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ABSTRACT

In recent years, common ducts have been installed and operated in the sidewalls of tunnels to prepare for emergencies in tunnel
construction and maintenance. The installation of common ducts is done mainly by humans. Problems with cost increases are inherent
in tunnel construction by humans due to the safety risks and the economic inefficiency of humans performing construction activities.
Among the problems that arise are poor illumination due to the use of temporarily installed electricity, the risk of accidents due to the
confined workspaces, and workers avoiding work tasks because of the poor environment in tunnel. Ideas for solving these problems
were developed using a value engineering (VE) process, and mechanized construction was identified as a promising solution. To verify
the effectiveness of mechanized construction of a common duct in tunnels, experimental construction work was carried out, and
mechanized construction was proven to directly improve the constructability and economic efficiency of common duct construction.
In addition, reducing human involvement in common duct construction in tunnels is expected to improve safety, and because of the
continuous concrete placement technique used, the finish and appearance of the ductwork are improved.
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Fig. 1. Concrete Placement for Common Ducts by Human
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Fig. 2. Original Design Plan for Concrete Placement

Table 1. Evaluation Items

Items Definition

- Ease of operating various types of
construction equipment
- Ease of reducing construction duration

A. Constructability

- Ensuring worker safety through mechanized

B. Safe

24 placement of common duct

+ Minimum cost of achieving identical
C. Economic functions
efficiency - Existence of construction method that
achieves budget reduction

. - Achieving high durability cement concrete

D. Quality g g vy

- Achieving good finishability of concrete

- Reduction of dust and noise during
E. Environmental construction
effect - Minimization of environmental damage due

to generation of wastes
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Table 2. Weight Value of Evaluation Items

Items A B C D E Sum |Weight
A - 1 1 2 8 28.6
B 1 - 1 1 1 6 214
C 1 1 - 2 2 8 28.6
D 0 1 0 - 2 5 17.8
E 0 1 0 0 - 1 3.6

Note - Low:1, Midium:2, High:3

Table 3. Function Analysis
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Noun Verb Principal function Basic function | 2" function
» Construction is smoothly done ©
Constructability -
Construction stages are reduced O
Worker safety is ensured O
Safety - -
Human involvement is reduced O
Unnecessary materials are reduced O
Economic efficiency Labor costs is reduced O
Daily construction amount  |is increased O
Durability is ensured O
) Excellent engineers are retained O
Quality —
Placement of concrete is tightly controlled O
Alignment is enhanced O
) Generation of wastes is reduced O
Environmental effects -
Appearance is enhanced O
How? Why?
—l —
High-Level
gh-Love Fl F2 F3 F4 F5 Input Function
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Construct L num_ber Ensure Reduce labor Ensure Enhance S
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unnecessary generation of
powered materials workets wastes
placement
F32 F42
= Properly
mmﬁia;fl;lﬂfl Yy control the
construction placement of
concrete
F43
Improve
alignment

Fig. 3. Fast Diagram for Function Relationship
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Table 4. Comparison between Human-Powered Construction and Mechanized Construction

Category Human-powered construction Mechanized construction
- Excellent constructability
. - Safety and good quality control
Advantages - Advantageous when constructing over short lengths R good quality

- Low construction cost
- Possible to shorten construction period

- Poor constructability

- Difficult safety management
Disadvantages - Difficult to retain excellent engineers
- Poor alignment and appearance

- High construction cost

- Disadvantageous when constructing over short lengths
- Necessary to fabricate mold forming

Section detailed drawing

Description

- 1st & 2nd separated construction: Height 0.613m
- 3rd separated construction: Height 1.15m
- 4th separated construction: Height 1.0m

Fig. 4. Mechanized Construction Plan
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(c) Concrete Placement 1 (d) Concrete Placement 2

(f) Completion

(e) Isolation/expansion Joint
Installation

Fig. 5. Experimental Construction Process for 3rd Separated
Construction

Table 5. Results of the Experimental Construction
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Category Results

Reasons Improvement methods

- Good maintenance of sectional shapes
in general

. - Partial occurrence of deflection of

Section R

section of over-break part

zone

- Wide sectional width of common duct |- Proper slump management
- Excessive slump

- Unhandled under-break part when
- Partial occurrence of section shortage | excavating tunnel

- Handle over-break part before placing
- Examine and confirming under-break
part through convergence measurement

Plane Condition - Good plane finish condition

- Mold interference due to section

- Examine and confirm under-break part

Waterproof Sheet - Damage to waterproof sheet in partial | shortage of common duct caused by .

. . by conducting convergence

Condition section untreated under-break part when .
. measurement before placing
excavating the tunnel
. - Error of 1-2 cm in alignment as a result
Alignment of Common
Duct of measurement - -
C

- No errors occurred in leveling

Occurrence of Cracks |- No cracks occurred

- Possible to construct at 37.5 m/hr
- Possible to construct 300 m (=37.5 m x
8 hr) per day

Constructability

Interference of

. - Interference occurred in partial section
Temporary Electricity

- The wires of temporarily installed
electricity in the tunnel are located
under the placement height of the
common duct

- Leave space below the placement
height of the common duct after
measuring the level of temporarily
installed electricity and prior to
placement
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Table 6. Constructability of Human-Powered Construction

Process Operation Duration
Common | Formwork for side walls | 2days * 25Spans = 50days
duct: 3rd |Concrete placing (Human)

1 *2 =2
separated & Curing day * 25Spans =25days

construction

Formwork removal

1day * 25Spans = 25days

Total

100 days

Table 7. Constructability of Mechanized Construction
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Table 8. Cost Comparison Analysis

Category

Human-powered construction (won/m)

Mechanized construction (won/m)

Cost estimation

Form installation: 17,565w0n/m2
Concrete placing: 37,890won/m’
Ready-mixed concrete: 63,21 Owon/m’

From installation: 17,565%1.228=21,570won/m
Concrete placing(Human):
37,890*0.582=22,052won/m (Construction)
63,210*%0.582=36,788 won/m (Material)

Total: 80,410 won/m

Concrete placing (Machine): 48,07 lwon/m’
Total: 48,071 won/m

Note

- Formwork (Regural finishing) = 1.228m*/m
- Concrete (24-24-15) = 0.582m’/m

- The cost estimating method using historial cost data is applied.
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