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Abstract. The purpose of the Jatinegara Dam is to irrigate agricultural land in the
villages of Cacaban dan Rambut. The Jatinegara Dam uses tunnel construction as
its diversion tunnel. The objective of this research is to provide recommendations
for the tunnel excavation method and support system, as well as to predict the
tunnel stand-up time based on an empirical method derived from Rock Mass
Rating (RMR). The research method comprises an analysis of geological
mapping and an analysis of the rock cores along the tunnel. Engineering
geological mapping was carried out with the aim of validating the Rock Mass
Rating parameters that had been determined through the evaluation of rock cores.
The results show that the diversion tunnel consists of volcanic breccia, sandstone
intercalated with siltstone, and interbedded sandstone and siltstone. The RMR
value ranges from 32-49 (poor to fair rock masses). For poor to fair rock masses,
the suggested excavation methods are heading and bench. Bolts, shotcrete, and
steel sets are required for the tunnel's support systems. Poor rock mass is expected
to have stand-up time in 10-50 hours, while fair rock has stand-up time in 80
hours.
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1 Introduction

Tunnel stability is a critical issue in underground construction, particularly for tunnels
built through varying geological conditions. Various factors influence the stability of
rock excavations and tunnels. Rock quality, groundwater conditions, and excavation
methods are essential factors determining stability of underground construction [1].
Understanding these factors is essential for ensuring long-term stability of underground
structures and implementing appropriate support system [2].

Located in Gantungan village, Jatinegara sub-district, Tegal district, and Gombong
village, Warungpring sub-district, Pemalang district, the Jatinegara dam project aims to
provide irrigation, water supply and hydropower. Designed by the Balai Besar Wilayah
Sungai Pemali Juana in 2017, the dam will have a total volume of 2.975 million m?, a
height of 70 meters and a length of 301 meters [3]. The project includes the construction
of a 620 m long diversion tunnel with a diameter of 5 m to divert the Rambut River
during construction.

Engineering geological studies had been conducted, including rock mass classification
using the CRIEPI method [3]. However, analyses of excavation methods and support
systems had not been conducted. The purpose of this study is to empirically determine
the excavation method, stand-up time, and support system using Rock Mass Rating [4].
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Rock Mass Rating (RMR) is widely used to determine excavation methods and support
systems for tunnels. Studies in Indonesia had applied RMR alongside other
classification systems to design tunnel excavations and support systems [5] [6] [7] [8]
[9]. Empirical approaches, particularly the RMR system, have proved effective in
optimizing tunnel excavation and determining the support system [10] [11]. Hopefully
this research can help to better understand the use of RMR classification for
determining excavation methods, support systems, and stand-up time based on RMR
value.

2 Geological Framework

Based on the Geological Map of Purwokerto-Tegal Sheet, Java [12], the study area
consists of the Halang Formation (Tmph) and the Undifferentiated Volcanic of Slamet
Mountain (Qvs) as shown in Figure 1. The Halang Formation is composed of andesitic
sandstone, tuffaceous conglomerate and marl, intercalates with sandstone. The
Undifferentiated Volcanic of Slamet Mountain consists of volcanic breccia, lava and
tuff, whose distribution forms flat and hilly areas. The geological structure that develops
around the research area generally has southwest-northeast and northwest- southeast
orientation, while around Mount Slamet there are circular structural.
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Fig. 1. Regional Geological Map [1]

3 Methodology
3.1 Data Collection

Data collection was carried out by conducting surface mapping and evaluation of
subsurface data from rock cores. Surface mapping was done along the tunnel plan site
with an area of 500 x 650 m. The surface mapping involved observing geomorphology,
lithology, geological structure, weathering degree [13], discontinuities, and samples
collection.

Furthermore, evaluation of subsurface condition was conducted using rock cores BJ-
01, BJ-06, BJ-07, BJ-08, and BJ-10 which were located around the tunnel plan site.
Drill point BJ-06 was located at the tunnel inlet plan, BJ-08 is located at the tunnel
outlet plan and BJ-10 was located at the center of the tunnel plan. While BJ-01 and BJ-
07 were not located above the tunnel plan, due to their proximity to the tunnel,
correlation of BJ-01 and BJ-07 bore logs was carried out to be able to estimate the
subsurface conditions of the tunnel at the center. The purpose of the evaluation was to
determine the lithology, the quality of the rock mass, and sample collection. Sample
collection was used for laboratory testing involving Uniaxial Compressive Strength
(UCS) and Point Load Index (PLI) testing.
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3.2  Rock Mass Rating (RMR)

Rock Mass Rating (RMR) is a classification by Bieniawski [4] that uses six parameters
namely strength of intact rock, Rock Quality Designation (RQD) [14], spacing of
discontinuities, discontinuities condition, groundwater condition, and discontinuities
orientation.

The strength of intact rock was obtained from UCS and PLI test taken from rock cores
samples. The RQD could be determined from the percentage of rock cores that equal to
or greater than ten cm long in one meter of drill run. The spacing of discontinuities was
the linear distance between two discontinuities that were in the same orientation.
Discontinuities condition consisted of roughness of discontinuity surfaces, the aperture,
the length of discontinuity, the infilling material, and the weathering condition. In this
research, groundwater condition data was obtained from groundwater elevation on
borehole log data. The discontinuities orientation referred to the strike and dip of the
discontinuities.

The RMR value was calculated from the sum of the rating for each of the above six
parameters. Based on its value, RMR is divided into five classes as shown in Table 1.

Table 1. Rock mass class based on RMR [4].

RMR value 81-100 61-80 41-60 21-40 <20
@ (1) (IIT) 1v) V)

Very . Very

Rock mass class good Good Fair Poor poor

3.3. Excavation Method, Support System, and Stand-up Time

The RMR values can be used to empirically determine the excavation method, support
system and stand-up time [4]. This applies to tunnels excavated using conventional
drilling and blasting methods. The excavation methods can be full face, heading and
bench, and multiple drifts. Meanwhile, the support recommended based on RMR value
are rock bolts, conventional shotcrete, and steel sets. Moreover, tunnel stand-up time
can be determined by plotting on correlation graph (Figure 6) between unsupported
span of the opening and the RMR value. Unsupported span is defined as the opening’s
width or the distance from the tunnel face to the last support.

4. Results and Discussion

4.1 Geological Condition

The stratigraphy on the research area is comprised of calcareous sandstone intercalated
with calcareous siltstone unit, andesite breccia unit, and boulder-sand deposit (Figure
2). The calcareous sandstone intercalated with calcareous siltstone unit (Figure 3)
spread entirely in the northern hills and a small part in the southern hills. The calcareous
sandstone was described bright grey to brown in colour, moderately to slightly
weathered, bedding structure, gravel to sand grain size, subangular shape, good sorting,
grain supported, about 10-150 cm thick, composed of lithic, feldspar, quartz and
foraminifera fragment. Calcareous siltstone was found as thin layered intercalation with
5-20 cm thickness, dark grey to light brown in colour, moderately to highly weathered,
lamination and slackly structure, silt to clay grain size, composed of calcareous silt-
clay sized materials.
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Fig. 3. Calcareous sandstone (top) intercalated with calcareous siltstone (bottom)

The andesite breccia (Figure 4) unit was widely distributed in the southern hill. It was
described as grey to brown in colour, highly to moderately weathered, the fragment size
ranged from pebble to boulder and the matrix size was sand, sub angular to subrounded
shaped grain, poorly sorted, closed fabric, matrix supported, and fragment consisted of
andesite.
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The boulder-sand deposit was the youngest rock, composed by the results of rock erosion
processes and then deposited along the Rambut river. This deposit had a size of fine sand
to boulders, and in loose condition. This unit was deposited at the point bar and
floodplain of the river.

According to the surface mapping, no fault had been found at the research area, but
joints were found at some observation points. There were two sets joints that have a
northeast - southwest and northwest - southeast direction as shown in Figure 5.
Meanwhile, strike dip measurements of the sandstone bedding indicated that the rocks
dip southeast to south with a dip of 30-45°.

V.

!

Fig. 5. Rosette diagram of joints plane data plotting
4.2 Rock Mass Rating (RMR)

As a result of the lithological observations on each rock core, a correlation between rock cores was
made to determine the subsurface stratigraphy. The composing lithology in the tunnel plan consists
of calcareous sandstone intercalated with calcareous siltstone, interbedded calcareous sandstone and
calcareous siltstone, and andesite breccia as shown in Table 2.

Table 2. Composing lithology at the tunnel plan.

Depth of Tunnel .
No Borehole P (m)u Lithology

Calcareous sandstone intercalated with
1 BJ-06 36-40 calcareous siltstone

Interbedded calcareous sandstone and
2 BJ-10 9-14 calcareous siltstone

Correlation of Calcareous sandstone intercalated with

3 BJ-01 & BJ-07 55-60 calcareous siltstone
4 BJ-08 0-5 Andesite breccia

Evaluation of the quality of the rock mass was determined using RMR parameters. Table 3 showed
the ratings for each parameter of each rock core along the tunnel combined with the surface data.
The assessment results show that the rock masses that make up the tunnel have poor quality with
RMR value was 32-37 and fair quality with RMR ranging from 48-49.

In the poor-quality rock mass, the UCS value is about 1-13.6 MPa, the RQD 0-16%, the spacing
of discontinuity is 0,06-0.2 m, and the groundwater condition is wet. The rock mass has a
moderately weathered to completely weathered degree which causes a weak UCS value [15][16].
As weathering advances, the UCS generally diminishes due to the alteration of mineral structures
and the formation of voids that weaken the rock matrix [17]. Meanwhile, the weathered rock
masses show reduced RQD values due to increased jointing and decreased intact rock length [18].
The discontinuity condition consists of persistence ranging >20 m, aperture 0,1-1 mm, slightly
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rough, no infilling, and slightly-highly weathered.

Table 3. Quality of rock mass along the tunnel.

Rating
Parameter BI.06 B1-10 Correlation of B1.08
UCS/PLI 2 2 2 1
RQD 20 3 17 3
Spacing of discontinuity 10 8 10 8
Condition of discontinuity 15 17 17 18
Groundwater condition 7 7 7 9
Discontinuity orientation -5 -5 -5 -2
Total Rating 49 32 48 37
Rock class Fair Poor Fair Poor

The fair quality rock mass has UCS values ranging from 12.5-34.5 MPa, RQD 72-
100%, discontinuity spacing 0,06-0.2 m, and wet groundwater conditions. The
discontinuity conditions consist of persistence ranging >20 m, openings of 0,1-1 mm,
slightly rough, hard infilling, and slightly-very weathered.

In addition, the rock masses both fair and poor quality had discontinuity in the form of
joints and bedding. The most dominant and critical discontinuity found was bedding
and was used for evaluation of the discontinuity parameters [4]. The orientation of
discontinuity is parallel to the tunnel axis and dip ranges from 30-45° so that it has fair
conditions for sandstone and siltstone lithologies, while for volcanic breccia no
discontinuity is found.

Figure 6 showed the results of rock mass correlation based on its quality. According to
the figure, it can be interpreted that along the tunnel can be divided into four zones.
Zones 1 and 3 have fair rock mass quality while zones 2 and 4 have poor rock mass
quality. The results can be used to determine the excavation method and support system
for each zone.
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Fig. 6. Rock mass quality cross section along the tun
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4.3 Excavation Method, Support System, and Stand-up Time

Based on the previous study [3], the analysis of excavation method and support system
has never been done. Empirically, RMR values can be used to determine excavation
methods and support systems. The recommended excavation methods by Bieniawski
[4] for poor quality rock masses are top heading and bench with 1-1,5 m advance in
top heading, while for fair rock masses are heading and bench with 1,5-3 m advance
in heading. The recommended excavation method for the tunnel plan can be seen in
Table 4.

Table 4. Excavation method recommendation.

Zone Lithology Quality Excavation Method

Interbedded Top heading and bench with 1-1,5 m

alca andst . .
2&4 ¢ angcc’zlsczregisone Poor advance in top heading. The support
siltstone: andesite should be installed simultaneously with
breccia excavation 10 m from face.

Heading and bench with 1,5 - 3 m advance
in heading. Supported should be installed
after blasting and complete support 10 m

Calcareous sandstone
1&3 intercalated with Fair
calcareous siltstone

Based on RMR value, the support system generally consists of rock bolt, shotcrete, and
steel set. The support system needed for tunnel stability is presented in Table 5. Zones
with poor rock mass require longer, more tightly spaced rock bolts and thicker
shotcrete than zones with fair rock mass. In addition, zones with fair rock mass do not
require steel sets. The recommended excavation method and support system are similar
to the recommended excavation method for the Budong-Budong dam [19] [20], which
also has poor and fair rock mass quality. The poor rock consists of tuffaceous sandstone
intercalation tuffaceous siltstone and tuffaceous breccia, meanwhile the fair rock
consists of tuffaceous sandstone intercalation tuffaceous siltstone that is deeper than
the poor rock.

Table 5. Support system recommendation.

Rock bolt:
Zone  Quality (d:ozco m;)n)s Shotcrete Steel sets
Rock bolts 4-5min  100-150 mm in thick Light to medium

2&4 P length with separation at crown and 100 type with separation
oor 1-1,5 m, wire mesh at mm at wall 1,5m
the crown and wall

Rock bolts 4 m in 50-100 mm in thick Not required

. length with separation  at crown and 30 mm
1&3 Fair 1,5-2 m, wire mesh at at wall
the crown

Stand-up time is the time that an unsupported excavation remains stable before
support is required. In tunnelling, it's vital to know how long workers can safely dig
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without risking collapse. By assessing the quality of the rock mass, the Rock Mass
Rating (RMR) system provides an estimate of the stand-up time using the relationship
graph between unsupported span and RMR rating. The rock mass quality in zones 2
and 4 is poor class, and the results of plotting on the graph are shown in Figure 7. In
zone 2, by excavating 1.5 m, the tunnel has a stand-up time of 10 hours before
collapsing. Similarly, in zone 4, by excavating 1.5 m, the tunnel has a stand-up time of
about 5 x 10 hours. Based on the plotting result, a support system should be installed
immediately after excavation in zone 2 and 4. The plotting results for fair quality rock
mass in zones 1 and 3 show that with an opening's width of 7 m, it has a stand-up time
of 80 hours.
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Fig. 7 Plotting result on the stand-up time graph [4]

5 Conclusion

The study identifies the geological conditions of the area, which include a stratigraphy
of calcareous sandstone intercalated with calcareous siltstone unit, andesite breccia
unit, and boulder-sand deposits. The research utilizes the Rock Mass Rating (RMR)
system to classify the rock masses encountered in the tunnel excavation. The RMR
values range from 32 to 49, indicating that the rock masses are classified as poor to fair.
For the identified poor to fair rock masses, the study recommends specific excavation
methods, namely heading and bench methods. The recommendation tunnel support
system for the poor rock comprises of rock bolt 4-5 in length, shotcrete with 100-150
mm in thick at the crown and 100 mm at the wall, and also steel sets with light-medium
type. The fair rock consists of rock bolts 4 m in length and shotcrete 50-100 mm at the
crown and 30 mm at the wall. The expected stand-up time for the tunnel varies based
on the rock mass quality. For poor rock masses, the stand-up time is estimated to be
between 10 to 50 hours, while for fair rock masses, it is projected to be around 80 hours
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