71871 @ | SZXISFESISIR] | Vol. 26, No | pp.33-40

Design and Construction of
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Urban Congested Conditions
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1. Introduction

Seoul-Busan High Speed Railway(HSR) 14-3 project
employs the method of the As-built Design &
Construction. And the total duration of project was 72
months from design step to the completion of construc-
tion in July 2009.

Underground tunnel construction in urban environ-
ment has a lot of constraints in constructions especially
because drill & blast excavation method is used. Due to
congested conditions in the site such as existing above-
ground railways, office buildings and residential area,

special design and construction methods have been ap-
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plied to minimize complaint from stakeholder.

The purpose of this paper is to suggest a guide of tun-
nel excavation in urban arca. This paper generally intro-
duced the improvement method of tunneling, the com-
plaints, the criteria of blasting in Korea, the auxiliary

supporting systems at very weathered ground etc.

2. Design and Construction of HSR
Section 14-3

The 14-3 section of the Seoul-Pusan HSR is the final
section. This section passes under the ground of Busan
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Figure 2. Representative cross section of tunnel

urban area. It is the double track tunnel of 6.41km
length.(see figure 1).

As shown in figure 2, this 14-3 section was located
50m under ground level where 1 to 6 railways are run-

ning at present. Furthermore, many old houses and large

scale apartment units are distributed on the lane of 14-3
project 1).
Important facts for design are as follows;
* Guess the possibility of complaints and counter-
measure establishment.
« Establishment of structural stability of HSR 14-3
tunnel passing by the huge Dongrae Fault Zone
and the soil layer in thin cover(see figure 3,
Section I ~ V).
» Countermeasure establishment for safety of run-
ning trains to all sections.
« Establishment of structural stability of subway 1, 2
passing by the tunnel(see figure 3, Circles).
» Development of automatic instruments for the

measure of real-time ground behavior.
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Figure 3. Geological map of tunnel alignment
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3. Tunnel Excavation Methods

3.1 Hard and Soft Rockmass

To blast in hard rock section of HSR 14-3 particularly,
we have applied the various blasting method like [Open
TBM + Enlargement(D&B)], [PLHBM(Pre-Large Hole
Boring Method) + D&B] and [Pilot D&B] etc. which
being satisty the criteria of blasting vibration. It is ap-
peared the used excavation methods at figure 4.

When it must blast in rock mass, the best way of min-

imizing blasting vibration is mixing a pilot tunnel and

(a) Open TBM

Drill&Blasting. In this project, we used the open TBM
of diameter 5.0m(see figure 4.(2)) for pilot tunnel. After
penetration of TBM was done, as in figure 4.(b) for the
purpose of blasting, holes of 1.0~2.0m in diameter were
drilled according to rock classification in parallel with
the axis of pilot tunnel 2).

Figure 4.(c) shows the Pre-Large Hole Drilling
Method(PLHBM) which was applied to decrease blast-

ing vibration at center-cut section of tunnel and shafts

for launching TBM. We also prepared a extra blasting
method shown in figure 4.(d), that is, Pilot & Multiple
Stage Drill and Blasting to be used in more serious re-

{b) Drill and Blasting

Multiole Stage Plan Detail &
- - -
-t 1

(¢) PLHBM(L=50m) + Drill and Blasting

(d) Pilot Drill and Biasting

Figure 4. Methods of Drill and Blasting used in HSR 14-3 project.

Table 1. Criteria of blasting vibration in Korea.

Object Velocity of vibrationlcm/sec) Note
Human Body 03 Law of Noise Shock Regulation
Existed building 05 '
Underground Siructure 0 Korea Design Standard of Tunnel
Concrete in curing 0.254 ASCE
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gion. For reference, table 1 is the criteria of blasting vi-

bration of objects in Korea.

3.2 Very Weathered Rockmass and Soil

For tunnel excavation in deep soil section, we applied
mechanical excavation method and supporting concep-
tion of NATM in SFRC(Steel Fibre Reinforce
Concrete). Furthermore, the various auxiliary supporting
systems such as RPUM(Roof Pipe Umbrella Method)
of @112mm by self drilling, MFG(Micro-cement
Fissure Grout), Foot Piles and Temporary H-300-beam
Struts between Spring Lines, etc. were used for the min-

imization of tunnel deformation.
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4. Analysis of Complaints Tendency by
Section

4.1 Drill and Blasting Section
(403k490~407k690)

Because of the excavation of tunnel by D&B, the
range of complaints in 403k409~407k690 appeared as
shown figure 5. From the result, the range extended to
100m which is more than that evaluated in design
phase. In this section, from the results of monitoring as
shown in table 2, the crown settlement of tunnel slightly
developed by about -2 to -21mm according to rock clas-
sifications, and the surface settlement developed by
about -1 to -24mm which is similar to crown settlement.

And the groundwater level was fallen by about 33m
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(d) Soft Rockmasslold buildings)

Figure 5. The developed range of complaints in 403k409 ~ 407k690(%l<)
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(e} Soft rockmass{shopping street)

Figure 5. The developed range of complaints in
403k409 ~ 407k690

from G.L-2.0m to G.L.-35m because of groundwater in-

flow in tunnel. The groundwater behavior in this section
is as follows;

¢ G.L.-0~-2m : Landfill /
G.W.L.- 2m : before tunnel excavation

*GL.-2~-10m : Residual Soil

* GL.-10~40m : Weathered Rock /
G.W.L.-35m : after tunnel excavation

* G.L.-20 ~ -60m : Soft & Hare Rock /

G.L. 45m : average S.L. of tunnel

4.2 Mechanical Excavation Section
(407k690~409k140)

Many weathered grounds in this section developed as
shown figure 6.

A huge Dong Rae fault zone with the width of several
hundred meters and length of several ten kilometers was
formed by mechanics of strike slip. A mixed zone and a
thin soil cover zone were also included in this section.

Considered these conditions, excavation method was
decided. We showed the range of complaints which de-
veloped in this section in figure 7. As shown in the fig-
ures, the range extended from 40m to 60m as anticipat-
ed by evaluations in design phase and it decreased by
less than 403k490 ~ 407k690. Because the tunnel align-
ment is included in highly weathered rockmass and thin
soil cover, from the results of monitoring shown in table
3, the crown settlement of tunnel seriously developed by
about -14mm to -107mm, and the surface settlement de-
veloped by about -19mm to ~-140mm which is similar

to crown settlement 3).

Table 2. Representative settlement of surface and tunnel crown in soft and hard rock(C.T.C 100m)

 gtA | Settementof | Surace L ‘Settiémeﬁt of | Suface

' | Tunnel Crown Seltlement , ~ Tunnet Crown Setilement
403KB00 70 200 800 _ 10

800 60 50 40BKO00 150 140
404K000 20 20 200 80 1.0

200 40 | -10 \ 400 \ 140 15,0

400 50 } 70 \ 600 \ 140 -0

800 50 90 800 140 210

800 80 70 407KO00 150 70
AO5KO00 50 40 200 150 120

200 | 150 150 400 160 160

400 | 16,0 ~17.0 ( 600 ( 210 24,0

600 | 160 100 | |

From these result, we can confirm facts as follows:

» Settlement of surface slightly developed because tunnel alignment is included in rockmass and consolidation developed in soil layer.
* Therefore we knew that complaints in rockmass section were caused by the vibration because of a psychological anxiousness even if it

satisfied the criteria,
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Figure 7. The developed range of complaints in 407k690 ~ 409k140

We compared the settlement of tunnel crown with
suiface according to distance from tunnel face as shown
in figure 8. From the result, we could confirm the plas-
ticity behavior of ground which simultaneously devel-
oped surface settlement by tunnel excavating and the
high correlation between them 4).

The groundwater level was fallen about 17m from
G.L-3.0m to G.L.-20.0m which is less than in rockmass

A07KI00

Table 3. Representative settlement of surface and tunnel crown in highly weathered rock(C.T.C 100m)

section because of the limited groundwater inflow in
tunnel due to many fault clays. The groundwater behav-
ior in this section is as follows;
* GL.-0~-5m :Landfill/
G.W.L.- 3m : before tunnel excavation
* G.L.-2~-30m : Residual Soil /
G.W.L.-20m : after tunnel excavation
e G.L. -2 ~-30m : Residual Soil(Finish Point) /

" J0BK500

800 600 -14.0 270
900 700 -17.0 -340

408K000 800 -24.0 -64.0
100 900 -49.0 -1290
200 409K000 -107.0 -140.0
300 100 -320 —65.0
400

38 -Hu A
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Figure 8. The time history curves of a distance, settiement
of crown and surface at 407k800

G.L.-25m : average S.L. of tunnel

* G.L. -10 ~-80m : Weathered Rock(Fault) /
G.L.-45m : average S.L. of tunnel

+ G.L. 40 ~over : Soft Rock /
G.L.-40m : average S.L. of tunnel

From these result, we can confirm facts as follows;

+ Settlement of surface developed more higher than
rockmass section.

» We knew that complaints were mostly caused by
the settlement of surface.

+ The range extended 40m to 60m which decreased
less than 403k490 ~ 407k690.

* Because the tunnel alignment is inctuded in highly
weathered rockmass and thin soil cover.

5. CONCLUSIONS

This paper highlights the construction methodology
considering public relation and restriction in worksite in
downtown. When drill & blast excavation is used for
the whole planned tunnel sections, vibration and noise
could affect aboveground area very much. Therefore,
special excavation method by combining TBM pilot
tunneling and drill & blast enlargement was applied to
control vibration and damage which can affect above-
ground structures. Pre-Large Hole Boring Method was

also applied considering the complaint in several sec-
tions. Comprehensive study of possible public com-
plaints has been carried out in advance, and correspond-
ing measures were derived.

Blast vibration and settlement along routes have been
controlled systematically during the whole periods of
construction, and all feedback to stakeholders has been
carried out.

According to the project experiences, it can be con-
cluded that drill & blast method can also be efficiently
adopted in urban complicated environment once geolo-
gy and public relations problem are solved.

» Settlement of surface was slightly developed be-
cause turmel alignment is included in rockmass and
consolidation just developed in soil layer.

» Therefore we knew that complaints in rockmass
section were caused by the vibration because of a
psychological anxiousness even if it satisfied the
criteria.

» Settlement of surface developed more higher than
rockmass section.

+ We knew that complaints were almost caused by
the settlement of surface.

+ The range extended from 40m to 60m which de-
creased less than 403k490 ~ 407k690

» Because the tunnel alignment is included in highly
weathered rockmass and thin soil cover.
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