prevent 
the boundary from becoming variable. 
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Figure 3. Example of a standard penetration test result. 

3 MODIFIED CLASSIFICATION METHOD 

3.1 Modified classification method suggestion 

The modified classification method, which is more 
suitable for reflecting the characteristics of layers 
and is a more consistent way of classifying 
weathered layers, was suggested. Below is the 
detailed method of classifying weathered layers. 
 

1) The boundary between weathered residual 
soil and weathered rock should be determined 
by using the SPT-N value of 50 blows/15 cm. 

2) Weathered residual soil should be divided into 
loose weathered residual soil and dense 
weathered residual soil based on the SPT-N 
value, whose ranges are less than 50 blows/30 
cm and 50 blows/30 cm to 50 blows/15 cm, 
respectively. The range of the dense 
weathered residual soil is the same as that of 
cohesionless IGMs. 

3) The SPT-N value of the boundary between 
the two weathered layers should be 
consistently decided by applying linear 
interpolation. 

3.2 Application of the modified classification 
method 

The modified classification method is applied to the 
ultimate bearing capacity estimation of cast-in-place 
concrete piles embedded in weathered rock. Data on 
the piles and subsurface, including the pile diameter, 
load test result, boring log, and engineering 
properties, were collected from Jeon (2000) and 
Kwon (2004). The detailed data are summarized in 
Table 5. 

 
Table 5.  Data on the piles and engineering properties of 
weathered layers 
Pile 

No. 

Diameter Socket 

Depth2) 

UCS1) RQD Measured 

capacity 

m m MPa % kN 

Side Base Side Base 

1 1 2.3 47.8 47.8 0 0 16700 

2 1 2 47.8 47.8 0 0 13000 

3 1 2.15 47.8 47.8 0 0 12000 

4 1 1.9 47.8 47.8 42 40 18500 

5 1 1.7 47.8 47.8 50 52 213303) 

6 0.4 6 20.2 12.3 0 0 2550 

7 0.4 3 15.6 36.1 0 0 2130 

8 0.4 3 15.7 17.3 0 0 1070 

9 0.4 3 15.7 15.7 0 0 1100 

10 0.4 6 30.4 12.0 0 0 31004) 

11 0.4 9 11.7 12.2 0 0 2950 
1)
 The socket depth was determined from the boring log. 

2)
 The UCS was measured by performing a uniaxial load test 

or a point load test. 
3)
 The capacity was evaluated using the hyperbolic 

extrapolation method because the load test was completed 

before the ultimate state was reached. 

 
The ultimate bearing capacities of all the piles 

were estimated through the conventional and 
modified methods, which are explained below. 
 
Conventional method 

 

(i) The thickness of the weathered layer is decided 
from the original boring logs recorded in the 
references. 

(ii) The average value of the engineering properties 
in weathered residual soil and weathered rock is 
used, respectively. 

(iii) The bearing capacity of the weathered rock 
layer is estimated by applying the specifications 
recommended in AASHTO (2010). The side 
resistance (qs) and tip resistance (qp) can be 
estimated using the equations below. 
 
qs = 0.6αEpa(qu/pa)0.5 < 7.8pa(fc’/pa)

0.5,           (1) 
qp = [s0.5 + (m∙s0.5 + s)0.5]qu,                             (2) 
 
where qu is the unconfined compressive strength 
of the rock, pa is the atmospheric pressure, αE is 
the reduction factor specified in the reference, fc’ 
is the concrete compressive strength, and s, m is 
the fractured rock mass parameter specified in 
the reference. 

(iv) The side resistance of weathered residual soil is 
not included in the bearing capacity of the pile. 
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Modified method 
 

(i) The thickness of the weathered layer is decided 
through the modified classification method 
suggested in section 3.1. 

(ii) The average value of the engineering properties 
in weathered residual soil and weathered rock is 
used, respectively. 

(iii) The bearing capacity of the weathered rock 
layer is estimated by applying the specifications 
recommended in AASHTO (2010). 

(iv) The side resistance of dense weathered residual 
soil is evaluated through the IGM theory and is 
included in the bearing capacity of the pile. The 
side resistance (qs) can be estimated using the 
equation below. 
 
qs = σv’K0tanф,                                                 (3) 

 
where σv’ is the vertical effective stress, K0 is the 
coefficient of earth pressure stress at rest, and ф is 
the internal friction angle. 

 
The bearing capacities that were estimated using the 
two methods were compared with each other. As 
shown in Figure 4, the capacity estimated with the 
modified method was generally higher than that 
estimated with the conventional method. This 
tendency was caused by an increase of the side 
resistance, which resulted from an increase of the 
weathered rock socket depth and the additional 
resistance of the dense weathered residual soil. The 
weathered rock socket depth defined as the length 
from the boundary between the weathered residual 
soil and the weathered rock to the pile tip increased 
because the boundary was determined upwards by 
applying the unified criterion of 50 blows/15 cm and 
linear interpolation.  

Also, as the characteristics of the dense 
weathered residual soil are very similar to those of 
the cohesionless IGMs, the resistance of dense 
weathered residual soil, which is conventionally 
ignored, was estimated and added using the 
cohesionless IGM theory. Therefore, the bearing 
capacity determined by applying the modified 
method was estimated to be higher than that 
obtained using the conventional method. 

All the bearing capacities that were estimated 
using the conventional and modified methods were 
compared with the bearing capacity that was 
measured in the pile load test. The ratio of the 
measured capacity to the estimated capacity was 
defined as a K value to determine which method is 
more proper. The closer the K value is to 1, the more 
accurate the estimated capacity is. Figure 5 shows 
all the K values of each pile. Most of the K values 
that were evaluated using the modified method 
decreased and were closer to 1 compared to those 

that were evaluated using the conventional method. 
Therefore, the modified method, including the 
decision of the weathered layer and the application 
of the IGM theory, is more reasonable to use for 
estimating bearing capacity of the piles embedded in 
weathered rock. 

 

Figure 4. Ultimate bearing capacity estimated with the 
conventional method and the suggested method. 

 

 

Figure 5. Ratio of the bearing capacity measured in the load 
test to the capacity estimated with the conventional and 
suggested methods. 
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4 CONCLUSIONS 

In this study, the geomaterials of the weathered layer 
in Korea were investigated using the investigation 
site database to determine a more reasonable way of 
classifying the weathered layer. The 
recommendations for classifying the weathered layer 
from the existing literature were examined, and 
quantitative assessment based on test results of SPT-
N values was attempted. Then a modified 
classification method for the weathered layer was 
suggested and applied it to the bearing capacity 
estimation of the pile resting on the weathered 
layers. The following conclusions were drawn from 
this study: 

1) Several institutions in South Korea 
recommend engineering property types such as SPT-
N value, UCS, and RQD for classifying the 
weathered layer, but the types of engineering 
properties are not unified, and even if the 
engineering property type is the same, the suggested 
values are not equal to each other. Also, although 
researches on the applicability of the IGM theory to 
the weathered residual soil have been conducted in 
South Korea, criteria for IGM have yet to be 
reflected. 
 2) To obtain the distributions of the 
weathered layer, the SPT-N values recorded in 600 
boring logs were analyzed. The total number of 
SPT-N values that were used for weathered residual 
soil was 742, and that for weathered rock was 432. 
The SPT-N value from 0 blows/30 cm to 50 
blows/30 cm accounted for about 34%, and 24% of 
the dense weathered residual soil corresponded to 
the cohesionless IGM criterion. Also, 42% had an 
SPT-N value larger than the upper boundary (50 
blows/15 cm). 

3) A modified classification method was 
suggested. The boundary between the two weathered 
layers had an SPT-N value of 50 blows/15 cm, and 
dense weathered residual soil was defined using the 
cohesionless IGMs. Also, linear interpolation was 
suggested for consistent decision making on the 
boundary between the two weathered layers. 

4) The ultimate bearing capacities of the piles 
resting on the weathered rock were estimated to 
verify the feasibility of use of the modified method. 
The capacities that were estimated using the 
modified method were higher than those that were 
estimated using the conventional method, and were 
closer to the capacity measured in the load test. 
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