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ABSTRACT: Traffic congestion in existing tunnels has increased due to increased traffic volume and enlarged vehicles.
Enlarging existing tunnels has advantages over constructing new tunnels by reducing land purchasing costs as well as
minimizing natural environment destruction. In fact, many overseas projects for enlarging existing tunnels have been
reported. Thus, it appears that the demand on enlarging existing tunnels continues to rise in Korea in near future. Nonetheless,
the studies related to the enlarged tunnels have been relatively rare since there have been few tunnel enlargement projects
in Korea. In the present study, the tunnel behavior and the stability of rock pillar when enlarging existing parallel tunnels
were investigated by performing FE analysis and using existing theory and empirical relationships. Four different enlarging
cases, depending on the enlargement types and directions, were examined in the study. According to the results, for the
tunnels with the same pillar width after enlarged, the uni-laterally enlarged tunnel indicated 5 to 20% higher crown settlement
compared to the bi-laterally enlarged tunnel, and for the tunnel with the narrowest pillar, the highest shotcrete stress was
observed. Also, the strength/stress ratio for rock pillar was more than 1.0 for all four enlargement cases, and the Matsuda’s
method was found to give higher strength/stress ratio by about 50% compared to the Peck’s method.

Keywords: Tunnel enlargement, Parallel tunnels, Pillar stability, Crown settlement, Strength/stress ratio
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Table 1. Parallel Tunnels separation distance design criteria(Road Design Guideline. 2009)

Division

Contents

Note

Road design guideline .
(‘92 Korea expressway .
corporation )

Original ground can be considered to behave perfectly elastic : 2D
Original ground is a soft ground(e.g. clay) : 5D
General : 2~3D

Standard manual for tunneling
(‘94 Ministry of land, transport
and maritime affairs, KTA)

* Original ground can be considered to behave perfectly elastic : 2D
* Original ground is a soft ground(e.g. clay) : 5D

Tunnel design manual .
(‘95 Korea expressway
corporation)

Center to center distance
- Two lane tunnel : 30m
- Three lane tunnel : 40m

Center to Center

Tunnel design manual
(‘00 Korea expressway
corporation)

* Separation distance shall be either increased or decreased from PW=1.5D

according to the results of the investigation of ground condition, tunnel
structural stability and economical aspect by performing numerical analysis
using geotechnical properties for tunnel portal area and other investigations

Pillar
Width

Tunnel design criteria
(‘07 Construction and
transportation ministry, KTA)

Parallel tunnels should be separated enough such that blasting, vibration and
ground behavior by the tunnel construction do not adversely affect adjacent
tunnel by considering tunnel size, ground characteristics, blasting/vibration
effect, land compensation, hindrance and civil complaint

Table 2. Safety factor calculation formula based on experience

Applied stress (5,) Strength of pillar (o) Safety factor
Pec];lsgg;e)thOd v Hs (14+D/P) 2« O c0s¢/(1—sing)
. FS‘ = 0—7/5)
Matsuda's method (it H>D) v-D-BP q ' o
(1998) (if H<D) v+ He+BP !

~ : Density, H : Depth, D : Tunnel Width, B : Yielding Load Width

P : Pillar Width, C : Cohesion, g,

FERAE 0}3l0] U shafiEol AT AR el A Bero) WS
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Table 3. The cross section and size of tunnel

Table 7. Analysis cases for tunnel enlargement

Cross section and size

2-lane
tunnel

4-lane
tunnel

Table 4. Soil Properties

Rock mass rating

1II

Unit weight, yt (kN/m’) 25
Elastic Modulus (MPa) 4,400
Cohesion, C (kPa) 700
Friction angle, ¢(°) 40
Poisson ratio (V) 0.25
Ko 1.0
Table 5. Tunnel support properties
Elastic . . . Design
Modulus ”[hl(ccl;r)less UI(III:NYIE%}I t strength
(MPa) (MPa)
Soft
Shoterete 5,000 12 24 10
Hard
Shotcrete 15,000 12 24 21
Table 6. Load distribution factor
Excavation 0.5
Soft Shotcrete 0.25
Hard Shotcrete 0.25

Case 4,1:_ /\‘]- 6‘6(])—1 E~]

3t ZL-o|tTable 7 Z=x).

Case 1 Case 2
(both sides enlargement) (one side enlargement)
o»
9.58 m (0.5D) 3.68 m (0.19D)
Case 3 Case 4
(one side enlargement) (one side enlargement)

15.47 m (0.81D) 9.56 m (0.5D)

Pillar width after enlargement

o} ‘41#?‘;147 EEIE i R o /s
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HSlek= e et 7MY 52
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st om, 5 250 Case 1014 7 2 Ul
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Table 8. Tunnel behavior for different types of tunnel enlargement

T Crown settlement Tunnel convergence Shotcrete stress
Stage Stage Stage
o) S . R S S o L 2 3 & 5 & 71 % 3 o 1z 3% & 5 & 7 & 9
14 7
s T 12 s w6
Eu
£ ) T " .
Going up | § ¢ / i .
£ -15 %0z /A 01
tunnel | g g // 3
B > p
& locker 3¢ 5% o ot 4 %3 o Chse 1 7
g — v } Gl
§ 2514 R %2 Case 2
8 - Case 3 = N - g 02 | HChse 3 / &1l HCase d
“0-Case 4 : " 2 O-Chse & O-Chse 4
35 . . . 0 0 .’ { i +
Stage Stage Stage
o) - S - 01 oz 3 4 5 & 7T 8 9 I T T I A
14 45
'é-u.s ----- E 12 5 D R A
£ N\ £ .. § IO N T T T S T O A
Going £ X 9 o ‘A s,
Q ]
down §"-5 \ %‘ 0% ;}/ g 25 9.
tunnel 3, [ R S S N SR 1 b, i ) ]
o c 0
" o Cate 1 \ 802 © Case 1 // ﬁls o Case 1 }
; 25 |54-Cabe T Case 2 / E " aeChse 2 /
0 g 0 L 21
B ogleeCaes Lo i PN £ [aecaes Y 2 |aeCase s
L A e e S s ¥ o5
O-Cage 4 B ocdse s [ “+Cdse 4
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Table 9. Results of rock pillar stability using empirical formula
L. .. Applied stress Strength of pillar
Division Empirical formula s (KN/m) o) (KN/m) Safety factor
Casel Peck 2248.4 1.34
(both sides expansion) Matsuda 1434.5 2.09
Case2 Peck 4650.8 0.65
(one side expansion) Matsuda 2967.2 1.01
3002.3
Case3 Peck 1677.9 1.79
(one side expansion) Matsuda 1070.5 2.80
Cased Peck 2251.6 1.33
(one side expansion) Matsuda 1456.0 2.06
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N

o] M7t B 4 heS
AnE oz Belgstct
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4.3
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= A48T Table 10).

S A BeEe 12o] Foldss A

Principal Stress (Min) Principal Stress (Max) Compression strength Strength-Stress
03 (kPa) 01 (kPa) Oem (kPa) Ratio
Case 1 769.55 2020.92 3002.3 2.32
Case 2 437.58 3324.82 3002.3 1.02
Case 3 849.41 1547.63 3002.3 4.14
Case 4 763.77 2027.36 3002.3 2.30

(a) Case 1

(b) Case 2

(c) Case 3

(d) Case 4

Fig. 4. Principal stress distributions for different analysis cases
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