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Abstract

The condition of the rock formation and the poor stability of the type of soil mass (problematic soil) in the tunnel excavation route greatly infl uence the achievement 
of the collapse (stand-up time) that will occur. The thickness of the overburden pressure above the tunnel opening is often diffi  cult to meet, so in the inlet zone as well as 
in the out-let zone, slope collapse often occurs and disrupts the work implementation schedule. On the slope of the inlet excavation location, there are also silt formations 
with outcroppings. Rocks from small to large sizes and there are even rock masses that are cracked so that the quality or strength of the rock is unstable when exposed to 
the equipment used when tunnel excavation work is carried out. This research method was carried out using an approach that corresponds to the Rock Quality Designation 
(RQD) value with the Rock Mass Rating (RMR) value which will provide a classifi cation of rock classes and excavation methods. The data used in this research is rock data 
at the tunnel inlet of the Rukoh Dam Steering Building. From the RQD and RMR data and soil physical properties obtained in this research, analysis was carried out using 
the empirical approach introduced by Bieniawski. The results obtained from the in-situ test drilling work, the results of which were stored in the core box at the tunnel inlet, 
obtained an RQD value equal to 32.5% and an RMR value equal to 15. The RMR value shows that the rock at the tunnel inlet falls into the very category poor. With a tunnel 
opening as wide as 6.60 M, the stand-up time at the tunnel in-let is less than 30 minutes. 

Introduction 

This dam is called the Rukoh Dam which is the name of the 

village in the Aceh province on the island of Sumatra where 

this dam was built, as shown in Figure 1. The Rukoh Dam is a 

replacement building for the planned construction of the Tiro 

Dam in another location which could not be carried out. The 

existence of the Rukoh Dam can increase rice production in 

the Pidie and Pidie Jaya districts which are part of the Greater 

Baroe Irrigation Area which has a service area of 11,900 ha, 

where currently not all land can be served for two planting 

seasons. With the Rukoh Dam, farmers’ productivity will be 

able to increase and the planting index will increase to 300%. 

The Rukoh Dam Steering Building Project aims to supply 

the needs of fi lling the Rukoh Dam so that the fi lling time at 

the Rukoh Dam can be done faster. One of the scope of work 

in the Rukoh Dam Steering Building Construction project is 

the construction of a tunnel in the form of reinforced concrete 

construction with a horseshoe type along 950 meters with a 

tunnel diameter of 6.60 meters wide. This tunnel will be passed 

by water with a discharge of 12 m3/sec. to supply the needs of 



055

https://www.engineegroup.us/journals/journal-of-civil-engineering-and-environmental-sciences

Citation: Munirwansyah, Munirwan RP, Dharma S. Accurate Analysis of Stand-up Time Rock Collapse When Inlet Tunnel Excavation is Carried out in there are 
Cracked and Broken Rock Formations and a Poorly Silty-clay Soil Profile. J Civil Eng Environ Sci. 2024;10(2): 054-060. 
Available from: https://dx.doi.org/10.17352/2455-488X.000084

water replenishment at the Rukoh Dam, where supply to the 
Rukoh Dam is carried out during fl oods in the Kr. Inong river. 

The data used in this analysis are the results of core box and 
laboratory testing on samples of soil mechanics investigation 
activities in the tunnel inlet, where the test results show that 
the main rock in the tunnel inlet is silty soil and a multiple body 
rock system. 

The condition of the geotechnical profi le in the tunnel 
location, which is dominated by silty-clay soil and rocks, has the 
property of easily experiencing moisture loss due to exposure 
to the weather. With this condition of the rock, the excavation 
method along the tunnel is very important to be analyzed and 
studied further, to facilitate the implementation and security 
against collapse during the excavation process. 

Literature 

This tunnel is a closed passage that connects two open sides 
or one open side with the aim of certain objects. This tunnel 
with two open sides is a water channel tunnel, penetrating 
both sides open. 

Based on the materials used in tunnel construction, there 
are 3 different types of tunnels, Raharjo (2004), namely: 

1. Close Dig Tunnel (Cut and Cover) 

This tunnel was built by digging a large hole and building 

a tunnel structure in the dug hole. For the materials that make 
up this tunnel, pre-cast concrete is used, called a box culvert. 
This method can only be used if the tunnel is built at a shallow 
depth and excavation from the ground surface is possible. 

2. Rock Tunnel 

Rock tunnel construction is carried out on massive rocks 
using drilling or blasting methods. Rock tunnel construction 
is generally easier to carry out compared to soft earth 
tunnels because rock has higher stiffness and stability so the 
reinforcement required is simpler. 

3. Soft Ground Tunnel 

 This tunnel passes through soft soil layers such as clay, 
sand, or soft rock. This type of material tends to collapse during 
the excavation process, so a strong wall or roof is needed as 
protection, Munirwansyah and Suwandi [1]. The technique 
commonly used is Shield Tunneling which uses a Tunnel 
Boring Machine (TBM), Bieniawski [2]. 

4. Rock mass rating 

To calculate Rock Mass Rating (RMR) value accurately 
has to combine several variables that are found in the fi eld to 
make it easier to describe existing rock classes. In addition, 
this system is the fi rst to allow the estimation of rock mass 
properties, such as deformation modulus, thereby guiding in 
determining accurate temporary support and pay attention to 
tunnel openings and rock failure time (stand-up time) when 
digging tunnel holes. 

There are 5 (fi ve) parameters commonly used in determining 
rock mass classes using the RMR system, namely:

1. Uniaxial Compressive Strength (UCS) of rock materials 

2. Rock Quality Designation (RQD) 

3. Distance of discontinuities (spacing of discontinuities) 

4. Condition of discontinuity 

5. Groundwater conditions 

These fi ve parameters are greatly infl uenced by 
observational assessments of rock outcrops, both obtained 
through core boxes and direct observations in the fi eld during 
excavation. The fi ve parameters are as shown in Tables 1-5, 
Widjaja, and Sundayo [3]. 

Another parameter that also infl uences the assessment in 
this RMR system is the orientation of discontinuities which is 
determined by the condition of the direction and slope (strike 
and dip orientation) of the soil or rock layer to the axle of the 
tunnel, the more perpendicular the slope of the layer is to the 
axle. The tunnel will get better, and vice versa. 

Apart from that, the orientation of discontinuities is 
also infl uenced by the type of excavation work to be carried 
out (tunnel, foundation, or slope). The assessment of the 
orientation of discontinuities is shown in Table 6. 

Figure 1: Rukoh Dam Tunnel Construction Project Location Pidie Regency, Aceh – 
Sumatra Indonesia. 
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To make it easier to determine the assessment of the Rock 
Mass Rating (RMR) system, Bieniawski [2] has provided a table 
for determining the RMR value as shown in Table 7. Meanwhile, 
determining the rock class is based on the RMR value as shown 
in Table 8. 

The RMR value of a rock also shows the level of stability 
of the rock itself. The higher the RMR value, the more stable 
the rock will be, and this condition will also infl uence and 
determine the excavation method chosen and the strengthening 
treatment that needs to be carried out. Furthermore, from the 

RMR value obtained using Table 8, as well as by determining 
the opening (excavation) of the planned tunnel, the stand-up 
time of the tunnel opening will be obtained. Where stand-up 
time itself is defi ned as the ability of a rock mass to support 
itself due to excavation activities before a collapse occurs. 
The relationship between the RMR value and the roof spam 
(excavation) opening in the tunnel itself means that the stand-
up time value and rock mechanical property by N-SPT will be 
known, as shown in Figure 2 and Table 9. 

Methodology 

Excavation and Strengthening Methods for Tunnel Inlets 
depends from the results of the calculation of the RMR value, 
the rock class at the tunnel inlet will be obtained which will 
infl uence the excavation and strengthening methods. The 
higher the RMR value, the better the rock class and the easier 
the excavation process will be and it will not require a lot of 
support to strengthen the tunnel due to excavation before 
concreting. However, on the contrary, the smaller the RMR 
value, the more diffi cult the excavation process will be and a 
lot of support is needed to strengthen the tunnel itself. 

Several excavation methods include blasting, breaker, 
digging, and ripping. The blasting and breaker system is 
generally carried out on rocks that have an RMR value above 
40, while the digging and ripping system is carried out on 
rocks that have an RMR value below 40. 

The greater the RMR value, the greater the stand-up time 
of the tunnel, so that strengthening the tunnel excavation does 
not require a lot of support, and in some conditions, no support 
is even needed until concreting is carried out. Meanwhile, if 
the RMR value is small enough, so that the stand-up time 
is very small, then strengthening due to tunnel excavation 
is something that needs to be considered to secure the work 
when the tunnel excavation is carried out. The reinforcement 
carried out is by installing rock bolt anchors, shotcrete, steel 
rib, forepoling, and concreting (lining). 

Wrong methods due to Illegal interference with personal 
expertise in scientifi c fi elds have recently become quite a burden 
on work in the fi eld and hampered the smooth implementation 
of methods in the fi eld. The drilling method in the fi eld by a 
geological expert of course aims to explore natural products 
such as drilling for coal, natural gas, geothermal energy, 
petroleum, and other natural products. Of course, it is different 
from drilling carried out by Civil Engineering personnel in the 
Geotechnics fi eld who carry out sondir or drilling to fi nd out the 
composition of the soil profi le and its physical and mechanical 
properties as well as its shear strength and bearing capacity. 

Table 1: RMR Assessment Based on UCS Value.

Uniaxial Compressive Strength (UCS) Rating

5 - 25 2

25 - 50 4

50 - 100 7

100 - 250 12

> 250 15

Table 2: RMR Assessment Based on RQD Value.

RQD (%) Rating

< 25 3

25 - 50 8

50 - 75 13

75 - 90 17

90 - 100 20

Table 3: RMR Assessment Based on Joint Spacing.

Average joint spacing (m) Rating

< 0.06 5

0.06 - 0.2 8

0.2 - 0.6 10

0.6 - 2 15

> 2 20

Table 4: RMR Assessment Based on Condition of Discontinuities.

Condition of discontinuities Rating

Very rough surface, not continuous, with no separation an unweathered 
rock

30

Slightly rough surface, separation < 1 mm, slightly weathered rock 25

Slightly rough surface, separation < 1 mm, highly weathered rock 20

slickensided surface < 5 mm, separation 1 - 5 mm 10

soft gouge > 5 mm thick, separation > 5 mm 0

Table 5: RMR Assessment Based on Ground Water Condition.

General condition Rating

Flowing 0

Dripping 4

Wet 7

Dump 10

Dry 15

Table 6: Determining the Value of Orientation of Discontinuities.

Strike and dip 
orientation

Very 
favorable

Favorable Fair Unfavorable
Very 

unfavourable

Tunnels and mines 0 -2 -5 -10 -12

Ratings Foundations 0 -2 -7 -15 -25

Slopes 0 -5 -25 -50 -60

Source: Bieniawski [2].
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The wrong method intended was found in the results of this 
research, that the results of the detailed engineering design 
at the tunnel inlet excavation location were assumed to be 
rock, however in implementing the excavation no solid rock 
was found, but a rock fracture outcrop with poor Rock Quality 
Design (RQD) was found. And there is clayey silt which is very 
easy to slide when experiencing changes in water content and 
reduced overburden pressure, the thickness of the layer above 
is disturbed by its thickness. The method is not understood by 

Table 7: Determination of Rock Mass Rating (RMR) Values.

Parameter Range of values

1

Strength of 
intact
rock

material

Point-load strength
index

> 10 MPa 4 - 10 MPa 2 - 4 MPa 1 - 2 MPa
For this low range – uniaxial 
compressive test is preferred

> 250 MPa 100 - 250 MPa 50 - 100 MPa 25 - 50 MPa
5 - 25 
MPa

1.5 MPa < 1 MPa
 

Uniaxial
compression 

strength

Rating 15 12 7 4 2 1 0

2
Drill core quality RQD 90% - 100% 75% - 90% 5O% - 75% 25% - 50% < 25%

Rating 20 17 13 8 3

3
Spacing of discontinuities > 2 m 0.6 - 2 m 200 - 600 mm 60 - 200 mm < 60 mm

Rating 20 15 10 8 5

4
Condition of discontinuities (See E)

Very rough
surfaces

Not continuous No 
separation Unweathered 

wall rock

Slightly rough 
surfaces

Separation < 1 mm 
Slightly weathered 

walls
 

Slightly rough 
surfaces

Separation < 1 mm 
Highly weathered 

walls

Slickensided
surfaces or

gouge < 5mm thick or 
Separation 1 – 5 mm 

continuous

Soft gouge > 5 mm thick
or Separation > 5 mm 

continuous

Rating 30 25 20 10 0

5
Ground water

Infl ow per 10m
tunnel length (I/m)

None < 10 10 - 25 25 -125 > 125

(Joint water press)/ 
(major principal σ)

0 < 0.1 0.1 - 0.2 02 - 0.5 > 0.5

General conditions Completely dry Damp Wet Dripping Flowing

Rating 15 10 7 4 0

Source: Bieniawski [2].

Table 8: Rock Class Assessment Based on RMR Value.

Classes RMR Rock Quality Stability

I 81 - 100 Very good Completely Stable

II 61 - 80 Good Stable

III 41 - 60 Fair Partially Stable

IV 21 - 40 Poor Unstable

V 0 - 20 Very Poor Completely Unstable

Source: Bieniawski [2].

Figure 2: Relationship between Roof Spam (Excavations) and RMR.

Table 9: Rock Class Assessment Based on Parameter Value.

Parameter Min Max Mean

Mechanical 
Proposeties

N - SPT 50 50 50

Uniaxial Compressive Strength, tc 
(Mpa)

4,74 6,67 5,705

Modulus of Elasticity, E (Mpa) 309,92 810,96 560,44

Cohesion (Residual), c (Mpa) - Direct 
Shear

0,037 0,057 0,047

Cohesion (peak), c' (Mpa) - Triaxial 0,85 2,07 1,46

Internal Friction Angle (residual), f - 
Direct Shear

15,82 25,38 20,6

Internal Friction Angle (peak), f - 
Triaxial

30,71 37,27 33,99

Poison Ratio, u 0,27 0,28 0,275

Rock Quality Designation 10 - 35
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a bunch of geologists who have no ethics and logic in mixing 
civil engineering work with geotechnical expertise. The wrong 
methods are revealed in this article so that in the future such 
embarrassing incidents are not repeated by gangs of unethical 
geologists this is also how we educate our geotechnical master’s 
students to be useful examples of cases of failure in the fi eld 
and they dare to reject the expertise of their colleagues who do 
not appropriate to interfere with geotechnical civil engineering 
work. 

Results and discussions

In this chapter, the results obtained from observations of 
the core box results and laboratory test results on rock samples 
at the tunnel inlet are described. From these results, the RQD 
and RMR values can be obtained and the value of the stand-up 
time due to the tunnel inlet opening can be determined. 

The research results showing several laboratory test results 
and fi eld investigations as described were due to errors in 
assumptions and were not carried out by civil engineering 
experts but were mixed up as academic crimes committed by 
other evil experts, Munirwansyah, et al. [4]. 

As described in the methodology above, it was proven to 
be very different after being carried out by civil geotechnical 
engineering master students. 

The results found were no soil index (GI) group parameter 
results, and no particle size analyzer was carried out, 
Munirwansyah, et al. [4]. It was proven, as shown in the core 
box in Figure 3, SNI - Indonesian National Standards [5] and 
[6]. Test Method for Determining the Plastic Limit and Soil 
Plasticity Index. National Standardization Agency. Jakarta. 

That it was not a solid and stable rock, but had experienced 
multiple body rock systems, so it was not recommended for this 
location. When building a tunnel inlet, it needs to be shifted to 
another route whose location can be easily identifi ed if DED is 
carried out by a geotechnical expert, it must not involve evil 
geology experts who usually conspire as in the case of planning 
the DED tunnel. 

Rock Quality Designation 

The Rock Quality Designation (RQD) value is determined by 
looking at the percentage of rock in the core box that is larger 
than 10 cm. Observations of the RQD values were carried out at 
a depth of 32–37 meters which is the dimension of the tunnel 
opening. The results of the Core Box at the tunnel inlet are 
shown in Figure 3, Terzaghi & Ralph [7]. 

Based on Figure 3 above and as previously stated, the 
bottom of the tunnel inlet is at a depth of 37 meters from the 
surface, if the diameter of the tunnel opening is 6.6 meters, 
then the RQD value at the tunnel inlet opening is 50, 65, 13.12, 
30 and 25 with an average value of 32.5%. Based on Table 8, 
the rock class qualifi cation at the tunnel inlet opening is poor. 
Meanwhile, the tunnel base at a depth of 38 meters has an 
RQD value of 40%, whereas with an RQD value of this size, 

the tunnel base is also in the poor rock class. In conditions like 
this, it is very dangerous to build a tunnel because it will cause 
workers, operators, and site engineers to be buried in collapsed 
soil quickly and landslides. 

Rock Mass Rating

The input data used to determine rock class using the rock 
mass rating system (RMS) is data obtained from laboratory 
test results and also observations of rock conditions in the 
fi eld. From table 10, the uniaxial compressive strength value 
is obtained, with values ranging from 4.74 – 6.67 MPa, with 
an average value of 5.705 MPa. From fi eld observations of rock 
fractures, the spacing of discontinues was 50 mm. Apart from 
that, the presence of springs in the tunnel route also affects the 

Figure 3: RQD–Core Box for Depth 25–40 Meters at Tunnel Inlet. 

Table 10: Classifi cation of Rock Classes Based on Rock Mass Rating.

No. RNIR Parameter Evaluation Score

1 Uniaxial Compressive strength (UCS) 5.82 2

2 Rock Quality Designation (%) 32.5 8

3 Average joint spacing (m) 0.05 5

4 Condition of Discontinuities cracked < 5 mm 5

5 Ground water condition Flow 0

6 Discontinuities Orientation Tunnel ang mind -5

Total Rock Mass Ratting 15

Rock Clasifi cation Very Poor (V)
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RMR value itself. By using the rock class classifi cation based on 
Bienewski [2], an RMR value of 15 was obtained with the rock 
class very poor rock as shown in Table 9.

Determination of the RMR value is carried out using table 
7 by entering several parameters in the form of laboratory test 
results on the mechanical properties of rock at the tunnel inlet 
(UCS) as shown in Table 10. 

Analysis of Excavation and Strengthening Methods for 
Tunnel Inlets From the description above, it has been stated 
that with an RMR value of 15, the rock class at the tunnel inlet 
is included in the poor rock class with a stand up time of less 
than 1 hour. This will certainly make it diffi cult to dig the tunnel 
inlet itself. Bieniawski [2] has provided several excavation and 
strengthening methods for tunnels based on rock class, as 
shown in Table 10.

Stand up time 

Furthermore, from the RMR value, and connected with the 
planned opening of the tunnel of 6.6 m, stand up time for the 
excavation will be obtained as shown in Figure 4, which shows 
that the excavation at the tunnel inlet will experience collapse 
as a result of the tunnel opening. Alone, Wesley, L.D. [8-11].

Based on the results obtained as shown in Figure 4, it shows 
that with a tunnel opening of 6.6 m and an RMR value of 15, 
it is found that the excavation at the tunnel inlet will collapse 
quickly (less than 1 hour). 

From Table 11 above, shows that for the poor rock class, 
the recommended excavation method is to dig to a depth of 
0.5 - 1.5 m at the top of the tunnel and continue by installing 
temporary support such as shotcrete after excavation. Followed 
by installing rock bolt anchors 5-6 meters long at a distance 
of 1-1.5 meters on the roof (crown) and walls of the tunnel as 
well as installing wire mesh. Shotcrete is carried out on the 
roof 15 -20 cm thick, on the walls 15 cm thick, while on the 
face of the excavation, it is 5 cm thick. then, it is necessary to 
install steel ribs (H beam) with a distance of 0.75 m and also 
stiffeners on the steel rib legs (struth) to prevent lateral forces 
that occur which burden the steel rib. If the rock condition is 
quite weak, it is necessary to install forepoling on the roof to 
prevent collapse during excavation [12-21].
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Table 11: Excavation and Strengthening Methods for Tunnels.

Class Rock Quality Excavation Rock Bolt (Dia. 20 mm) Shotcrete Steel Set

I Very Good Full face, 3 m advance Generally, no support is required

II Good
Full face, 1 - 1.5 m advance, complete support 

20 m from face
Locally, bolts in crown 3 m long, spaced 2.5 m, 

with occasional wire mesh
50 mm in crown None

III Fair

top heading and bench 1.5 - 3
m advance in top heading,

commence support after each
blast, complete support 10 m

from face

systematic bolts 4 m
long, spaced 1.5 - 2 m in
crown and wall with wire

mesh in crown

50 - 100 mm in crown
and 30 mm in sides

None

IV Poor

top heading and bench 1 - 1.5
m advance in top heading,
install support concurrenly
with excavation, complete

support 10 m from face

systematic bolts 4 - 5 m
long, spaced 1 - 1.5 m in
crown and wall with wire

mesh

100 - 150 mm in crown
and 100 mm in sides

light to medium
ribs spaced 1.5

m

V Very Poor

multiple drifts 0.5 - 1.5 m
advance in top heading, install

support concurrenly with
excavation, shotcrete as soon

as possible after blasting

systematic bolts 5 - 6 m
long, spaced 1 - 1.5 m in
crown and wall with wire

mesh

150 - 200 mm in crown,
150 mm in sides

and 50 mm on face

medium to
heavy ribs

spaced 0.75 m
with steel

lagging and
forepoling if

required, close
invert

Source: Bieniawski [2]
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