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Abstract

Estimating tunnel construction time and costs are the most fundamental part of a tunnel
project planning, which has been generally assessed on a deterministic basis until now.
In this paper, excavation cycle time was investigated for two road tunnels and one
subway tunnel, and the results were compared with the Standard of Construction
Estimate (SE), which is made for the estimation of construction time and cost in a
design stage. The results show that the difference in cycle time between SE and actual
cycle time is 50%, 7% and 31% respectively for the three tunnels, which means that
SE does not reflect practical operation time. The major reasons of the difference are
skilled level of tunneling workers, the change of operation sequences for more
effective operations, much more complicated working atmosphere in a tunnel than the
assumption of SE etc. Finally, even though the results can not be generalized since
investigated tunnels are only 3, but it is thought that SE needs to be upgraded into the
model able to consider quite common situations through additional tunnel investigation
and studies in the future.
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Fig. 1. Possibility of total construction time and cost estimates (Spatkova, 2012)
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Table 1. Summary of the investigated tunnels

Tunnel name Tunnel A Tunnel B Tunnel C
Use Road Road Subway
Construction period 2011~2015 2010~2014 2009~2014
Tunnel length (m) 1,950 1,670 987
Rock type Granite Granite/Shale Gneiss
The number of investigated rounds 9 5 4
Rock mass quality (RMR) 40~60 20~40 20~40
Cross sectional area (n’) 938 (top heZcfifg: 52.6) (top hej;i'r(l)g: 28.2)
Tunnel type” Group C Group C Group B
Type Conventional Computerized Conventional
The number of booms 3 3 2
Diameter of drill hole (mm) 45 45 45
Drilling | Drill length (m) 3.2 1.6 1.3
Round length (m) 3.0 1.5 1.2
The number of holes 143 (top }]122 ding) (top h7ei ding)
Type Emulsion Emulsion Emulsion
Explosives
P Charging weight (kg) 299.5 (top :12;15ding) (top izziing)
Diameter of ventilation duct (mm) 1,700 1,600 600
Loading capacity of loader (m®) 5 5 3.52
Type SFRSY SFRS” SFRS
Shotcrete | Thickness (cm) 15.5 (7.5+8) 19.5 (7.5+12) 22.5(7.5+15)
Volume (m?) 11.7 5.5 3.7
Rock bolt Number per round 15.5 (15 or 16) ! ((:(')Sp (hle?azznlgl)) (i)sp (l?ezgiln(g)
Length (m) 4 4 4

a) Presented in Table 3
b) Steel fiber reinforced shotcrete
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13.3m 11.6m 9.7 m
(@) Tunnel A (b) Tunnel B (€) Tunnel C

Fig. 2. Cross section shapes and drill patterns of the investigated tunnels
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Table 2. Cycle time by the Standard of Construction Estimate (MOLIT and KICT, 2018)

Tunnel type (unit: minute)
Operation Group A Group B Group C
SE” App.” SE” App.” SE” App.”
@ Preparation 10~15 12.5 15~20 17.5 - 0
Drilline& @ Marking 5~10 7.5 10~15 12.5 15~20 17.5
chared f ® Pure drilling T1 Tl Tl TI T1 T1
8ME | @ Charging & blasting 30~40 35 40~50 45 50~60 55
® Ventilation 15~20 17.5 20~25 22.5 25~30 25.5
Loadined @ Preparation 10 10 10 10 10 10
hoali:’g @ Pure loading & hauling ™ ™ ™ ™ ™ ™
AE 1 3 Delay time” 3-5 4 3-5 4 ; 0
Scaling 20-30 25 3040 35 40~50 45
@ Preparation 10 10 10 10 - 0
@ Cleaning the face T3 T3 T3 T3 T3 T3
@ Installing steel ribs 25~30 09 30~35 09 40~45 09
Shotcrete | @ Fixing wire mesh T4 09 T4 0 T4 0
® Placing shotcrete T5 T5 T5 T5 T5 T5
® Cleaning the rebounded shotcrete 20 20 20 20 20 20
@ Checking the machine 10 10 10 10 10 10
@ Preparation 10 10 10 10 - 0
@ Dirilling (min/hole) T6 T6 T6 T6 T6 T6
® Cleaning hole (min/hole) 1 1 1 1 1 1
Rock bolt . .
oD @ Grouting holes (min/hole) 2 2 2 2 2 2
® Inserting Rock bolts (min/hole) 2 2 2 2 2 2
® Moving the machine 15 15 15 15 15 15
a) Operation time by SE

b) The median value of SE that is applied for this study
¢) Delay time from the interference between machine in two-way transport

d) It is assumed that steel ribs are not installed because the installation time for steel ribs was not considered when checking actual cycle time
e) Wire mesh is not used in the tunnels investigated for this study

Table 3. Definition of tunnel type (MOLIT and KICT, 2018)

Tunnel type Definition
Group A | A small tunnel where hand drills are used for blasting
Group B A one lape-size tunnel where a drilling jumbo can be used for blasting, but two way transport of machine is
not possible
Group C | A two lane-size tunnel where a drilling jumbo is used and two way transport of machine is possible

/371 Table 204 Z4-5- 5 Z&FAIZH “Drilling & Charging”)ol= -84 5], < A5,

S
0] A S wFksHe ARbolTh, T TI

s T O

AEAREE 22 AR AEARTe) 285 E AR
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Table 4. Drilling rate of drilling jumbos (MOLIT and KICT, 2018)

Drilling rate (cm/min)
Round length (m) - 3 Remarks
SEY Application”
<1.2 m (weathered rock) 75~85 cm/min 80.0 cm/min
1.2~2.0 m (soft rock) 85~90 cm/min 87.5 cm/min For tunnel Group B and C
2.0~3.0 m (medium rock) 90~95 cm/min 92.5 cm/min (hand drills are used for Group A)
3.0 m< (hard rock) 95~100 cm/min 97.5 cm/min

a) By SE: for the percussion power of 15 kW
- Includes time for moving between holes, collaring and cleaning the hole
b) The median value of SE that is applied for this study
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Table 5. Typical range of load factor

Rock strength Hard rock Medium hard rock Soft rock Weathered rock
L Range” 1.70~2.00 1.55~1.70 1.30~1.50 1.30~1.35
(median value) (1.85) (1.625) (1.40) (1.325)
Load factor (f) 0.54 0.62 0.71 0.75

a) MOLIT (Ministry of Land, Infrastructure and Transport) and KICT (Korea Institute of Civil Engineering and Building Technology)
(2018)
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Q(m?/hr)=q - E(1— Rebound %) 6)
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™
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Fig. 3. Comparison of cycle time for the 3 tunnels
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Table 6. Results of the variables defined in Table 2

Variables Tunnel A Tunnel B Tunnel C
T1 (min) | Time for pure drilling holes 144.3 65.2 57.9
T2 (min) | Time for pure loading & hauling 103.9 36 22.5
T3 (min) | Time for cleaning face 86.1 26.2 15.2
T4 (min) | Time for fixing wire mesh 0 0 0
TS5 (min) | Time for placing shotcrete 98.2 53.0 23.7
T6 (min) | Time for drilling rock bolt holes 22.9 20.9 22.3
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Table 7. Comparison of operation time in actual operations and by SE

Operation time (min) o
. Tunnel A Tunnel B Tunnel C Average
Operation absolute
Difference Difference Difference 0
Ac” | SEY Ac” | SEY Ac” | SEY 7o
¢ %) ¢ %) ¢ %)
Drilling & Charging | 227 | 267 41 (18) 152 | 243 91 (60) 293 | 238 -55(-19) 32
Loading & hauling 156 114 -42 (-27) 126 46 -80 (-63) 165 37 | -128 (-78) 56
Scaling 37 45 8(21) 60 45 -15 (-25) 55 35 -20 (-36) 27
Shotcreting 36 | 214 | 179 (503) 98 109 11(11) 79 79 0(0) 171
Rock bolting 32 93 61(192) 40 68 28 (69) 75 73 -3 (-3) 88
Cycle time 487 | 733 | 246 (50) 476 | 511 35(7) 666 | 461 | -205(-31) 30
a) Actual operation time: an average of the investigated rounds
b) Operation time by SE
c) Average of absolute values for the difference % of each tunnel
360 360 360
330 330 T T 1 330 T T
300 + 300 ! ! | 300 ] |
270 Fwwreer 270 ! ! ! 270 4 . ;
- 240 I . 240 T T 1 20 t T
IR e e e e E— 20 | . | € 20 |
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50 90 : { i %0 I }
60 60 { { — fmesteer &0 | ! R S
e o - P G = [==gr . I ol IR P i .
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«SE | 267 | 114 | 45 | 214 | a3 LSE | 182 | 48 | 45 109 | &8 v SE 178 | 37 | 35 79 73
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;p"e sAve | 227 | 156 | 37 36 2 “;'e sAve.| 152 | 126 | 60 | 98 | 40 i-::e sAve | 203 | 165 | 55 | 79 | 75
vMin.| 210 | 145 25 30 25 v Min.| 130 90 30 70 25 || [vMin| 240 142 45 55 40
(@) Tunnel A (b) Tunnel B (€) Tunnel C

Fig. 4. Ranges of operation time in actual operations and by SE
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Fig. 6. Drilling & charging part of TUNSIM-Q for the estimation of basic construction time
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