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The Improvement of Tunnel Construction Cost Standards
Considering the Site Conditions in Korea
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Abstract Tunnel construction is an important part of Korean public construction projects. Although the
development of various equipment and technologies has led to advances in tunnel construction methods
that are implemented on sites, the cost standards related to such works do not yet reflect the realities
of the construction sites. A literature review and site surveys were conducted to suggest reasonable cost
standards for tunnel work that reflects the realities of the field. First, each item in the cost standards
for tunnel work, as established in the Construction Standard Production Rates, were analyzed. The results
were compared with the actual costs implemented on tunnel projects. The key items analyzed included
those regarding the work cycle time, such as rock classification, profiling survey, drilling speed, and
muck-disposal processing equipment combination, as well as the number of people put to tunneling
work. Based on the site survey results, improved estimates regarding the cycle time per one tunnel
drilling blast, drilling speed of the machine, muck disposal processing equipment combination, and the
number of people put to tunneling work were suggested. This study suggests the cost standards that
reflect the realities of tunneling sites. The results are expected to help ensure adequate costs for tunnel
construction projects.
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Establish the objectives and
scope of the study.

IAn Analysis of Current Construction
Cost Estimation Standard

Identifying problems
Site survey and analysis

| Literature Review |

Improvement proposal
Conclusion

Fig. 1. Process of research
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Table 1. Tunnel classification by typelll

Type Definition

- Small-scale tunnels in which small-sized breakers can
Grou| be used when excavating mechanically.
p |- Small-scale tunnels in which small-sized breakers can
A be used for drilling while performing drilling and
blasting.

- Single-line tunnels in which large-sized breakers can
be used when excavating mechanically.

Single-line tunnels in which jumbo drills can be used
for drilling while performing drilling and blasting,
though operations of dump trucks and loaders are
difficult and crossing of equipment is impossible.

Grou |-
pB

Double-track tunnels or tunnels with two or more
lanes in which large-sized breakers can be used when
excavating mechanically.

Double-track tunnels or tunnels with two or more
lanes in which jumbo drills can be used for drilling
while performing drilling and blasting, and operations
of dump trucks and loaders are easy and also
crossing of equipment is possible.

Grou |-
pC

Table 2. Cycle time per blast in tunnel excavation[1]

b Drilling and blasting | Remarks
Job type Group AlGroup B|Group CfLower half)
Preparation of drilling 10 ~15|15 ~20{15 ~20) 65%
Surveying and marking 5 ~10 |10 ~15|15 ~20| 65%
Drill Drilling T | T | 1 |Quanty
ing of work
Charging and blasting 30~40 | 40~50 | 50~60 | 65%
Ventilation 15~20 | 20~25 | 25~30 100%
Preparation of 10 10 10 | 100%
muck disposal
Dispo X Quantity
sal of| Disposal of muck T2 T2 T2
K of work
muc Shunting of carts 3 ~5 | 3 ~5 - 100%
Scaling and cleaning up 20~30 | 30~40 | 40~50 | 65%
[Preparation of placing 10 10 (10) 100%
Cleaning of floor and T3 ey ™ Quantity
surface of work
Installation of support 25~30 | 30~35 | 40~45 | 65%
Shoter| Installation of wire T4 T4 T4 Quantity
ete mesh of work
Spray works T5 T5 T5 S?i?onrz
Removal of remnants] 20 20 20 65%
Checking of equipment 10 10 10 100%
Pr.eparatic?n of 10 10 10) 100%
installation
Drilling time Quantity
(min/hole) To To T6 of work
Rock Cleaning.; in the hole 1 1 1 Quantity
bolt (min/hole) of work
Filling (min/hole) 2 2 2 EFiljct)lrtlZ
Fixing (min/hole) 2 2 2 SF?;;Z
[Transferring and othery 15 15 15 100%

*T1:
T2:
T3:

Drilling time according to Quantity of work

Time for Muck disposal according to Quantity of work
Cleaning time of floor and surface according to Quantity of
work

T4: Installation time of wire mesh according to Quantity of work
T5: Time for Spray works according to Quantity of work

T6: Drilling time for Rock bolt according to Quantity of work
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Table 3. Drilling speed of drilling machine[1]

Item Small-sized Jumbo drill | Remarks
breaker
Weathered rock 27 cn/min Apol
Rock Soft rock 20 en/min pply to
. Group A
type | Moderate rock 16 en/min I
Hard rock 12 en/min tunnels
75~85
en/min
1.2m or less
(weathered rock) 85~90
Lengt| 1.2- 2.0 m (soft en/min  |Apply to
h of rock) Groups B
drillin 20-30m 90~95 & C
g (moderate rock) en/min tunnels
3.0 m or longer
(hard rock) 95~100
en/min
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Table 4. Combination of drilling and muck handling
equipment when excavating a tunnel[1]

Item Group A | Group B | Group C Remarks
Blast drilling [Small-sized| )
and Rockbolt| breaker [umbo drillfJumbo dril] ~ Egulllp qunt
drilling  [(2.7m'/min | (2-boom) | (3-boom) S ab' <
equipment |2~4 units) comi Hie
Muck loading| Loader Loader Loader b r9per Y
. ) N . |according to the
equipment 1.72m 3.5m 3.5’ R
. size of hole and
Muc Loader Dump Dump drilling
transport ) truck truck L
. 1.72m conditions
equipment 15ton 15ton
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Table 5. Crew per blast in tunnel excavation[1]

Mechanical
excavation

Drilling and
blasting

Job type
Group

A

Group|Group

C

Group|Group
A B

Group
C

Work leader
Driller

Jumbo drill
operator

person| 1 1 1 1 1 1
2~4 - - 2~4 - -

person

person

Aerial work
platform
operator

person| - 1 1 - 1 1

Loader operator|person| 1 1 1 1 1 1

Excavator

person| - 1 1 - 1 1
operator

Shotcrete
machine
operator

Machine
operator

person| 1 1 1 1 1 1

person| 1 - - 1 - -

Ordinary worker|person

Explosive
treatment
expert

person| 1 1

Subtotal 11~13[13~15/9~13

person
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Table 6. Changes in Tunnel construction standards

and Cost estimation standards

Categor
Y

Changes in construction

standard and environment

Cost Estimation Standard
and problems.

- Strengthening the

Preparat| standards for rock - Cycle Time not
ion determination and reflected
tunnel measurements
- Generalizing the - Applying
s . Hand-operated Jumbo
Drilling | application of computer . .
umbo. drils dril (Hitting Pressure
! (15kW))
Disposal|~ Using larger loader size |- Using 3.5m’ grade
of muck for Group C Tunnel Loader
(5m* grade or higer) (Group C Tunnel))
- All personnel except
- Specializing the input for the Explosive
personnel for tunnel treatment expert(one
construction and person) are composed
Resourc| | R K
. increasing labor costs of ordinary workers.
e input

- Generalize the use of

aerial work platform for

tunnel construction

- Lack of cost standard
for aerial work
platform for tunnel
construction
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Table 7. Construction site for field survey
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Sectional Cross sectional
60~100n ,
Type area less (Two-lane road area over 100m
than 60m* e (Three-lane road)
double-lane railway)
Road 1 11 2
Railroad 2 7 -
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Table 8. Survey method for item

Details of Firsthan Status
Item d Survey Method
survey survey check
- Rock
determinatio - Measurement of
n, Tunnel @) - actual worktime
measurement - Verification of
s required time by
- Drill speed of each ty'pe using
i O - cycle diary
Jumbo drill
Tunnel
excavat - Measurement of
ion actual worktime
cycle - Review of bucket
- Combination coefficient(k) and
of equipment 0 _ operation
for Muck efficiency(F) in
disposal Construction
standard
production
rates(8-2-5 Loader)
- Status check of
Resour |- Tunnel work np l,lt manpower
. - Review of
ce crew and job - (@) X
input type appropriateness of
1np job type through
work analysis
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Tunnel measurement

Rock determination

Fig. 2. Rock determination / Tunnel measurement

Table 9. Rock determination/Tunnel measurement
time by advanced length

T Advanced | Excavation | Number of | Time required
ype Length type Surveys (min)
over 1.5m | Full Section 3 29.3

Road

1~1.5m Half Section 2 25.0
Rail | over 1.5m | Full Section 2 30.0
road 1~1.5m Half Section 2 29.5
Average 28.6
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Table 10. Frequency of use depencing on the type of
Jumbo drill

Cross sectional area

Type

60 or less| 60~100m’ | over 100m"

Computer Jumbo Drill 1 18 2

Hand-operated Jumbo
Drill

2 - -

31

Automated operation Automatic drilling position input

Fig. 3. Computer jumbo drill excavation
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Table 11. Total drilling time by blind end

Ratio

%)

Measured
value(min)

Existing

Caregory value(min)

Rock type

1.2 m or less | Weathered rock 133.0 130.0 98%

1.2~2.0m Soft rock 130.0 110.0 85%

Moderate
/Hard rock

2.0 m or
longer

177.0 140.0 79%
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Table 12. Tunnel Excavation work crew composition

Measurem | Chargin Disposa| oy otere | Rock
Category | ent / |Drilling 1 of te bolt
marking 5 Muck
Job order 1 1 1 1 1 !
Professio
nal _ 1 4 1 1 2
personne
1
Assistant 2 1 2 1 ! !
Sum 3 3 7 3 5 4

s

Roc bolt drilling

Charging

Marking work

Fig. 4. Work by personnel specializing in tunnel
excavation
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Table 13. Input manpower and roles for tunnel
excavation work

Input
Category Major works Manpower per
work group
Work | Overall management of the entire
1 Person
leader work group
Explosive Drilling / Charging work
treatment 8 sing 1 Person
management
expert
Special Perform functional tasks
P ex) Rockbolt installation, Marking 4 Person
worker 1 o .
the drilling position, Charging etc
i Simple task assiatnace
Ordinary (Tamping, signal, charging 2~4 Person
worker " '
assistant etc)
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Table 14. Improvement proposal for cost estimate
standard of tunnel construction
Survey Improvement Estimation standard for
Item item improvement proposal
- Rock
R - Apply average value
determination, | Applying a rounding up value
Tunnel AAPPYINg 4 | 8 up
in 5Smin units
measurement
Tunnel X - Reflection on the reduction
~F Jumbo drill 1 .
excavation drilline speed rate of total drilling time by
cycle & SP each advanced length
- Combination . A
1_ ! - Diversification of Muck disposal
of equipment equipment(Loader)
for Muck sqecli)fications
disposal P
L Tunnel - Proper Job ‘.Composition by
Resource . work analysis
. excavation
input - Proposal of necessary
work crew |
manpower by job type
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Table 15. Improvement proposal for drilling
preparation time by type of work

Remarks
(Lower

half)

Blast excavation(min)

Work type Group

A

Group
B

Group
C

Preparation for drilling
(Rock determination /
Tunnel measurement)

Drilli
ng

30 30 30 65%

x{ 1A
T35
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Table 16. Improvement proposal for Jumbo drill
drilling speed by each advanced length

Category Jumbo drill drilling Remarks
speed
1.2 m or less 75~85 n/min Applied to
tength |1 5~2.0m 85~95 e/min B and C
Drilli 2.0~3.0m 95~105 n/min group
riling 3.0 m or longer 105~120 cm/min tunnels
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Table 17. Improvement proposal for specification
of Muck disposal equipment

Category Group A Group B Group C
Equipment for . Loader Loader
muck disposal Loader 1.721 3.5n 5.0m’
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Table 18. Improvement of the number of work crew
on tunnel excavation

Blast excavation |Machine excavation
Type of Work Group|Group|Group|Group |Group |Group
A B C A B C
Work leader |Person| 1 1 1 1 1 1
Ordinaryp o con| 2~4 | 1~3 | 2~4 | 3~5 | 4~6 | 6~8
worker
Special worker|Person 3 4
Explosive
treatment |Person| 1 1 1 - - -
expert
Sub total Person|9~13 [11~13|13~15| 9~13 | 9~11 [11~13
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