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ABSTRACT. Several attraction places and agricultural areas essential for tourism and vil-
lager to do their activities are located approximately 6 km along the road from Candi
Ijo to Ngoro-Oro in between Prambanan and Patuk sub-districts Yogyakarta, Indonesia.
The jointed rock masses along the road have the potential to fail. This paper describes
rock masses’ engineering characteristics and classifications along road sections from Pram-
banan to Patuk, Yogyakarta. The rock masses were characterized based on the Geological
Strength Index (GSI) and Rock Mass Rating (RMR) parameters. Laboratory tests were car-
ried out to determine the intact rocks’ Uniaxial Compressive Strength (UCS). The results
show that the rock masses in the study area consisted of tuffaceous sandstone, fine tuff,
coarse tuff, cemented tuffaceous sandstone, lapilli tuff, sandstone, laminated mudrock,
and laminated tuffaceous sandstone. The rock masses had disintegrated, moderately dis-
turbed, blocky, and very blocky structures and dominantly low weathering degrees. The
intact rocks were classified as weak to very strong rocks. The discontinuities typically
had medium to high persistence, close to wide spacing, very tight to wide apertures, and
smooth to slightly rough surfaces. In addition, the discontinuities dominantly had no
infillings, although discontinuities filled with less than 5 mm thick calcite were also com-
monly observed at several locations. The rock masses were completely dry during the
field observation. Based on the RMR, the rock masses were classified as fair to good rocks.
A new relationship between the GSI and RMR was suggested in this study.

Keywords: Engineering characteristics · Geological Strength Index (GSI) · Prambanan to
Patuk · Rock Mass Rating (RMR) · Semilir Formation.

1 INTRODUCTION

The rock mass is an essential natural structure
for rock mechanic engineering study when de-
signing construction projects such as a dam,
tunnel, and road cut (Hudson and Harrison,
1997). The stable rock mass structure will pro-
duce a high strength of the structure quality
where the slopes geometry, groundwater, and
geological condition act as the controlling fac-
tors of the stability.

Studying rock masses’ geological condition
and engineering properties is vital to prevent
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rock slope failure hazards leading to an ac-
cident, loss of properties, and high mainte-
nance costs. According to Basahel and Mitri
(2017), four methods can determine rock slope
stability: kinematic, limit equilibrium, numer-
ical, and empirical analyses. The rock mass
classifications of Rock Mass Rating (RMR) (Bi-
eniawski, 1989) and Geological Strength Index
(GSI) (Marinos and Hoek, 2000; 2001) used in
this study were the empirical methods. Both
rock mass classifications were used to evalu-
ate the quality of rock masses comprising the
slopes.

According to Pantelidis (2009), several rock
mass classification systems are used for tunnel-
ing and underground mining, namely Q and
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RMR. According to Basahel and Mitri (2017),
these rock mass classifications are only suitable
for structurally controlled failures. For non-
structurally controlled failures, the Geological
Strength Index (GSI) by Hoek et al. (1995) is
more suitable. This classification is applied by
visually examining rock masses exposed in out-
crops, such as road cuts. According to Marinos
and Hoek (2001), the quantification system is
valid for rock masses classified in a range of 35
< GSI < 75.

Several tourist attractions and agricultural
areas essential for tourism and villager to do
their activities are located approximately 6 km
along Candi Ijo to Ngoro-Oro in between Pram-
banan and Patuk sub-districts (Figure 1). Many
jointed rock masses have the potential to fail
beside the road. The study area is located in
the Southern Mountains of Central Java. The
Southern Mountains are occupied by structural
hills consisting of several rock formations, such
as Semilir, Nglanggran, and Kebobutak Forma-
tions. The rock formations comprise steep to
very steep slopes. According to Surono et al.
(1992), there are two regional faults: strike-slip
and normal fault close to the study area. The
study area and the surroundings have a high to
very high susceptibility to a landslide (e.g., San-
tosa, 2005; Priangga et al., 2018).

This paper presents the engineering charac-
teristics of the rock masses of the Semilir For-
mation along the road of Prambanan and Patuk
sub-districts. The results presented in this pa-
per were essentially the preliminary results of a
study to evaluate the stability of the rock slopes
along the road of Candi Ijo to Ngoro-Oro.

2 METHOD

Fieldworks and laboratory tests investigated
the engineering characteristics of the rock
masses in the study area. Five outcrop sta-
tions were selected in the Semilir Formation,
namely STA1, STA2, STA3, STA4, and STA5, as
shown in Figure 1. The outcrops were selected
due to the high susceptibility to landslide, steep
to a very steep slope, and similarity in the litho-
logical units. Each outcrop was divided into
sections having similar rock types and dif-
ferent intensities of geological structure. The
window mapping length for each section was
4 m. The rock type was identified based on

the classifications proposed by Pettijohn (1975)
and Schmid (1981). The rock mass classifica-
tions were based on the GSI and RMR systems.
The general GSI chart for common rock mass
suggested by Marinos and Hoek (2000) and
the modified GSI chart for heterogeneous rock
masses developed by Marinos and Hoek (2001)
was used to determine the rock mass quality
on the GSI. The parameters considered in the
GSI are rock mass structure and condition of
discontinuity surface. The parameters used in
RMR classification were Unconfined Compres-
sive Strength (UCS) of intact rock, Rock Quality
Designation (RQD), the spacing between dis-
continuities, conditions of discontinuities, and
groundwater condition. The UCS values were
obtained by converting the point load index
values following the Equation 1 expressed as
(Bieniawski, 1975).

UCS = 24 Is(50) (1)

where Is(50) = point load index of rock sam-
ple having 50 mm diameter.

The RQD was taken in the field by using the
suggested Equation 2 proposed by Priest and
Hudson (1976).

RQD = 100e−0.1λ (1 + 0.1λ) (2)

where:

λ =
number o f discontinuities

length (m)
(3)

where λ is known as the total joint frequency.
The total joint frequency formula can be calcu-
lated by discontinuities total number intercept-
ing at length (L) in any interest direction. In
RMR calculation, the summation rating of pa-
rameters is shown in the Equation 4.

RMR = R1 + R2 + R3 + R4 + R5 (4)

where R1 = UCS; R2 = RQD; R3 = discon-
tinuity spacing; R4 = discontinuity conditions
(persistence, aperture, roughness, infilling, and
weathering); and R5 = groundwater condition.
The field descriptions of intact rock strength,
spacing and discontinuities, and groundwater
conditions followed the ISRM (1978). Hoek et al.
(1995) proposed an equation to determine the
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FIGURE 1. Location of the study area.

relationship between GSI and RMR for RMR
>23 as follows:

GSI = RMR89 − 5 (5)

where RMR89 is a basic rock mass rating with
the groundwater rating = 15 (dry) and the ad-
justment for joint orientation = 0 (very favor-
able).

3 RESULTS AND DISCUSSION

Figure 3 shows the rock masses at the STA1
that consisted of tuffaceous sandstone and fine
tuff. The UCS values of the intact rocks of
the tuffaceous sandstone and fine tuff were 20
and 15 MPa, respectively, which were classi-
fied as weak intact rocks. Slightly weathered
rock masses dominated this station. However,
section D consisted of moderately weathered
rock masses (Figure 2). The rock masses had
RQD values ranging from 51 to 95 % and mostly
blocky to very blocky rock mass structures.
The discontinuities had typically less than 10 m
persistence (medium persistence), 60–600 mm
spacing (close to moderate spacing), less than
1 cm aperture width (very tight to wide aper-

ture), slightly rough surface, and several types
of infillings, such as sand and oxide materials.
The rock masses were completely dry during
the field observation. Figure 8 shows the qual-
ity of the rock masses at the STA1. Based on the
RMR, the rock masses at this station were clas-
sified into fair to good rock.

Figure 4 shows the lithologies at the STA2,
which consisted of coarse tuff and fine (vitric)
tuff. The rock masses were divided into two
zones (Figure 2). Both zones dominantly con-
tained slightly weathered rock masses. How-
ever, the rock masses in Zone 2 were partly
altered into moderately weathered. The aver-
age UCS values of the intact rocks of the coarse
tuff and vitric tuff were 23 and 16 MPa, re-
spectively. Both lithologies were classified as
weak intact rocks based on the UCS values.
The coarse tuff rock masses had 91 to 99 %
RQD values and a blocky structure. The dis-
continuities had 1–10 m for persistence (low
to medium persistence), 60–2000 mm spacing
(close to wide spacing), less than 10 cm aper-
ture width (very tight to moderately wide aper-
ture), slightly rough surface, and mostly no in-
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FIGURE 2. Photographs of rock masses in the study area: a) STA1; b) STA2; c) STA3; d) STA4; and e) STA5.
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FIGURE 3. Rock masses at STA1: a) Tuffaceous sand-
stone b) Fine tuff.

FIGURE 4. Rock masses at STA2: a) coarse tuff b)
fine tuff.

fillings. Meanwhile, the vitric tuff rock masses
had 78 to 91 % RQD values and a very blocky
structure. The discontinuities had 1 to 10 m
for persistence (low to medium persistence),
60–200 mm spacing (close spacing), 0.25–20 cm
aperture width (wide to extremely wide aper-
ture), smooth and rough surfaces, and no in-
fillings. The rock masses were completely dry
during the field mapping. Based on the RMR,
the rock masses at the STA2 were dominantly
categorized into good rock (Figure 8).

The rock masses at the STA3 consisted of
tuffaceous sandstone, lapilli tuff, cemented
tuffaceous sandstone, and layered tuffaceous
sandstone (Figure 5). The rock masses were di-
vided into two zones (Figure 2). Zone 1 domi-
nantly contained unweathered rock masses and
slightly weathered rock masses. On the other
hand, Zone 2 consisted of moderately weath-

ered rock masses. The average UCS values of
the intact rocks of the tuffaceous sandstone,
lapilli tuff, and cemented tuffaceous sandstone
were 42, 37, and 160 MPa, respectively. Based
on the UCS values, the tuffaceous sandstone
and lapilli tuff were classified as moderately
strong rocks, while the cemented tuffaceous
sandstone was classified as very strong rock.
Zone 1 had a blocky to very blocky rock mass
structure, while Zone 2 had a moderately dis-
turbed rock mass structure. Zone 1 and 2 had
RQD values of 71–99 % and 92–100 %, respec-
tively. The discontinuity in both zones had
a 1 to 10 m persistence (low to medium per-
sistence). The discontinuity spacing in Zone
1 ranged from 60 to 2000 mm (close to wide
spacing) for different discontinuities sets, while
that in Zone 2 ranged from 20 to 600 mm (very
close to moderate spacing). The aperture width
of discontinuity varied from 0.01 to 1 cm (wide
aperture) in the tuffaceous sandstone, lapilli
tuff, and cemented tuffaceous sandstone. The
surface roughness for tuffaceous sandstone
was very rough to smooth, cemented tuffa-
ceous sandstone was smooth to slickenside,
and lapilli tuff was slightly rough and smooth.
In general, the discontinuities had no infilling
materials. However, more than 1 mm thick in-
filling materials, such as calcite, were observed
in the lapilli tuff. Based on the standard field
indices, the discontinuities wall strength was
classified as firm for the tuffaceous sandstone,
medium-strong for the lapilli tuff, and very
strong for the cemented tuffaceous sandstone.
The rock masses at the STA3 were completely
dry during the field mapping. Figure 8 shows
that the rock masses at this station were domi-
nated by good rock.

Figure 6 shows the rock masses at the STA4.
The rock masses were divided into two zones
(Figure 2). Zone 1 consisted of sandstone and
laminated mudrock, while Zone 2 consisted of
lapilli tuff. The rock masses in both zones were
slightly weathered. The average UCS values of
the intact rocks of the sandstone, laminated mu-
drock, and lapilli tuff were 30, 51, and 8 MPa,
respectively. Based on the UCS values, the
sandstone was classified as moderately strong
rock, the laminated mudrock was classified as
strong rock, and the lapilli tuff was classified
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FIGURE 5. Rock masses at STA 3: a) tuffaceous sand-
stone; b) lapilli tuff; c) cemented tuffaceous sand-
stone.

FIGURE 6. Rock masses at STA4: a) Sandstone; b)
Laminated mudrock; c) Lapilli tuff.

as weak rock. Zone 1 consisted of a rock mass
structure of blocky to very blocky lapilli tuff.

Meanwhile, Zone 2 consisted of rock mass
structures of moderately disturbed sandstone
interlayers with laminated mudrock, moder-
ately disturbed laminated mudrock interlayers
with sandstone sparse, and disintegrated fault
zone. The RQD values of the rock mass in
Zone 1 and Zone 2 were 37–78 % and 78–98 %,
respectively. The discontinuity persistence in
Zone 1 was in the range of fewer than 3 m to
10–20 m (medium to high persistence), while
that in Zone 2 was less than 10 m (very low to
medium persistence). The discontinuity spac-
ings in Zone 1 and Zone 2 were in the range
of 60 to 2000 mm (close to wide spacing) and

20 to 2000 mm (very close to wide spacing), re-
spectively. The aperture width of discontinu-
ity in each of the lithologies varied, where the
sandstone, laminated mudrock, and lapilli tuff
had 0.25–0.5 mm (partly open aperture), less
than 0.1 mm (very tight aperture), and less than
2.5 mm (very tight to open aperture) aperture
widths, respectively. The discontinuity surfaces
of the lapilli tuff were slightly rough, while
those of the laminated mudrock and sandstone
had smooth and slickenside. The infilling ma-
terials of the discontinuities were typically less
than 1 mm thick calcite. Based on the strength
measurements using the standard field indices,
the discontinuity walls in the lapilli tuff were
classified as weak, while those in the sandstone
and laminated mudrock were classified as mod-
erate to strong. During the field investigation,
the groundwater condition of the rock masses
in this station was dry. Based on the RMR, the
rock masses at the STA4 were categorized into
fair to good rock (Figure 8).

The rock mass zones in the STA5 are shown in
Figure 2, while lithologies comprising this sta-
tion are shown in Figure 7. Zone 1 consisted
of fine (vitric) tuff, laminated tuffaceous sand-
stone, and sandstone, while Zone 2 consisted
of coarse tuff. The rock masses were slightly
weathered. The average UCS values of the in-
tact rocks of the fine tuff, laminated tuffaceous
sandstone, sandstone, and coarse tuff were 18,
18, 21, and 13 MPa, respectively. All intact rocks
in this station were classified as weak rocks
based on the UCS values. Zone 1 contained two
types of rock mass structures: moderately dis-
turbed and disintegrated rock mass structures.
The latter comprised the fault zone. Mean-
while, the coarse tuff in Zone 2 had a blocky
to very blocky rock mass structure. The av-
erage RQD values of the rock mass in Zone 1
and Zone 2 were 31–92 % and 81–99 %, respec-
tively. The discontinuity persistence in Zone 1
was less than 20 m (very low to high persis-
tence), while in Zone 2 was less than 10 m (very
low to medium persistence). The discontinu-
ity spacings in Zone 1 and Zone 2 were in the
range of 20–600 mm (very close to moderate
spacing) and 20–2000 mm (very close to wide
spacing), respectively. The aperture width of
discontinuity in Zone 1 was 0.1–2.5 mm (tight
to open aperture), while Zone 2 was domi-

124 Journal of Applied Geology



THE ENGINEERING CHARACTERISTICS AND CLASSIFICATIONS OF ROCK MASSES ALONG ROAD SECTION

FROM PRAMBANAN TO PATUK, YOGYAKARTA, INDONESIA

FIGURE 7. Rock masses at STA5: a) fine tuff; b) lam-
inated tuffaceous sandstone; c) sandstone d) coarse
tuff.

nantly less 0.25 mm (very tight to tight aper-
ture). Slightly rough discontinuity surfaces
were dominantly observed in both zones, al-
though several smooth and slickenside discon-
tinuity surfaces were also observed. The dis-
continuities in Zone 1 were dominantly filled
with 1–5 mm thick calcite and oxide materials,
while those in Zone 2 were unfilled. The discon-
tinuity walls typically had a low strength based
on the standard field indices. During the field
investigation, no sign of groundwater was ob-
served in the rock masses at this station. As
shown in Figure 8, the rock masses at the STA5
were classified into fair to good rock.

Figure 9 shows the GSI values of the rock
masses at all stations plotted against the RMR
values. The relationship between GSI and
RMR, described in Equation 5, is also shown for
comparison. It is shown that the linear equa-
tion resulting from this study was nearly close
to the equation proposed by Hoek et al. (1995).
The relationship between the GSI and RMR ob-
tained in this study can be represented by a lin-
ear equation (Equation 6).

GSI = 0.7RMRb + 13 (6)

The relationship allows estimating the qual-
ity of similar rock masses, particularly rock
masses of the Semilir Formation, based on the

GSI data or estimating the rock masses’ strength
based on the available RMR data.

4 CONCLUSION

Fieldworks and laboratory tests were con-
ducted to characterize the rock masses’ en-
gineering properties along the road from Candi
Ijo to Ngoro-Oro between Prambanan and
Patuk sub-districts in Yogyakarta, Indonesia.
The results show that the rock masses in the
study area consisted of tuffaceous sandstone,
fine tuff, coarse tuff, cemented tuffaceous sand-
stone, lapilli tuff, sandstone, laminated mu-
drock, and laminated tuffaceous sandstone.
The rock masses had disintegrated, moderately
disturbed, blocky, and very blocky structures
and dominantly low weathering degrees. The
intact rocks were classified as weak to very
strong rocks. The discontinuities typically had
medium to high persistence, close to wide spac-
ing, very tight to wide apertures, and smooth to
slightly rough surfaces. In addition, the discon-
tinuities dominantly had no infillings, although
discontinuities filled with less than 5 mm thick
calcite were also commonly observed at several
locations. The rock masses were completely
dry during the field observation. Based on the
RMR, the rock masses were classified as fair to
good rocks. The relationship between GSI and
RMR obtained in this study was in reasonably
good agreement proposed by Hoek et al. (1995).
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FIGURE 9. Relationship between GSI and RMR.
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