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Earth pressures against the excavation wall in a jointed rock mass
M. Son & S. Adedokun
Daegu University, Gyeonsan, South Korea

ABSTRACT: This paper examined the magnitude and distribution of earth pressure against the excavation
wall in a jointed rock mass. Based on a physical model test and its numerical simulation, extended parametric
studies were conducted considering different rock and joint conditions. The results of earth pressure in a jointed
rock mass were compared with Peck’s empirical earth pressure for soil ground. The comparison indicated that
the earth pressure in a jointed rock mass can be significantly different from Peck’s earth pressure. Accordingly,
the effect of rock and joint conditions should be considered when designing the excavation wall in a jointed
rock mass.
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INTRODUCTION

Many studies have examined the earth pressure
against an excavation wall, including Peck (1969),
Tschebotarioff (1973), and Weatherby (1998), which
are mostly applicable to soil grounds such as sand and
clay. Among them, the empirical earth pressures proposed by Peck (1969) and Tschebotarioff (1973) have
been widely used in practice for designing excavation support systems under soil conditions. Because
previous studies have generally focused on soil-based
measurements, it is unclear whether the findings could
be extended to rock strata. Few studies have examined
the earth pressure on support systems in rock strata
by considering the ground-wall interactions and rock
and joint characteristics, which are important factors
influencing the magnitude and distribution of earth
pressure. This is likely due to the complexity and
difficulty of examining the interactions between the
wall and jointed rock mass. Recently, Son (2013), and
Son and Park (2014) reported the results of the earth
pressures in jointed rock masses. The results clearly
showed that the earth pressure can be higher for rock
strata than soil ground when the rock and joint characteristics are under unfavorable conditions, such as a
joint condition that induces sliding as well as weathered joint and rock conditions. On the other hand, the
results showed that the earth pressure might be much
lower than the soil ground when the rock conditions
are favorable.
This conference paper provides some parts of the
results that have been presented in the previous study
and the examined results are expected to provide
a better understanding of earth pressure against the
excavation wall in a jointed rock mass.

NUMERICAL APPROACH

Based on a physical model test and its numerical simulation (Figs. 1 and 2), extended parametric studies
were conducted considering different rock and joint
conditions.
A numerical approach was described in the previous studies (Son, 2013 and Son and Park, 2014), but
it is briefly described again. The 2-D Universal Distinct Element Code (UDEC, 2004) was adopted. The
rock blocks, wall and struts were simulated as separate
elastic units. The joints between the rock blocks and
the interfaces between the walls and rocks were modeled using the Coulomb slip model.The analysis model
for this study was 68.8 m × 31.5 m, and the excavation
wall, which was a soldier pile and timber lagging wall,
was installed to a depth of 20.5 m (Fig. 3).
The excavation width was assumed to be 20 m and
the final excavation depth was 19 m. Eight stages of
excavation were carried out to obtain the distribution
and magnitude of the earth pressure. Before the first
excavation, an initial equilibrium was obtained with an
earth pressure coefficient of 0.5 at rest. At this stage,
the boundary condition was a roller at each end of
two vertical boundaries and at the bottom boundary.
After ensuring the initial equilibrium conditions, all
displacements were reset to zero, and the wall was
installed to a depth of 20.5 m. The first excavation was
conducted up to 1.0 m, followed by the installation of
the first strut at 0.5 m over the excavation line.After the
first excavation, additional excavation work was performed every 3 m, followed by strut installation at 3 m
intervals, which was 0.5 m above each excavation line,
whereas wall stabilization was confirmed after each
excavation stage. The final excavation was carried out
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up to 19.0 m, and the strut was not installed at the
final stage. The study considered hard and moderately
weathered rock types, and the joint property of each

rock type was classified as good, fair, poor, or very
poor (see Table 1).
The joint inclination angles were 0◦ , 30◦ , 60◦ , and
90◦ , which were measured in the counterclockwise
direction from the horizontal lane.
3

RESULTS AND ANALYSES

Fig. 4 compares the apparent earth pressures for hard
rock due to the varying joint shear conditions and joint
inclination angles with Peck’s empirical earth pressure
based on the sand ground with a friction angle of φ =
35◦ . Here the apparent earth pressure was calculated
using the method in Peck (1969). In other words, the
magnitude and distribution of earth pressure on the
support system were inferred from the strut load.
Fig. 5 shows the ratio of total earth load per meter
of wall induced from the numerical analysis for hard
rock under various joint shear conditions and joint
inclination angles to Peck’s empirical earth load per
meter of the wall for the sand ground.
For the joint inclination angle of 30◦ , the apparent
earth pressures were higher than those of the joint inclination angle of 0◦ under all joint shear conditions, but
the pressures were lower than Peck’s earth pressure.
The increase in earth pressure was more significant

Figure 1. Set-up for a physical model test.

Figure 2. Comparison of the results between the model test
and the numerical simulation.

Figure 3. Numerical modeling (a case of joint inclination
angle of 60◦ with 1.0 m joint spacing).

Figure 4. Earth pressure distribution and magnitude under
various joint shear conditions (Hard rock).

Table 1. Properties of wall, rocks, joints, and interfaces in the extended numerical analysis.
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Figure 5. Comparison of the total earth load per meter of
wall between the numerical tests for hard rock and Peck’s
empirical method.

Figure 7. Comparison of the total earth load per meter of
wall between the numerical tests for moderately weathered
rock and Peck’s empirical method.

For the joint inclination angle of 60◦ , the apparent
earth pressure under the poor joint condition was similar to Peck’s earth pressure along the wall.The apparent
earth pressure under the very poor joint condition was
higher than that suggested by Peck but was similar to
those for hard and slightly weathered rocks with the
joint inclination angle of 60◦ . The ratio of total earth
load was 0.96 under the poor joint condition and it was
1.26 under the very poor joint condition.
4
Figure 6. Earth pressure distribution and magnitude under
various joint shear conditions (Moderately weathered rock).

under poorer joint shear condition. The ratio of total
earth load (induced earth load/Peck’s earth load) was
only 0.02 under the good joint condition and it was
0.49 under the very poor joint condition.
For the joint inclination angle of 60◦ , where joint
sliding was induced, the apparent earth pressure was
significantly different from the results of the other joint
inclination angles. The overall distribution of apparent
earth pressures was higher at the upper part of the
wall and decreased with depth.The maximum apparent
earth pressure at the upper part of the wall was higher
than Peck’s earth pressure, regardless of the joint shear
conditions, although it decreased with depth, except
under the very poor joint condition. The ratio of total
earth load was 0.74 under the good joint condition, and
it was 1.23 under the very poor joint condition.
Fig. 6 compares the apparent earth pressures for
moderately weathered rock. Fig. 7 shows the ratio of
total earth load per meter of wall induced from the
numerical analysis for moderately weathered rock.
For the joint inclination angle of 30◦ , the distribution of apparent earth pressure was similar to that of
the joint angle of 0◦ but was of greater magnitude.
The apparent earth pressures under the poor and very
poor joint conditions were much higher than those
of hard and slightly weathered rocks with the joint
inclination angle of 30◦ . The ratio of total earth load
was 0.66 under the poor joint condition and it was
0.89 under the very poor joint condition.

CONCLUSIONS

This paper examined the magnitude and distribution of
earth pressure against the excavation wall in a jointed
rock mass. Following conclusions were drawn.
The worsening of rock condition produced an
increase in earth pressure However, when there is joint
sliding, the earth pressure is less likely to be dependent on rock type, although the distribution of earth
pressure may take on different shapes. The joint shear
condition and joint inclination angle had a significant
effect on earth pressure in jointed rock mass and there
was a significant increase in earth pressure as the joint
condition deteriorated and the joint slid. As rock conditions worsened, the rate of increase in earth pressure
was more apparent under better joint conditions.
The magnitude and distribution of earth pressure
on the strut-supported systems of open cuts in jointed
rock masses were strongly dependent on the type of
rock, the joint shear condition and the joint inclination angle. The results clearly suggested that the
earth pressure in jointed rock masses can be significantly different from that in soil ground depending
on rock and joint conditions. Therefore, these factors should be taken into consideration when designing wall systems in jointed rock masses safely and
economically.
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