
 
www.cafetinnova.org 

Indexed in 

Scopus Compendex and Geobase Elsevier, Chemical 

Abstract Services-USA, Geo-Ref Information Services-USA, 

List B of Scientific Journals, Poland,  

Directory of Research Journals 

 

ISSN 0974-5904, Volume 08, No. 02 

 
 

  April 2015, P.P.386-390 

 

 

 

#SPL02080264 Copyright ©2015 CAFET-INNOVA TECHNICAL SOCIETY. All rights reserved. 

An Integrated Approach to Classify Earth’s Strata for Open 

Excavation 
 

G C NAVEEN
1
 AND B V RAVI SHANKAR

2 

1
National institute of rock Mechanics, Bangalore, Karnataka  

2
BMS College of Engineering, Bangalore, Karnataka 

Email: gcnaveen@ymail.com 
 

 

Abstract: Classification of soil and rocks based on a classification index which is related to physical characteristic 

is very empirical and rippability guidelines based on the Caterpillar Performance Handbook (1979-1990) were found 

to be over optimistic and are not suitable to be applied at the excavation sites. An attempt is done in this research 

project to overcome the problems arise from conflicting claims as where the transition zone between soil and rock 

really exists in excavation work and develop a new method of soil and rock classification for geological engineering 

study to determine the stiffness properties of earth material using integrated approach. Normally materials from 

weathering of bedrock can have considerable variation in physical and mechanical properties (Bell, F.G). These 

properties are influenced by nature (type) of bedrock, geology, topography and geomorphology, groundwater 

circulation and mechanical performance of excavation machines. As such a classification system is to define the 

boundary between soft and hard rock that are to be excavated. The tool used to define boundary is the seismic 

refractive survey and the profile in correlating with the core obtained from core drilling or free face obtained after 

excavation and UCS of tested samples. 
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1. Introduction 
 

Strata classification is one of the main input parameter 

for any excavation on the Earth’s crust. The Earth’s 

crust is too undulating and varies with respect to 

geological and geotechnical features [1]. At present 

there is no standard classification technique available 

for the open excavations. This has misguided the 

operator to adopt a non-particular method for strata 

classification. In most of the cases strata classification is 

done by empirical methods or by trial pits and the 

results is often misleading. The second alternative is by 

core drilling which is both costly, time-consuming and 

point oriented information. The existing system of 

classification is useful for support design in 

underground mines and tunnels [2]. It is observed that 

weathering of bedrock leads to considerable variation in 

physical and mechanical properties of the rock. These 

properties are influenced by nature (type) of bedrock, 

topography, nature of effects on the bedrock and 

geological features (Goodman R.E). Even though 

laboratory testing of rock samples leads to higher 

strength, it is physically possible to excavate the rock 

under heavily jointed conditions [3]. In certain cases the 

rock sample tested will provide less value but the strata 

cannot be excavated by normal excavating equipment. 

Thus scale effect comes into play in the overall 

behaviour of the Rockmass. 
 

Today open excavation is not limited to shallow depths, 

the excavation is been done up to a depth of 15 to 20m 

from the surface in both urban area as well as in rural 

areas to fulfil the needs of civilisation [8]. In most of the 

areas ordinary rock/hard rock is encountered at this 

depth. The use of crust layer varies from rural to urban 

areas. The crust layer is used for agricultural purpose, 

Construction of dams, channels, tunnels, buildings, 

underground metro stations, LPG and weapons storage 

cravens, mining, etc (Ronald E Smith). To excavate the 

ordinary rock/hard rock different methods are adopted 

like mechanical breaker, feather and wedge method, 

chemical compound, drilling and blasting etc. [4]. Out 

of many excavation methods drilling and blasting is one 

of the cost effective method when the blasting is 

executed in controlled manner. To avoid the situations it 

is proposed to utilize the surface exploration technique 

to classify the soil and rock before operating the open 

excavation. 
 

2. Methodology 
 

The main objectives of strata classification using 

integrated method is to provide safe, cost effective and 

to achieve maximum efficiency from the adopted 
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techniques for excavation. An extensive field survey 

was involved to collect surface wave data, UCS and 

geological and geotechnical data. Studies were carried 

out to assess the strata under the categories specified as 

soil, ordinary rock and hard rock for the excavations 

undertaken of earth strata to facilitate foundation of 

various structures, utility tunnel, etc. Normally the strata 

classification, quantification and excavation activity 

starts on the basis of the data available from the point 

source [6]. The open excavation depends on the terrain 

of the area and design of infrastructure to be constructed 

in that area. As the excavation progress the unexpected 

ordinary rock/hard rock this was in the alignment of 

point sampling present at certain depth halts the 

progress. This is because the machineries that are 

adopted for the excavating the soil of lower strength are 

not capable to excavate hard rock of higher strength. At 

this stage, to make necessary arrangements to excavate 

the hard rock is time consuming and there exists huge 

financial losses which results in increase of project cost 

and which have a direct influence of economic growth 

of the country. 
 

To overcome this problem an integrated method of 

strata classification was adopted at two sites, one at 

Bangalore and another at Chennai to classify the strata 

into soil, ordinary rock and hard rock. These two areas 

have varying rock mass, different geological features, 

fluctuating ground conditions, erratic design parameters, 

dissimilar ground water table, etc.. Based on different 

classification systems for various natures of excavation 

and the experience of the authors in similar projects, the 

integrated approach for strata classification system in 

the form of a flow chart involving various field and lab 

tests was evolved as shown in Figure 1. 
 

 
 

Figure 1 Methodology adopted for strata classification
 

 

The technique involves an integrated approach wherein 

seismic refraction survey, geological and geotechnical 

studies, borehole rock quality designation (RQD) and 

uniaxial compressive strength values are used for strata 

classification. In order to overcome the averaging effect 

of P-wave velocity of subsurface horizons, Point load 

and Schmidt hammer tests were conducted on selected 

samples of different rock types so as to estimate the 

uniaxial compressive strength indirectly at site. 
 

Geological mapping of different rock types, facies and 

dip/ joints were done for a realistic estimate of 

subsurface condition after the excavation is done. Using 

these three parameters (geophysical, geological and 

geotechnical), an integrated index was developed for 

arriving at the most appropriate classification by giving 

due weightage to each factor. In order to test the 

proposed approach, an extensive field survey was 

involved to collect surface wave data at selected sites 

and to conduct spectral analysis of the wave in order to 

obtain the shear modulus profile of the subsurface 

material. 
 

First the subsurface was scanned upto a depth of 20m by 

seismic refraction method, then samples were tested for 

uniaxial compressive strength at site and at 

laboratory[10]. Based on the seismic refraction studies 

(p-wave velocity), RQD, point load test values, Schmidt 

hammer values and laboratory determined UCS, the 

strata was classified into three strata units such as soil, 

weathered rock and massive rock. Thickness of 

subsurface horizons was determined from seismic 

sections, borehole data (RQD) and geological survey of 

exposed faces at every 5m interval. Large variation in 

the strata was observed with the predominant rock being 

charnokite at Chennai site and plutonic igneous rock at 

Bangalore site. Large variation in the strata thickness 

was observed with the predominant rock being 

charnokite at Chennai site. Various degrees of 

weathering were observed in each site which has 

yielded five strata units such as soil, residual rock, 

fragmented rock, unfragmented rock and massive rock 

(figure 5). The method involving seismic refraction (P-

wave velocity), geological cum geotechnical studies and 

uniaxial compressive strength were used for strata 

classification and excavability assessment. Seismic 

refraction survey was carried out in all the accessible 

areas. Point load and Schmidt hammer tests (Güney, R. 

Altındağ, H. Yavuz & S. Saraç ) were conducted for 

estimation of indirect uniaxial compressive strength. 

Representative samples were taken for laboratory 

studies to determine their uniaxial compressive strength. 

The study gave the clear overview of cost minimization 

and improvement in functionality of excavating the 

strata. The P-wave varied from 400 to 3000m/s for soil 

and hard rock respectively and uniaxial compressive 

strength exceeding varied from 3 to 268MPa. Based on 

the geological sections, seismic refraction studies (p-

wave velocity), point load test values, schmidt hammer 

values, estimated UCS and laboratory determined UCS, 

the strata was classified into three strata units such as 

soil+residual rock, ordinary rock and massive rock. 
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3. Discussion of Experimental Results 
 

Based on the seismic refraction studies (p-wave 

velocity), geological sections, point load test values, 

Schmidt hammer values, estimated UCS and laboratory 

determined UCS, the strata was classified into 

soil+residual rock, ordinary rock and hard rock. 
 

3.1. Strata Classification using Seismic Refraction 

Survey 
 

The seismic refraction survey was carried out for a 

stretch of 1000m in the proposed excavation site. The 

seismic section gives information about the subsurface 

stratigraphy in terms of their seismic velocities [4]. The 

output of seismic refraction survey is a plot of seismic 

velocity contour vs. depth. Seismic velocity of a 

medium (layer) is reflective of its rippability and 

excavability character. One of the seismic processed 

section of Chennai site is given in figure 2. As per these 

criteria any medium with a velocity above 1100m/s and 

uniaxial compressive strength of over 12.5 MPa is non-

rippable and is classified as ordinary rock. Based on this 

criterion the P-wave velocity of the subsurface layers is 

classified into three segments i.e. 400-1100m/s , 1100-

1850m/s and >1850m/s corresponding to top soil, the 

ordinary rock and hard rock respectively. 
 

0 20 40 60 80 100 120 140 160 180 200 220

88
89
90
91
92
93
94
95
96
97

SEISMIC SECTION ALONG THE LINE ITEC1

SITE: INTERNATIONAL TERMINAL CONSTRUCTION AREA
(Eastern Edge of Excavation)

LINE DIRECTION: NORTH EAST-SOUTH WEST

R
L

 
in

 
m

e
t
r
e

s

Distance in metres

D
e

p
t
h

 
in

 
m

e
t
r
e

sTop Soil

Ordinary Rock

Top Soil

International Terminal

Chennai Airport

GM 0 9 0 1 (GP)

Ordinary Rock

1

3

5

7

9

8

6

4

2

0

10

400-1100 1100-1850

velocity scale (m/s)

1850-3000  
 

Figure 2 Seismic section demarcating soil, ordinary 

rock and hard rock 
 

3.2. Strata Classification using Strength Properties 
 

Standard test procedures prescribed by International 

Society for Rock Mechanics (ISRM) was used to 

determine uniaxial compressive strength (UCS) of the 

rock samples collected from site. UCS was determined 

by point load testing, schmidt hammer testing and by 

lab testing. The indirect method of determining UCS by 

Point load strength and Schmidt hammer test was 

conducted for the samples picked at every 5 m interval 

along the geological section lines. Core samples were 

drilled from 1*1*1m3 size samples picked from site and 

the compressive strength was determined at laboratory 

by using 300 tonne Compression Testing Machine 

(Figures 3) as per the Standards. The summary of 

estimated UCS values is given in table 1. 
 

 
 

Figure 3 Testing of samples for UCS using 300 tonne 

compression testing machine 
 

Table 1 Average estimated UCS values for the 

excavated area 
 

Estimated UCS (MPa) from Point load test 

 
Maximum Minimum Average 

North face 169.58 2.79 47.53 

West face 160.76 11.98 47.4 

South face 189.52 3.5 45.39 

East face 123.61 7.3 69.68 

Estimated UCS (MPa) from Schmidt hammer 

 Maximum Minimum Average 

North face 43.29 4.09 15.84 

West face 78.1 4.09 29.46 

South face 43.29 4.09 14.57 

East face 78.1 4.09 26.83 
 

The laboratory determined UCS ranged from 83 to 221 

MPa. The estimated UCS from point load test ranged 

from 45 to 70 MPa and it varied from 15 to 30 MPa for 

Schmidt hammer. Based on UCS values, the strata in 

the above studies are distinctly falling in “Moderately 

hard rock (12.5 to 50 MPa) to Hard rock (50 – 100 

MPa)” categories with respect to excavability. The UCS 

values exceeding 12.5 MPa can be categorised as 

“ordinary rock”.  The UCS values below 12.5MPa can 

be categorised as soil stratum and the UCS more than 50 

MPa are considered as hard rock. The large variation 

noted in the UCS indicates that, the performance in 

terms of energy consumption, output etc. of the 

excavation technique may also vary accordingly. 
 

3.3. Strata Classification based on Geological cum 

Geotechnical Studies 
 

Detailed geological and geotechnical studies were 

conducted on the exposed faces after the excavation is 

completed. Strata variation was demarcated by drawing 

the geological Sections vertically at every 5m interval to 

full height of the walls. The geological section mapped 

for one of the faces is given in figure 4. The lines 

demarcating soil, ordinary rock and hard rock are 



389 
G C NAVEEN AND B V RAVI SHANKAR 

International Journal of Earth Sciences and Engineering 

ISSN 0974-5904, Vol. 08, No. 02, April, 2015, pp. 386-390 

clearly indicated in the sections. The contour lines for 

ordinary rock and hard rock were drawn by correlating 

with uniaxial compressive strength and the seismic P – 

wave velocity data which was matching around 95%. 
 

 
 

Figure 4 Cumulative Geological Section along one of 

the face 

 

3.4. Estimation of Volume 
 

Based on the geological sections, seismic refraction 

studies (p-wave velocity), point load test values, 

Schmidt hammer values, estimated UCS and laboratory 

determined UCS, the strata was classified into 

soil+residual rock, ordinary rock and hard rock (figure 

5). 
 

 
 

Figure 5 Classification of strata into soil, residual rock, 

weathered rock and hard rock 
 

The average thickness of all the faces was considered 

for volume calculations. The strike and dip of  

formations were carefully studied for isolating the 

strata. Accordingly the volumes caluclated at chennai 

site for soil+residual rock, ordinary rock and hard rock 

are given in Table 2. 
 

Table 2. Estimated volume of soil, ordinary rock and 

hard rock 
 

Estimated 

Volume 

Soil + residual rock 1,03,815 m
3
 

Ordinary rock 1,28,520 m
3
  

Hard rock 86,759 m
3
 

 

4. Conclusions 
 

More importance has to be given for strata classification 

during exploitation stage. Non-availability of qualified, 

trained and motivated manpower in adopting perfect 

means of classification and excavation has lead the 

industry into great problems. Sufficient funds needs to 

be allotted for pre investigation of the site to be 

excavated thus avoiding the unexpected issues with 

respect to strata. Also in future the excavation to greater 

depths increases and rural/city/town continues to 

expand, to avoid the unexpected outcome adoption of 

perfect acceptable strata classification method is very 

important. But most of the existing construction projects 

are facing difficulty in excavation stage when they 

encounter unexpected hard rock during excavation. In 

such cases it is not possible to change the design of the 

project or stop the project, the only way is to excavate 

the required area by drilling and blasting or with 

application of mechanical means. When the strata are 

classified to whole area by adoption integrated method, 

the industry and engineers will greatly be benefited. The 

strata to be excavated are identified during the 

investigation stage itself so that extra care shall be taken 

during excavation process and design. This study relates 

to classification of strata by adopting integrated 

methods that are available and relating the end data to 

excavabality and rippability characterises. Apart from 

classifying the strata by adopting integrated method, the 

other parameters that are directly involved in excavation 

process are also identified. The parameters that can be 

directly determined are area and volume of the 

excavation site which is very important during 

preparation of method statement. Methods to be adopted 

to excavate the area is distinguished before the 

commencement of operation, the cost figure that has to 

be involved in excavation process is identified, the time 

schedule for excavation process is pre-determined, the 

market value of strata (granite or marble that can be 

processed as flooring slabs, aggregate for manufacturing 

sand, pebbles, etc.) that has to be excavated can be 

determined by testing physic-mechanical properties of 

the strata. 
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