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Geotechnical site characterization of weak rock in Asuncion 
Caractérisation de site géotechnique de roche faible dans Asuncion 

J. Pavon & H. Cacace 
Consultant Engineers 

ABSTRACT
In the tunnel project for the sanitary sewer system of the Itay Basin, in Asuncion - Paraguay, a rock tunnel was excavated manually 
and with explosives in an urban area (280m). The application of the classification systems of rock mass RMR and Q, forecasting the
behaviour of weak rock in the construction method used, as well as an analysis of their use is described. Several geological and con-
structive challenges had to be solved such as the presence of fractures in the basalt rock combined with sandstone and silty cemented
sand below the water level and the minimum settlement tolerances required to minimize the risk of subsidence due to vibrations from
excavating. 

RÉSUMÉ
Dans le projet de tunnel pour le système d'égout sanitaire du Bassin Itay, dans Asuncion - le Paraguay, un tunnel de roche a été creusé 
manuellement et avec des explosifs dans une zone urbaine (280m). La demande des systèmes de classification de masse de roche
RMR et Q, prédisant le comportement de roche faible dans la méthode de construction utilisée, aussi bien qu'une analyse de leur utili-
sation est décrite. Plusieurs défis géologiques et constructifs ont dû être résolus comme la présence de fractures dans la roche de ba-
salte combinée avec le grès et le sable cimenté limoneux au-dessous du niveau d'eau et les tolérances de règlement minimales exigées
pour réduire au minimum le risque de l'affaissement en raison des vibrations de fouilles. 

1 INTRODUCTION

The tunnel project of Primer Presidente Avenue, was excavated 
in rock in an urban area in a 2.60m diameter, previous to the 
passage of the tunnel boring machine. This was necessary be-
cause the tunnel boring machine was not designed for these 
working conditions. 

In the initial stage preliminary studies were performed to 
provide the basis for the design (SPT and drilling holes), and 
these were intensified in the constructive stage (SPT and verti-
cal and horizontal drilling holes). With these data (Logos, 1996) 
it was possible to classify the rock mass, thereby forecasting the 
methodology of the underground excavation (very compact 
sand, sandstone and basalt). 

2 ROCK TUNNEL 

In the tunnel construction, two types of materials, soil and rock 
were found, made up of a very compact silty sand, sandstone or 
highly fractured basalt, either in alternate form or both at the 
same time. As the sandstone or the basalt present weak rock 
masses, the first one due to the lower resistance and the second 
because of the intense fractures (Hoek, 1998), in coincidence 
with the tunnel alignment. 

To estimate the stress in the rock mass, the Aftes (1992) rec-
ommendations were considered for sandstone and very com-
pacted sand below the water level, and for fractured hard rock. 
With the calculated values the support structure was designed. 
To define the blast use, tests were performed to determine the 
different parameters, such as rock volume to be removed, perfo-
rations (diameter, length, quantity and positioning), specific 
charge (Kg/m3) and instantaneous charge (Kg/retarded). As a 
comment we can say that the excavation section was of 
5.6m3/m, with an advance of 1m/day. 

3 ROCK MASS CLASSIFICATION 

The rock mass classification was performed according to the 
Rock Mass System (Bieniawski, 1973) and Q System (Barton, 
et al, 1974) criteria. The basalt classifies as a poor quality in the 
RMR factor and a very poor quality in Q factor. The classifica-
tion for the sandstone was very poor quality in the RMR factor 
and extremely poor quality in the Q factor. 

Analyzing the RMR system, it can be said that the resistance 
of the material appears in the classification without correlating 
to the work type, in other words, the forces that could be 
reached in the working condition, and that could lead to an in-
appropriate evaluation of the mass. The concept assigned by re-
sistance is more representative in hard rocks than in weak. A 
lack of sensitivity of the system is noticed in rocks of very low 
resistance; the performance range of compression tests is rela-
tively wide. Meanwhile, the determination of the index of point 
load test is not advisable for the performance range. The RQD is 
not always easy to evaluate individually, keeping in mind that it 
related directly to the joint. For weak rock masses the biggest 
problem is the determination of this parameter due to the sam-
pling, that is to say the recovery and the samples’ integrity. In 
the case of weak rocks, the RQD value should be, generally, be-
low 25, which makes the RQD not register the smallest values 
and it has the minimum as a limit. In other words, for  
0 <RQD <25 is a homogeneous material without appreciable 
differences. 

Without the compression resistance, that is a function of the 
rock material itself, the other parameters are due to the rock 
mass discontinuities, with an influence of 85% in the final 
evaluation of the mass quality; the mass behaviour was gov-
erned by the discontinuities and in a smaller proportion for the 
rock. This represents rock mass of a hard matrix very well, 
where the behaviour is dictated mainly by the matrix and not for 
the discontinuities, the system doesn't reflect the reality of the 
mass. 

1647

Proceedings of the 16th International Conference on Soil Mechanics and Geotechnical Engineering

© 2005–2006 Millpress Science Publishers/IOS Press.

Published with Open Access under the Creative Commons BY-NC Licence by IOS Press.

doi:10.3233/978-1-61499-656-9-1647



Analyzing the diverse parameters considered in the system,
it is found that in the RQD, for example, consider (indirectly)
the spacing among the joints. The quality of the very poor rocks
have improved their properties if the RQD is smaller than 10; 
therefore in all the parameters situations exist that influence the
determination of the RQD. 

If we analyze the formation of the system, an interdepen-
dency is noticed among the parameters hindering an analysis of
the influence of each one of them (separately) in the classifica-
tion, and some of these limitations can be observed considering
the relative proportion of the quantities within the classification,
because depending on the main condition of the job, it will be
possible to attribute, exceptionally, a bigger percentage to a
more relevant parameter within the classification. For example,
the influences of the discontinuities present several factors such
as RQD, spacing, type and orientation, including the permeabil-
ity of the rock mass and the filtration characteristics. On the
other hand, the sum among the parameters could be a limited
method to evaluate the mass. If the different characteristics of
the masses can be framed in a single mass class, the behaviour
to a certain work type could be very different. In other words,
when the values of the parameters are added, the compromising
characteristics are practically compensated by better characteris-
tics, which concentrate the values near the average. However,
the main advantage of the RMR system is the simplicity of us-
ing it. 

Barton et al (1974) considers the parameters Jn (influence in-
dex of number of families of the fractures), Jr (index of influ-
ence of roughness of the surface fractures) and Ja (index of in-
fluence of the alteration of the surface fractures) as more
important than the orientation of the discontinuity, because if
the orientation was included, then the classification won´t be
general. Nevertheless, the orientation is implicit in the parame-
ters Jr and Ja, because they are applied to the unfavorable joints.
The joint numbers in the Q System is very well described by
families. The quotient RQD/Jn represents the rock mass struc-
ture; with values that vary from 200 to 0.5, because it is consid-
ered that the minimum RQD is 10 (with a theoretical maximum
of 25 in sandstone) and Jn varies from 0.5 up to 20. As the RQD 
also this influenced by the degradation, low values of RQD due
to rocks of low resistance diminish the value of this fraction
sensibly, still penalizing the classification. The description of 
the roughness of the joints is very detailed, the same as the al-
teration degree and the filler along the joints, conditioning fac-
tors of the shear resistance.
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One of the principles advantages of the Q System is it high 
sensitivity to the influence of the discontinuities, considered the
factor of highest importance to estimate the behaviour of under-
ground excavations; also the multiplication of the terms in its
formulation allows an attenuation of low values of the parame-
ters. An individual analysis of the influence of the same enve-
lope for the final weight of Q, for the same expression used in
this classification, the product of parameters, is very difficult to
establish.

Figure 1. Rock volume retired with blasting.

As in the case of the RMR, the conception of the Q system
was guided to hard rock mass, not being very representative for
weak rock, because again the emphasis is on the discontinuities.

In relationship to the number of families, roughness, altera-
tion degree and filler along the joints, they constitute parameters
of classification of the discontinuities that don't have pre-
eminence on the weak rocks of soft matrix, which are different
from hard matrix, where it is influential. For the water flow, the
same analysis carried out in the RMR is also valid for the Q.

An excellent point of the Q System is that for the conditions 
of tension in the mass that takes into consideration the main ten-
sions that actuate. The value of the factor of reduction of the 
tension is obtained starting from the saturation of the samples
analyzed for the determination of the resistance to the simple
compression test and of the largest main tension. However, this
parameter analyzes the condition of the mass without assisting
to the type of solicitation to which it will be subjected. The SRF 
(stress reduction factor) foresees several rock types and resis-
tance levels for different situations. It is interesting to empha-
size that the condition of total saturation constitutes the worst
hypothesis, which cannot necessarily be presented (the sand-
stones in its natural condition are partially saturated).
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Figure 2. Correlations between QxRMR for 273 cases. 
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The Figure 2 shows a good correlation between the RMR 
and Q Systems, with a certain dispersion. Costa Pereira & Rod-
rigues Carvalho (1986) commented that, in practice, the differ-
ence between the systems occurs, mainly, in rock masses of 
poor quality. In 273 citations mentioned in the literature, a cor-
relation R2=0.69 was verified: 

RMR=7lnQ+46                                                                    (1) 

Other correlations mentioned in the literature are: 

RMR=9lnQ+44                                                                    (2) 

RMR=10.5lnQ+42                                                               (3) 

RMR=15logQ+50                                                                (4) 

Expression (2) was formulated by Bieniawski (1976), (3) by 
Abad et al (1983) and (4) by Barton (1995). 

4 SUMMARY AND CONCLUSIONS 

The exploration of the subsurface, intensified during the execu-
tion of the project, allowed the normal advance of the project in 
time and in form. In projects of great span, and particularly in 
jobs of a lineal nature such as a tunnel, the design is continu-
ously “evolving” reaching the degree of constructive project 
newly in the as built designs. 

With the experience obtained on this project, as well as of 
the RMR and Q Systems used, it can be concluded that: 
-  a good geotechnical mapping is an indispensable require-

ment. 
-  in hard rock masses the classification systems presented are 

very consistent. 
-  difficulties are observed in the systems to classify weak rock 

masses with soft rock matrix, as a sandstone. 

The geotechnical mapping carried out constituted strong 
support for a better knowledge of the coincidently existing ma-
terials with the advance of the tunnel, mainly those located in 
the border between rock and soil. Although it has limitations, 
the rock mass classification allowed an anticipation of the weak 
rock mass behaviour in the construction method. 
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